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Preface

How can wasteful handling of such precious goods as food and pharmaceuticals be reduced
between production and consumption?

This was the key question at the beginning of this research project. Having witnessed vivid
and frank discussions between logistics experts from all segments of the cold chain in confer-
ences and workshops during my work for the Cool Chain Association (CCA), I became in-
creasingly curious and involved in the search for solutions. To prevent massive losses of nu-
tritious food and life-saving pharmaceuticals caused by supply chain disruptions is one of the
main goals of this association and its members. However, I realized that a more systematic
and academic way of addressing the problem would be required.

During my search for cooperation partners from the scientific world, Professor Hiilsmann of-
fered me a position as PhD student and Research Associate in his workgroup “Systems Man-
agement” at Jacobs University Bremen. Hence, I took the opportunity to analyze causes of
supply chain disruptions in more depth by linking scientific and industrial perspectives.

In the following years, research projects in logistics and supply chain management as well as
scientific seminars and conferences broadened my horizon and deepened my insights into
cold chain logistics, but also into scientific research methods and systematic analyses. Fur-
thermore, discussions with my research colleagues, but also my former boss and colleagues
from the CCA reinforced my motivation and determination to find out why supply chain dis-
ruptions occur.

These efforts led to the absolute highlight of this project, namely the empirical survey among
cold chain managers from around the world. Their interest and willingness to support my re-
search was amazing and showed how relevant the topic is for the industry. In the future, the
results will hopefully be starting points for further research and will be considered in the de-
sign of supply chain partnerships.

These years of research were incredibly tough, challenging and rewarding. To all the people
who guided and supported me as well as this project: thank you very much!

Verena Brenner
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1 Introduction
1.1 Problem: Can Organizational Designs Impact on the Susceptibility to Disruptions?

Why do systems fail? Many researchers have investigated this question in areas such as nu-
clear power plants, air flight operations, or manufacturing plants.' The approach to investigate
failures in an industry-specific context seems to be useful, since causes may be dependent on
parameters, which may differ between industries.” A reason for selecting the industries above
as fields of research is their complexity,” which makes the identification of causes of failures
and the correct evaluation of critical situations more difficult (Perrow 1999). As another ex-
ample, Dorner (1992) names the criticality of these systems, which means that accidents
might cause death and/or severe harm to many people. Hence, on the one hand, causes of fail-
ures may differ from industry to industry, and on the other hand, the negative effects of errors
differ in form and magnitude.

According to Helmreich, Klinect & Wilhelm (2001), the purpose of research on such failures
is to enhance the robustness of systems. For such an analysis, Woolthuis, Lankhuizen &
Gilsing (2005) suggest to make a distinction between failures due to the rules of the system
and failures by humans, as humans cannot only cause failures but also resolve them. Addi-
tionally, Cook, Woods & McDonald (1991) stress the importance of differentiating between
process and outcome since a defect might still be resolved if discovered before a shift to nega-
tive consequences occurs. This understanding implies that in case of undiscovered defects, a
performance failure results, thus the actual outcome is different from the intended outcome,
yet that it could have been prevented.

Analyses of failures in different industries resulted in the perception that even though the spe-
cific failures might have been different between several accidents, the patterns leading to the
negative consequences of errors were similar. For example, frequently not only one defect
occurred, nor were the failure-causing factors attributable to being either purely human, or
technological. Furthermore, these failures occurred repeatedly in situations, were the system
state and the normal workflow was amended (e.g. for maintenance) (Dorner 1992; Reason
1995; Perrow 1999). Thus, failures seem to occur more frequently when the system shows
vulnerabilities in its processes.

Another industry, which reveals considerable criticality and complexity in its systems, is the
food industry. Especially cold chains for temperature-sensitive products have been identified
as incorporating a significant complexity (Trienckens & Zuurbier 2008; Vega 2008; Fritz &

' E.g. Rasmussen & Vicente (1989); Reason (1990); Dérner (1992); Reason (1995); Misumi, Wilpert &
Miller (1998); Kletz (1998); Perrow (1999); Klinect, Wilhelm & Helmreich (1999); Helmreich (2000);
Kjellen (2000); Helmreich, Klinect & Wilhelm (2001); Ornitz & Champ (2002); Dhillon (2007); Clarke et
al. (2008).

For some examples see: Reason (1990) and Reason (1995).

Complexity in this context refers to the large number of agents in a system and the number of relations be-
tween these agents; see e.g. Dorner (1992); Hiilsmann et al. (2007).

V. Brenner, Causes of Supply Chain Disruptions,
DOI 10.1007/978-3-658-08662-6 1, © Springer Fachmedien Wiesbaden 2015



2 Introduction

Schiefer 2009). In today’s cold chains, the contamination of food at one production stage can
be critical to many people, as the market, especially in developed countries, is highly
centralized and dominated by a few multinational food producers (Lyson & Raymer 2000).
Their products are distributed to many retailers in different regions and countries, extending
the radius of damage. Therewith, failures in the system of one food manufacturer can harm
many people. Additional challenges arise in the case of temperature-sensitive products, such
as fruit, vegetables, but also vaccines, as variations in temperature during transport can have
significant negative effects on the products transported (Bogataj, Bogataj & Vodopivec 2005).

Furthermore, similar to other critical industries, as for example the pharmaceutical industry
(Backhaus 1983), the food industry involves a broader class of stakeholders, including regula-
tory bodies and security agencies. According to the failure classification framework by
Woolthuis, Lankhuizen & Gilsing (2005), thereby also the probability of failures is enhanced,
simply because a wider range of rules exist. Furthermore, even though there are some major
players in food production and retail, many actors are involved along the cold chain, due for
example to the globalization of sourcing of food products and ingredients. This has trans-
formed food supply chains to interconnected systems with a multitude of complex relation-
ships (Trienekens & Zuurbier 2008).

In addition, food products increase the complexity of the systems due to their special charac-
teristics. Among these are the heterogeneity of packaging and transport requirements of prod-
ucts, the huge variety in shipping volumes, due to e.g. seasonal variation, the continuous de-
cay of quality attributes, which also depends on the applied processes, as well as the interac-
tion between food compounds, packaging and equipment (Luning & Marcelis 2006). There-
fore, food supply chains and especially cold chains can be considered as critical and complex
systems, but do they also have industry-specific causes of failures and can negative outcomes
be considered as failures?

In order to answer this question, in the following, three examples of deviations from planned
outcomes will be described and analyzed.* For better comparability, they all refer to cases in
the food industry.

Example 1: Specific causes of failures in global food systems

A recent study conducted for the Food and Agricultural Organization of the United Nations
(FAO), revealed that approximately one-third of all food produced for human consumption is
lost or wasted along the supply chain (Gustavsson et al. 2011). According to this study, food
losses refer to “... the decrease in edible food mass throughout the part of the supply chain
that specifically leads to edible food for human consumption” (Gustavsson et al. 2011, p. 2).

4 According to Yin (2009), case studies are useful if phenomena shall be investigated, which take place in

large systems of great complexity, where rules are continuously and rapidly changing. Furthermore, accord-
ing to Kromrey (2009) such qualitative studies are useful for exploratory research as is conducted here.
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Especially fresh fruits and vegetables are susceptible to such losses (Parfitt, Barthel &
Macnaughton 2010), which can be attributed to the following reasons: firstly, fruits and vege-
tables are of a perishable nature, which implies that shelf life is limited by time and may be
further reduced by exposing the fruit or vegetable to wrong temperatures (Nunes et al. 2009).
Furthermore, fruits and vegetables are also sensitive towards the relative humidity (RH) of
the surrounding air, which should be kept high in order to avoid moisture losses and wilding
of the produce (Zhang 1997). However, not only the environmental conditions play a role in
the maintenance of shelf life, but also the physical handling, as waste due to mechanical in-
juries may be a large contributor to the entire food waste (Nunes et al. 2009). These and other
factors have to be considered during handling of fruits and vegetables in the entire food sys-
tem. If the system does not comply with these constraints, major losses may occur.

The FAO study estimated food losses for several agricultural food commodities in different
regions of the world. On average, the following loss rates for fruits and vegetables could be
observed for each step of the commercial food system:

Figure 1: Global average losses of fruits and vegetables from farm to fork

Agricultural Postharvest Processing and
i i
gricn u handling and g Distribution Consumption
production packaging
storage
10-20% 4-10% 2-25% 8-17% 5-28%

Source 1: own illustration; data from Gustavsson et al. (2011)

The types of losses or waste are grouped according to the part of the food supply chain in
which they occur, hence agricultural production, postharvest handling or storage, processing,
distribution (supermarket retail) and consumption.

Regarding the findings of the FAO study, it becomes obvious that there are significant losses
of fruits and vegetables in the food system. These occur not only in some parts of the supply
chain, but in all parts. Nevertheless, there are considerable differences between loss rates for
the same stage of the food system in different regions of the world. The differing loss rates
could be an indicator for a varying degree of efficiency in the food system and therewith for
potential loss reductions. For example, fruits and vegetables losses in processing and packag-
ing in developed countries are estimated by Gustavsson et al. (2011) to amount to only 2%,
whereas in developing countries in Asia or Africa, about 20-25% of the harvest is lost in this
part of the chain.

Furthermore, the study provides information about the causes of food waste, which are for

example:

= Inadequate forecasting of demand

= Poor storage facilities
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= Lack of infrastructure

= Errors during processing

= Damaged packaging

= Damage during loading, transport and storage
= Rough handling

= Unsanitary conditions

= Lack of processing facilities (Gustavsson et al. 2011, pp. 10-14)

Regarding the numerous causes of food waste, it becomes obvious that a significant amount is
lost not only because of natural and unavoidable decay, but due to errors occurring along the
supply chain. This implies also economic losses for the parties in the food system, as for in-
stance in the US, food waste from farm to fork amount to about US$ 90 to US$ 100 billion
per year (Williams 2004). Several other studies support these findings, indicating that firstly,
the amount of food waste is substantial in all segments of the supply chain, and secondly that
a considerable part of these losses could be prevented by adequate food supply chain man-
agement.” Subsuming this example, causes of defects are quite specific due to the nature of
the products. However, the reasons why defects amounted to failures cannot be analyzed
based on this example as the level of abstraction precludes this information, wherefore it will
be analyzed in the next example.

Example 2: Vulnerability of processes in food systems

Fraud is a frequent and sensitive issue in the food industry. On the one hand, cases of fraud
are published every year (BWV 2011), and on the other hand, the loss of trust by consumers
may have a significant negative impact on sales and reputation of companies (Luo 2010),
even though the case might have been committed somewhere else in the food supply chain, or
even in other food systems.

One example is the dioxin scandal in Germany at the beginning of 2011. Back then, a pro-
ducer of ingredients for animal feed illicitly mixed its feed fat with fatty acid in order to cut
costs (Brandt et al.). This fatty acid was, according to its supplier, a biodiesel producer, only
dedicated for technical utilization purposes and was found later on to be contaminated with
dioxin (Marquart 2011). Even though the producer effected in 2010 three self monitoring tests,
where the legal threshold for dioxin was breached every time, the contamination of the animal
feed was not reported to the authorities, nor the deliveries to the customers stopped (Brandt et
al. n.d.). In consequence, about 3,000 tonnes of dioxin contaminated feed fat was delivered to
about 25 producers of animal feed in eight federal states in Germany, which led to the con-
tamination of 150,000 tonnes of animal feed (Marquart 2011). After feeding the animal feed
to pigs, chicken and turkey, dioxin contaminated meat and eggs got into the human food chain.

> E.g. Ward (1996) cited in: Cheke & Ward (1998); Engstrom & Carlsson-Kanyama (2004); Nunes, Emond
& Brecht (2006); Vermeulen et al. (2006); Nunes et al. (2009).
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This caused losses of billions of Euro, because several hundred thousand eggs had to be de-
stroyed, consumers avoided buying animal products, and 5.000 farms were temporarily closed
(Der Spiegel n.d.).

That the transaction between the producer of biodiesel and the producer of feed fat has not
been noted, even though the producer was a member of a private quality control system (QS),
has several reasons: first of all, the transaction was effected indirectly through a Dutch trader,
who deals with animal fat as well as fatty acids. This indirect trade obscured the relation be-
tween the two companies, who would normally not work in the same system. Secondly, pro-
ducers of ingredients for animal feed were the first link of the controlled food system, thus no
attention was paid to their suppliers. This means that inadequate products could enter the food
system without notice. Thirdly, the company was audited only once by QS during the year
2010. So, whereas the company was certified as being compliant with QS, little attention was
paid to control this statement.

That the contamination has not been detected earlier is also due to the regulatory structure of
the food sector in general. For example, there is no standardized list of allowed ingredients in
animal feed across Europe (El-Sharif 2011). In consequence, some ingredients might be al-
lowed in some countries, while being forbidden in others. Since supplies can be purchased
worldwide and animal feed supply chains are highly complex with a multitude of actors in-
volved (Marquart 2011), the possibilities to control the entire supply chain by local authorities
and to assure the quality of the end product is limited. Furthermore, according to Brandt et al.,
companies involved in feed production tend to diversify their business and transport units are
also used for other products, the animal feed supply chain is prone to contamination, resulting
in contaminated food destined for human consumption. And finally, up to the dioxin scandal
the audits of the responsible German authorities were mainly concerned with food production
plants and not with animal feed production plants (Brandt et al.).

Thus, even though there are private quality control systems as well as official regulations, au-
dits, and laws in place to assure the innocuousness of human food, the planned flows in the
food system can be breached without notice, resulting in highly vulnerable processes. Fur-
thermore, it is the complex interaction of several defects, which result in the negative shift in
consequences, what Cook, Woods & McDonald (1991, p. 15) call a “going sour incident”.
How critical such failures in food systems can become shows the next example.

Example 3: System failures

An example for a recent food scandal without obvious intentional fraud was the outbreak of
enterohaemorrhagic Escherichia coli (EHEC) in Germany in May 2011. This case represented
a major challenge, not only to German authorities, but also to European ones. First of all, this
was the first outbreak of this particular germ, so very little information regarding its resistance
and behaviour was available. EHEC is a bacterium, which normally resides in the intestinal of
humans and animals, and which can be conferred via contaminated food (BfR 2011). How-
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ever, it was not possible to trace back the source of contamination, where the planned product
flow had been breached. Secondly, the product is part of a multitude of food products, such as
salads (RKI 2011), spices, and food additives (BfR 2011). In consequence, it took a lot of
time and effort to trace back the EHEC infections to their origin.

Within two months, approx. 3.850 people were infected and about 53 patients died (RKI
2011). During several weeks, information on which food product caused the disease as well as
on the origin of the contaminated product varied. After having firstly accused cucumbers from
Spain being the cause of the epidemic, finally fenugreek seed scions from Egypt were identi-
fied as the germ carrier (Kwasniewski 2011). In all, 37 tonnes of potentially contaminated
fenugreek seeds had been exported to Germany and from there been distributed to at least 14
other states (BfR 2011).

The outbreak of EHEC had considerable implications for farmers across Europe, seed pro-
ducers in Egypt, but also for consumers in Germany. European farmers are claiming more
than 210 million Euros of losses, due to the preventive destruction of food products and the
slump in demand of many different kinds of vegetables (Kwasniewski 2011). The European
Union banned all Egyptian seeds as well as beans to prevent further outbreaks and consumers
in Germany were unsettled, not only because of the risk of infection, but also because of the
inferior crisis management and communication by official authorities (Teevs 2011).

The detection of the source of infection was complicated by several factors. First of all, the
product was only causing infections as raw scions, which are frequently used in mixed salads.
The mix of different vegetables from different countries and suppliers made the detection of
the source of infections considerably more difficult. Furthermore, the breeding from a seed to
a scion provided a different end product, which was only in its raw estate damaging to human
health. This implies that products from the same charge may have caused harm to humans or
not, depending on their final state, which is intended to make the food system safe and trans-
parent. Thus, the complexity of the supply chain, caused for example by the number of poten-
tial infection sources, the number of agents involved, the different authorities involved, and
the different processing stages of the product, resulted in the inefficiency of the traceability
system for food products. Hence, food systems can be considered as critical systems, since the
effects of errors can be devastating, even though they differ in form and magnitude.

Synopsis of the Examples

The examples given above highlight the diversity of issues which may occur in supply chains
vital for the society. These concern for instance the type of product affected (animal product
or plant product) and the type and severity of negative outcome (economic losses or health
risk). Nevertheless, the three examples also show some similarities regarding how the failures
evolved. In the FAO study for example, frequent causes for food waste are mentioned. These
failures did not only occur in one food system, but repetitively re-occur in many food systems
all around the world. So, whereas the negative results as well as the causing defects are
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known, these defects are not eliminated. Also the other two cases show some similarities re-
garding the types of defects. In both cases, food products were contaminated, showing a lack
of protection. Additionally, the lack of information collection within the supply chain was a
major contributor to the negative outcome and occurred repetitively, i.e. at more than one
node in the system. So, even though the situation and the system were different from each
other, the same types of defects occurred repetitively.

From what has been learned from other industries, an error committed by one person fre-
quently does not lead directly to a consequential negative outcome. For example, Flin,
O'Connor & Mearns (2002) state that accidents in surgical medicine are frequently due to the
communication and teamwork, thus due to interaction. They also cite an example from the
aviation industry, where a crash could have been prevented, if the pilot would have been in-
formed appropriately by the crew about a technical error. In both cases, the negative outcome
is due to some kind of multi-causal interaction, and is only indirectly caused by the original
technical or human error. However, what all these cases have in common is the negative ef-
fect of errors, which significantly decrease the performance of the system.

In the literature on supply chain management, such failures are also known as supply chain
disruptions (e.g. Wagner & Bode 2008). Disruptions are a phenomenon, which is increasingly
gaining attention in the literature, as will be shown in 2.2.2. As a consequence of such disrup-
tions, the achievement of the main logistics objectives® is imperilled. In the context of food
supply chains for perishables, hence time and temperature sensitive products, the provision of
the right quantity and the right quality of products is directly related to the maintenance of
optimal conditions from farm to fork. Thus, disruptions do not only occur by delaying, de-
stroying or impeding the product and information flow, but also by interrupting the tempera-
ture maintenance, also known as cold chain ruptures (Coton et al. 2011). In consequence, dis-
ruptions may also be caused by failures to maintain surrounding conditions as required.

The occurrence of disruptions can also be seen in the three examples above. In all three cases,
some defects caused destruction or contamination of products, and/or the information flow
was impeded. In the first example, defects in checking products and providing information led
to contamination of products and lack of information flow. This could only be realized as
adequate quality control procedures within the company, but also at its customers were lack-
ing. In the second example, errors led to food wastage due to some kind of wrong handling,
combined with the lack of adequate protection of the product and suitable infrastructure. In
the third example, the contamination of seeds may also only lead to the negative conse-
quences, as apparently suitable quality controls are lacking. Hence, it seems as if the negative
effects of errors are only realized, if their occurrence interacts with some vulnerable organiza-
tion of the processes concerned with the product or information flow, which then leads to the
disruption.

®  The 7Rs of logistics are: right product, right quantity, right quality, right time, right costs, right place, right

knowledge (e.g. Jetzke 2007; Ross 2011).
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In summary, there is a practical need to analyze the occurrence of disruptions in supply chains.
As Chmielewicz (1979) asserts, research is always a combination of theoretical and practical
purposes, wherefore also the relevancy of the research question has to be shown for both per-
spectives. Therefore, section 1.2 will focus on the theoretical relevance.

1.2 Relevance: Theoretical Gaps on Organizational Design and Disruptions

In order to show the theoretical relevance of the research question, the related research in the
fields of failures/disruptions, and organizational design has to be illustrated, to reveal its limi-
tations in explaining the causal relation between the variables. Thereby, the contributions are
structured according to the focus of investigation into three categories, namely organizations
in general, supply chains, and food systems.

Organizational Design

According to Ansoff & Brandenburg (1971), organizational design is the decision making by
companies on their organizational structure under considerations of the organizational strat-
egy and environmental constraints. This contingent optimality of organizational structures has
been taken up in empirical research, but led also to the theoretic stream known as contingency
theory (e.g. Wolf 2008; Kieser & Ebers 2006).

In a comparative analysis of six organizations, Lawrence & Lorsch (1967) tried to assess the
effect of organizational design on economic performance. They come to the conclusion that
those organizations where integration and differentiation of the organizational structure fit the
requirements by their respective environments performed better.

Based on data from 34 medium-sized firms, Gordon & Narayanan (1984) tested whether in-
formation systems and organizational structure are affected by environmental constraints.
They conclude that those companies facing higher environmental uncertainty tend to seek in-
creasingly more information from outside the company, transforming the company structure
more and more into an organic structure. Hence, in these two examples, evidence is found for
the influence by the environmental conditions on the organizational design.

The same can be reasoned for the influence of organizational strategy, as the next two exam-
ples indicate. In an empirical analysis of the effects of the kind of technology used on the or-
ganizational structure, Hickson, Pugh & Pheysey (1969) come to the conclusion that the tech-
nology only has an influence on those organizational variables, which are concerned with the
workflow. The extent of effects was found to differ considerably with different sizes of com-
panies and different ratios of employee-manager relations.

In a survey in the savings and loans industry, Jennings & Seaman (1994) aimed for answering
the question, how the choice of a strategy and structure affects performance of companies.
They found evidence for a better performance if companies chose a static structure when a
defender strategy was followed or a dynamical structure when a prospector strategy was fol-
lowed.
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These findings indicate that firstly, organizational structure depends on constraints, and sec-
ondly, organizational design has an impact on performance. However, the unit of analysis in
this research is mainly a single company. The question, how the organizational design that
includes several companies affects the performance has therewith not been answered, yet.

This topic is part of the supply chain management literature. Wathne & Heide (2004) for in-
stance assess the governance of relationships in supply chain networks of the fashion apparel
industry. Based on transaction cost theory, they build a theoretic framework for how to deal
with uncertainties in vertical relationships. Furthermore, they argue based on network litera-
ture that the need for flexibility or relationship modification of a manufacturer in his relation
to retailers does not only depend on the governance of this relationship, but also on how the
relationship towards its suppliers is designed. In order to allow for flexibility of the arrange-
ments with suppliers, two governance mechanisms were identified: the choice of suppliers
shall be based on formal supplier qualification programs, and the incentive structure shall be
based on long-term gains instead of short-term profit payoffs of potential opportunism. They
come to the conclusion that firstly, relationships and the ability to adapt to uncertainties are
indeed interdependent in larger networks, and that the governance is far more complex, as to
be managed by the two mechanisms identified. Therefore, they call for additional research
into the properties and effects of alternative mechanisms of relationship governance in supply
chain networks.

Fynes, Voss & de Burca (2005) examine the impact of supply chain relationship quality on
quality performance. Based on several theoretical frameworks,’ and different research
streams,® they come to the conclusion that paradigms to explain the nature of supply chain
relationships converge to some common components. These components, namely trust, adap-
tation, communication, dependence and interdependence, commitment and co-operation are
combined to what they refer to as supply chain relationship quality (SCRQ). They come to the
conclusion, that the SCRQ indeed has a positive impact on quality, and that in order to en-
hance it companies should focus on the management of supply chain relationships. Thus, the
kind of relationship was found to have an impact on quality performance, yet based on an
eclectic approach.

The role of organizational design has also been studied in the context of food systems. Loader
(1997) for example bases his analysis on transaction cost theory. He stipulates that the con-
figuration of exchange relationships is determined by the nature of transaction (i.e. standard-
ized, occasional non-standardized, or recurring non-standardized) and the characteristics of
investments (non-dedicated, dedicated, or input characteristics mixed). Based on the two cri-
teria, he differentiates between market-based, trilateral, and bilateral/unified governance of
the exchange relationship. He applies this framework to an international supply chain of fresh
products and comes to the conclusion that due to asset specificity and uncertainty prevalent in

For instance transaction cost theory, political economy theory, and social exchange theory.
Such as relationship marketing, operations management, supply chain management and logistics.
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this supply chain, a vertical integration can be observed. In consequence, the nature or type of
transaction seems to have an effect on the organizational structure of exchange relationships.

The role of asset specificity in the design of food systems has been affirmed by Ménard &
Klein (2004), who compare network designs for different agricultural products. Based on data
from Europe and the US, they observe that during the last century, the production, processing
and distribution of food as been significantly consolidated, even though farming remains a
mainly family-owned business. The structure of the food sector, together with the require-
ments for vertical coordination and quality control has led to a shift away from spot-market
exchanges, to more vertical integration and long-term contracting. However, numerous forms
of vertical coordination exist, which, according to the authors, can be explained by transaction
cost considerations. Food products, which are subjects to mechanization, quality standards,
and physical asset specificity, as well as site and temporal specificity, are controlled more
closely than others. Thus, the degree of processing, the criticality to health, and the product
characteristics such as its perishability all seem to play a role in the design of the food sys-
tems.

However, all these examples are rather concerned with how partners cooperate with each
other on a rather abstract level. The question, how the organizational structure can be related
to the occurrence of disruptions as therewith not been answered, yet.

In summary, the relation between interface design and performance has been studied in detail
in the literature in general, as well as in supply chain management literature, and even in the
context of food systems. However, a connection to the phenomenon of disruptions and sys-
tematic errors is lacking. Furthermore, the analyses mainly remain on a relatively abstract
level and employ case-study research.

System failures

The research on failures has developed as a research discipline of its own, even though up to
now, a discipline-encompassing and thorough illustration of perspectives and results of the
research, as well as a general taxonomy, is lacking (Weingardt 2004). On the organizational
level, different research disciplines analyzed causes for break-downs, catastrophes and acci-
dents (Kletz 1998; Kjellen 2000; Ornitz & Champ 2002; Perrow 2006; Dhillon 2007; Hof-
mann 2008). Perrow (1999) for example analyzes accidents in large scale process plants.
Based on his observations, he comes to the conclusion that accidents happen due to the com-
plexity of interactions and the tight coupling of elements in complex systems. Furthermore, he
acknowledges the impact of systematic barriers and organizational design on the creation of
poor performance in complex systems, such as air transport systems or marine transport sys-
tems.

Dérner (1992) comes to a similar conclusion in his analysis of a reactor catastrophe. Addi-
tionally, he stresses the fact that the explosion was not due to only one defect, but due to a
series of interconnected errors. He argues that the unintended secondary effects of actions
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were not observable and that their joint occurrence led to a chain reaction of wrong decisions
and system changes, which finally resulted in the catastrophe.

In the analysis of major oil spills and resulting natural catastrophes, Ornitz & Champ (2002)
estimate that in the end about 80% of these spills were due to human error. However, as root
cause, they also name other causes, such as lack of maintenance of ships, lack of training, and
reduction of workforce. Hence, human errors have been found to be the ultimate cause of such
catastrophes, but their occurrence was already inherent in the systems.

The human factor is also widely studied and centralized around the study of human beings
and their interaction with products, environments, and equipment in performing tasks and ac-
tivities (Czaja & Nair 2006). Research is based on a multidisciplinary approach comprising
psychology, engineering, information science, social science and economics (Badke-Schaub,
Hofinger & Lauche 2008). Since this field of research encompasses many different disciplines,
in the following some aspects from different fields will be highlighted.

A person-focused approach to explain errors and consequential failures originates from psy-
chology (Reason 1995). In cognitive psychology, many errors are explained by the wrong re-
trieval of information, which has been obtained earlier, and which had been stored in the sub-
conscious till it is needed. Since experiences and knowledge are not stored exactly as they are,
friction losses occur which might lead to wrong actions when, based on this information, ac-
tivities are executed later in time (Spencer 2000). Human errors are also analyzed for example
in the error-mode-and-effect-analysis, which classifies human errors into: errors related to
learning and adaptation, interference among competing cognitive control structures, lack of
resources, and intrinsic human variability (Rasmussen & Vicente 1989). In the context of hu-
man errors, the systematic occurrence has been already observed as early as 1926, when
Weimer (1926) stated that errors are not random, but are indicators for more deeply rooted
defects. Hence, even though the human being is the one to commit an error, systematic errors
do have a causal explanation.

Errors are also closely investigated in engineering for the optimal design of human-machine
interfaces (e.g. Vicente & Rasmussen 1992; Vicente 2002; Wilson 2000). For example, in the
air flight industry, human errors in cockpits have been studied closely in order to prevent ac-
cidents. Klinect, Wilhelm & Helmreich (1999) for instance analyzed data from the Line Op-
erations Safety Audits (LOSA) of different airlines and divide errors of flight crews into in-
tentional non-compliance, procedural errors, communication errors, proficiency errors and
operational decision errors. They come to the conclusion that not all errors result in conse-
quential negative outcomes, that they have different frequencies of occurrence, and that dif-
ferent airlines tend to be unequally exposed to errors. Thus, the amount and magnitude of
causes of errors seems to depend on the specific organization, resulting in different degrees of
susceptibility to errors. Furthermore, even though errors were committed by people, the data
revealed different levels of vulnerability, hence the extent of damage caused by errors. These
findings support the argument of other authors, who argue that the underlying system struc-
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ture should be designed in such a way, as to prevent the negative outcome of human errors
(Rasmussen & Vicente 1989; Reason 2000; Thomeczek & Ollenschliager 2006).

According to Reason (1990), a person’s active failure only results in a negative outcome, if
the system design, consisting of the layers humans, technologies and organization, are ar-
ranged in such a way that latent error provoking conditions of all three components overlap
each other so that all safety mechanisms fail. This so-called Swiss cheese model has been ap-
plied to many different systems, such as in anaesthesia, nuclear power plants or air traffic
control centres (e.g. Reason 2000; Grube, Schaper & Graf 2002). Reason (1997) comes to the
conclusion that an effective safety culture needs to be based on reports, fairness, flexibility
and a willingness to learn.

The importance of system’s design for the occurrence of human errors is also supported by
other authors. For example, Dorner (1992) presents some simulation cases, in which the be-
haviour and decision making of testing groups during the management of fictive villages was
analyzed. He observes that errors in the decision making of humans were mainly caused by
the inability to capture the complex interactions of causal relations, and the neglect of signs
which were indicating effects that did not fit the assumptions of participants on causal rela-
tions. Hence, error prevention involves a temporal dimension, namely to learn from past er-
rors and to use this knowledge for an active error prevention and mitigation of effects. Fur-
thermore, human error and system defects seem to reinforce each other and jointly lead to
failures. Therefore, also both should be considered in the analysis of failures.

In the area of supply chain management research, interest in failures or, more specifically,
disruptions is still relatively young but on the rise, as can be seen in Figure 2.
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Figure 2: Evolution of publications on supply chain disruptions
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Source 2: own illustration; for further details on the review see section 2.2

According to Stevens (1989), who investigates supply chains in the manufacturing industry,
the scope of a supply chain begins at the source of supply and ends at the final point of con-
sumption. It comprises not only the physical movement of goods, but also relates to other ac-
tivities, like supplier management, purchasing, materials management, customer service and
information flow. Furthermore, Stevens points out that all these activities are interdependent
and that if one of them fails, the supply chain is disrupted, which creates poor performance
and jeopardizes the effectiveness of the supply chain. In order to avoid such disruptions he
suggest that the partners in the supply chain should work together in a closely manner, to cre-
ate an integrated supply chain.

This view on supply chain disruptions and solutions is also issued by Geary, Childerhouse &
Towill (2002, p. 53) who aim for “the seamless supply chain”, which is constituted by a per-
fect flow of information and materials, and all supply chain partners thinking and acting as
one single entity. Based on their research on supply chains in the automotive industry, they
come to the conclusion that safety mechanisms have to be established to protect the supply
chain. These safety mechanisms are ultimately trying to tackle the uncertainty related to po-
tential disruptions. In order to reduce uncertainty in the areas of process, demand, supply, and
control, supply chain partners shall strive for the integration of the entire supply chain.

Based on a cross-sector empirical study and on systems theory, Peck (2005) argues that in or-
der to reduce the vulnerability of a supply chain to risks, functional goals of supply chain
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management have to be linked to decisions on the organizational design and business strategy.
She cites many causes for supply chain disruptions, stemming from company-specific, supply
chain specific or industry specific sources. However, the understanding of disruptions is again
reduced to a disruption in supply, without considering any other kind of disruptions, and
without any further harmful effects outside of the companies in the supply chain.

While the understanding of supply chain disruptions from the sources above is still more re-
lated to balancing supply and demand, other authors are explicitly addressing the possible in-
tervention of some external incidences or operational contingencies as causes for supply chain
disruptions. Paul (2008) for instance names as causes for supply chain disruptions three major
classes of risks, being operational contingencies such as equipment failures, natural hazards,
and terrorism or political instability. He suggests that in order to manage these risks managers
first need to identify the vulnerabilities of their company.” However, given the aim to derive
general assumptions on causal relations, the focus will be narrowed down to a specific indus-
try to learn more about its vulnerabilities do disruptions.

A meta-analysis of research on causes for disruptions by Hiilsmann & Brenner (2011) reveals
many contributions dealing with disruptions in temperature-sensitive food supply chains.
These papers indicate that disruptions occur quite often in cold chains, and that their negative
effects are substantial. Thereby, the lack of transparency, a multitude of actors along the sup-
ply chain and differing requirements by products, but also by regulations are frequently cited
system defects causing disruptions. At the same time, the lack of staff, lack of education of
staff and carelessness by employees is frequently cited as human errors causing disruptions.
However, they mostly report results of case studies and do not analyze in detail the causal re-
lations between the disruption and the cited errors causing this disruption.

Nevertheless, many authors confirm the important role of the supply chain design and espe-
cially of the interfaces in the diminution of disruptions in the information, product and tem-
perature flows. Examples for disruptions at interfaces are for instance the exposure of fruits
and vegetables to ambient temperatures during loading and unloading, or the delay of infor-
mation forwarding to the customer. Such delays or the refusal of information forwarding has
also been observed in the examples above, while the loading process has also been mentioned
as cause of disruptions by Gustavsson et al. (2011).

In summary, the interdependence between system design and the occurrence of failures has
been recognized in the literature. Also disruptions are an important topic and their reasons
have been investigated in many different settings. The role of interface design as a contribut-
ing factor to disruptions is also acknowledged. This includes for instance tight coupling of
processes, complex interactions, and uncertainty during decision making. However, research
on disruptions seems to either focus on a specific case, where insights are gained on the actual
evolvement of one disruption. Or research is on a very abstract level, where generic insights

For a detailed overview on understandings of disruptions see section 2.2.2.
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are gained, yet where the process remains a black box. Therewith, no general causal relations
between the interface design and the occurrence of disruptions can be deduced.

According to Chmielewicz (1979), information content of research results varies in two as-
pects, namely regarding the universality of statements, and their precision. There are therefore
two options to increase information content of research, either by increasing the universality
of statements, or by increasing their preciseness. Trying to increase both at the same time will
is however limited, as therewith also the risk of false statements rises (Chmielewicz 1979). In
the case of failure research in general, already a wide body of insights has been gained, which
are generic and explain the evolvement of failures. However, in this case, a single company or
even department or team stands in the focus of research, which might be more homogenous in
the set of rules as when transaction partners are evolved. Hence, an extension of analysis re-
garding interaction effects is currently still required, to be able to explain failures in more set-
tings. Therefore, this research will try to bridge the gap between case study-based precision of
causes for failures, and general applicability of insights on optimality of organizational design.

Therefore, there is a need to identify, describe and explain causal relations between in-
terface designs and the occurrence of disruptions in supply chains and to show starting
points for their improvement.

An overview on contributions in the related research areas, and the identified research gap can
be found in Figure 3.
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Figure 3: Overview on relevant literature and current research gaps
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1.3 Aims: Explaining the Occurrence of Disruptions Based on Organizational Design

As has been highlighted in the previous sections, the susceptibility of supply chains to disrup-
tions seems to differ depending on their configuration, indicating potential for a reduction of
disruptions. Nevertheless, up to now, research on disruptions and their causes in temperature-
sensitive supply chains, such as food chains is scarce.'” Therefore, based on the assumptions
stipulated in section 1, the overarching objective of this thesis is to identify, describe and ex-
plain causes of disruptions at interfaces for the example of cold chains.

According to Bea & Haas 2001, scientific research in the field of business economics has the
purpose to develop tools that help to describe, explain and design companies in the context of

' See section 2.2 and 2.3.
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their environment. Following this understanding, the overarching objective of this thesis can
be divided into descriptive, analytic and pragmatic sub-objectives."’

Descriptive Objectives

Before starting to analyze potential causal relations, first of all, the real-world phenomena
have to be defined, and their major characteristics described, to unambiguously link these
phenomena to the terms used in research (Chmielewicz 1979). Therefore, the elements of in-
terface design (i.e. constraints and structure) and disruptions have to be defined and described
for the subsequent use. Additionally, the descriptive objectives include the dimensional analy-
sis of research objects, which can be used to narrow down the focus on relevant aspects and
the comparison of effects (Kromrey 2009). Hence, the main variables will be decomposed to
gather further insights on their interlocking and resulting changes in the overall construct.
Thereby, disruptions will be further specified to ensure unambiguous identification of the
phenomenon compared to similar constructs, and will therefore also be concretized in an in-
dustry-specific context, namely in food supply chains.

Analytic Objectives

The analytic objective is to explain causal relations between the design of interfaces and the
occurrence of disruptions in supply chains. Therefore, it has to be analyzed how interfaces are
designed by partners in the supply chain, how the resulting interface structure affects the sus-
ceptibility to errors and defects, and how these errors may lead to supply chain disruptions.
As a case of illustration and to gain more insights on the phenomenon of disruptions, the spe-
cific context of food supply chains will be used to explore causal relations.

This implies that first of all, the constraints under which partners agree on an interface struc-
ture are analyzed regarding their impact on the resulting interface structure. Secondly, this
implies that the effect of this interface structure on disruptions is analyzed. The causal rela-
tions will be integrated in a causal model, based on the chain of argumentation. In order to
build the structural equation model, the causal models will be combined with the measuring
models of the relevant dimensions identified for each variable. The achievement of these ob-
jectives will show whether there are any causal relations between the elements and how the
elements affect each other. This helps to understand how different interface designs may en-
hance or reduce the occurrence of different types of disruptions.

Pragmatic Objectives

The pragmatic objective is to derive suggestions on how to design interfaces in such a way
that disruptions can be prevented and/or mitigated. Therewith, a decision basis shall be pro-
vided for the management of supply chains, to support the design of robust processes and to
avoid preventable waste. Furthermore, a tool shall be developed which allows the measure-

""" For other differentiations of the scientific research objectives, see e.g. Chmielewicz (1979); Kosiol (1964);

Hill, Fehlbaum & Ulrich (1994).



18 Introduction

ment of disruptions in supply chains, to identify disruptions, but also to measure the effects of
changes in the interface design on supply chain performance. Thus, this thesis shall facilitate
the identification, monitoring, and controlling of disruptions in supply chains and the choice
of the adequate interface design. Wherever possible, reference will be made to a specific type
of supply chain, namely cold chains, to derive more precise statements and assure applicabil-
ity of results.

1.4 Proceeding: Theories, Terminology, Research Methods and Outline

The structure of this thesis is based on the previously defined descriptive, analytical and
pragmatic objectives. In the following, the tasks and methods for each section will be pre-
sented and explained. An overview on the structure of the thesis and the functional tasks and
purposes of each section can be found in Figure 4.

Figure 4: Course of research followed in this thesis

Task Purpose
Section 1: = Specificationofthe Topic
Intro ducti(;n = Illustration ofthe Relevancy Overview on the Thesis
= Presentation ofthe Proceeding
Section 2: = Literature Review on Disruptions = Terminological & Taxonomical
Pec Loln . = Provision of Definition, Classification, & Measurement Framework for Disruptions
roblem Tool for Disruptions = Identification of Research Gap
Section 3: = Provision of Theoretic & Conceptual Organizational = Terminological Framework for
Solution Background Interface Design
Approach = Deduction of Hypotheses & Combination = Two-Tier Causal Model
Section 4: = Operationalization ofthe Structural Equation Model = Validation of Measurements
Discussion = Pre-tests & Execution ofthe Main Survey = Validation of Hypotheses
Section 5: = Discussion of Contributions & Limitations Summary & Outlook
Conclusion = Identification of Future Research Opportunities Y

The thesis will be structured in five main sections. In section 1, an overview on the topic is
provided. This includes the introduction to the topic, the illustration of the relevancy, and the
structure of the sections. The fundamental basis of research in this thesis is the ontological
imperative, which follows the critical rationalism stipulated by Popper (1973). According to
Chmielewicz (1979), the purpose of theoretic sciences is to derive general statements and
rules with a maximal area of validity. With reference to Popper, he states that the transfer-
ence of inductive statements from a specific context to general relationships bears the risk of
premature judgment and is therefore not a logically created conclusion, but only a situation-
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specific statement, which has to be tested regarding its applicability to a general circumstance.
Therefore, the only way to approach the truth is to falsify hypotheses which intent to state
general causal relations (Chmielewicz 1979).

Section 2 will be focused around the introduction of the terminological and taxonomical
bases and the identification of the research gap to investigate causal relationships between
designs of interfaces, interface structure, and disruptions in (food) supply chains. Section 2.1
will give an overview about the content, objectives, and structure of section 2. Section 2.2
will depict the status-quo of research on disruptions and lay the terminological foundations on
which this thesis is based. In section 2.3, the phenomenon of disruptions will be further scru-
tinized regarding typologies of disruptions encountered in the literature, and a framework for
the classification of disruptions developed. This framework is required for the systematic de-
composition of disruptions and the deduction of hypotheses on causal relations between inter-
face design and types of disruptions. In section 2.4, this descriptive basis will be used to de-
velop a tool for the measurement of disruptions. The intention thereby is to bridge the gap be-
tween a systematic, conceptual identification of disruptions and their actual measurement in
practice. In section 2.5, the literature review will be extended regarding findings on causes of
disruptions in general, and in food supply chains in particular to identify the research gap and
starting points for analysis. Finally, section 2.6 summarizes the contributions of section 2 to
the achievement of the overall research objective.

In section 3, the role of interface design as cause of disruptions is put into focus. Firstly, sec-
tion 3.1 provides an overview on the section, its structure and the objectives followed. In sec-
tion 3.2, the theoretical foundation of the thesis will be deduced and illustrated. The assump-
tions of new institutional economics will be used to explain and compare different designs of
interfaces. The focus of decision theory in turn is the individual, and can be used to explain
the occurrence of errors, which result in inferior process performance. In section 3.3 the con-
cept of interface structure is depicted theoretically and conceptually, to provide a systematic
basis for the following deduction of hypotheses. To this purpose, the understanding of organ-
izational design, organizational structure and of interfaces will be illustrated. From manage-
ment theory, a methodology for the description and differentiation of organizational designs
will be selected and adapted to the designs of interfaces in supply chains. Section 3.4 aims at
the deduction of causal relationships between interface designs and disruptions in supply
chains. The creation of hypotheses will be based on the theoretical approaches presented in
section 3.2 and the literature review in section 2.5. By analyzing the potential causal relation-
ships between different elements of interface design and the occurrence of disruptions, it shall
be understood, how different design options in combination with different transaction types
affect the susceptibility of supply chains to disruptions. Section 3.5 will aggregate the find-
ings of the previous sections and combine the hypotheses in a two-tier structural equation
model. Therewith, the empirical analysis of causal relations between interface design and dis-
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ruptions will be prepared and the results of all previous sections condensed. Section 3.6
summarizes the findings of the third section.

The fourth section aims at the empirical testing and validation of the hypotheses, as well as
the modification of the structural equation model for further research. Therewith, section 4
intents to satisfy the empirical-analytic and pragmatic objectives of this thesis. Section 4.1
again provides an overview on the structure of the following sections and the topics to be dis-
cussed. Then, in section 4.2, different options for the testing and validation will be presented
and, based on previously established criteria, the most appropriate method selected. Further-
more, the elements of interface design and disruptions will be operationalized taking into ac-
count the method selected. Section 4.3 describes the empirical analyses to be carried out,
which involves firstly, pretesting and adaptation of indicators in expert panels, and secondly
the main survey. In section 4.4, the data of the main investigation will be illustrated and
summarized, to provide an overview on the sample and descriptive results. Based on analyti-
cal statistics, the causal relations will in turn be discussed in section4.5, where falsified hy-
potheses will be eliminated from the causal explanation model and the model adapted. Finally,
section 4.6 summarizes the results and findings of section 4.

Section 5 is dedicated to the critical reflection of the thesis. In section 5.1, the main findings
of the thesis will be illustrated and summarized, to provide an overview on the contributions
to research on supply chain disruptions. Section 5.2 in turn provides a critical reflection of
this thesis, by depicting the limitations regarding proceeding and results. This is followed in
section 5.3 by theoretical and practical implications of the findings. Recommendations for the
design of interfaces will be derived depending on different purposes. Finally, in section 5.4,
based on findings and limitations, starting points for future research will be derived. A sum-
mary of the aims, methods, and theories of this thesis can be found in Figure 5.

Figure 5: Theories and methods applied in this thesis

Aims Descriptive Aim Analytic Aim Pragmatic Aim

Transaction Cost Theory

Theoretic Foundation L L
u Descriptive Decision Theory

= Literature Reviews = Structural Equation » Statistical Analyses
Methodology = Modells of Strategic Modelling * Scenario Techn)i/ e
Management = Expert Panels & Surveys 4
. . Validated Causal Recommendations for
. Terminological and . .
Primary Results X Explanation of Prevention of
Taxonomical Framework . . . .
Disruptions Disruptions




2 Phenomena of Disruptions in Supply Chains
2.1 Introduction to the Section

The research process in social sciences firstly requires the specification of the research subject
and the development of a conceptual system (e.g. Chmielewicz 1979; Hill, Fehlbaum & Ul-
rich 1994; Kromrey 2009). This includes according to Kromrey (2009) a specification of
terms by a semantic and a dimensional analysis, the elaboration of the status of research re-
lated to these terms, as well as related to potential causal relations. Therefore, in section 2, a
deeper understanding of disruptions in general and supply chain disruptions in particular shall
be provided. Based on the understanding to be developed, the focus will be narrowed down
afterwards to the identification and analysis of causes of disruptions in food supply chains.
How these research objectives will be pursued is depicted in the following paragraphs.

Firstly, the term “disruption” has to be specified and distinguished from similar concepts, to
concretize the research focus. Therefore, section 2.2 creates first of all the terminological ba-
sis by a semantic analysis. Section 2.2.1 aims at the specification of the understanding of dis-
ruptions, which currently still diverges considerably not only regarding content, but also re-
garding terms used. Because of this variation, not only the term “disruption” will be analyzed,
but also the term “rupture”, as both terms find application in the literature and partly are used
to describe the same phenomena. Based on the semantic analysis of the terms rupture and dis-
ruptions in research disciplines such as medicine, physics, and sociology, the understanding
and terminology used in the rest of this thesis is chosen, to avoid confusion with similar con-
structs from other disciplines. Apart from the specifying the understanding of disruptions
based on the research discipline, in section 2.2.2, the focus is narrowed down to the actual re-
search field. The status-quo of research concerned with disruptions in supply chains is illus-
trated, to provide an overview on already existing insights on causal relationships, as well as
on common understandings of disruptions in this context. Thereby, not only encountered
definitions will be depicted and compared, but also their conformity with requirements of phi-
losophy of science analyzed, to assess their suitability and explanatory power for the purpose
of this thesis. Based on the previous considerations, section 2.2.3 develops an own under-
standing and definition of disruptions in supply chains. Thereby, quality criteria of philosophy
of science will be considered as well as the previously illustrated definitions, to increase its
explanatory power as well as convenience for purpose. Therewith, assertiveness of the defini-
tion as demanded by Chmielewicz (1979) shall be increased.

However, before being able to develop hypotheses on causal relations, the semantic analysis
of disruptions has to be followed by a dimensional analysis, to understand the construct in its
entirety (Kromrey 2009). Therefore, the construct disruption is decomposed into its elements
and related dimensions, which can then be used to build typologies of disruptions, to facilitate
the deduction of hypotheses (Hill, Fehlbaum & Ulrich 1994). Current literature on disruptions
in supply chains identified or mentions implicitly different dimensions of reality, which are
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part of disruptions. For the empirical analysis of disruptions it is important, which dimensions
are involved, to what extent these dimensions can be grouped, or whether they need consid-
eration by choosing specific indicators (Kromrey 2009). Therefore, the dimensional analysis
and construction of typologies is the purpose of section 2.3.

To this purpose, section 2.3.1 will provide the dimensional analysis of supply chain disrup-
tions. Therewith relevant dimensions of reality shall be illustrated, the construct decomposed,
and causal connections between dimensions identified. Section 2.3.2 will asses already exist-
ing typologies of disruptions encountered in the literature review. Such typologies may help
to describe conditions for the validity of stipulated hypotheses in a shortened form (Hill,
Fehlbaum & Ulrich 1994). Based on the deficits of typologies of disruptions encountered in
the literature, in section 2.3.3, a terminological decomposition of supply chain disruptions will
be executed, which aims at a complete and comprehensive decomposition of the construct.
Based on the hitherto developed understanding of disruptions, their semantic content, dimen-
sional characteristics and causal relations, a systematic classification will be developed, which
is conceptual and multidimensional in nature. In order to identify and measure empirically
occurring disruptions with statistical analyses however, quantitative indicators have to be at-
tributed to the different theoretical categories (Bailey 1994). Therefore, this conceptual classi-
fication has to be integrated in a tool for the systematic operationalization of indicators and
measurement of disruptions.

This tool will be developed in section 2.4 and serves as a starting point for the identification
and development of indicators for disruptions in food supply chains. Section 2.4.1 provides
the logical basis, on which the tool can be developed under consideration of the definition and
prevalent dimensions of disruptions. At the end of this section, a framework will be offered,
which allows for a systematic deduction of indicators for disruptions in food supply chains.
How these indicators can be developed is part of section 2.4.2. In this section, specifications
will be made based on the terminological decomposition of disruptions from section 2.3.3, for
the deduction and prioritization of indicators. Therewith, the abstract phenomenon is already
concretized, but still lacks rules for operationalization, which is done in section 2.4.3. In order
to increase its general usability, a guideline for the deduction of indicators and measures will
be developed. At the end of this section, a scoring model will be provided which may help to
analyze disruptions in food supply chains.

However, before starting the analysis, the status-quo of research on causal explanations of
disruptions in supply chains has to be depicted, to avoid redundancies and facilitate the con-
cretization of the research question. Therefore, section 2.5 is concerned with depicting the
status-quo of research on potential causal relationships of disruptions. To this purpose, section
2.5.1 will depict firstly the status of research on causes and effects of disruptions in supply
chains, to identify already empirically tested causes of disruptions for the use in subsequent
investigations, and to avoid redundancies. Therewith, the preliminary understanding of causes
of disruptions shall be enhanced, assumptions on causal relationships reconsidered, and the
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research gap outlined. The research field will be further concretized in section 2.5.2. There-
fore, an overview on characteristics of food supply chains in general, as well as on challenges
reported in the literature will be provided, to identify potential starting points of analysis. Fur-
thermore, the objective is thereby to deepen the understanding in the context of this thesis, as
well as its practical relevancy. This end is further pursued in section 2.5.3, which will high-
light potential causes of disruptions in food supply chains. Based on a content analysis of the
status-quo of research in food supply chains, insights will be grouped schematically into dif-
ferent aspects of supply chains, to identify core areas of potential causes. Therewith, starting
points for the development of hypotheses on causes of disruptions shall be provided.

Finally, section 2.5 summarizes the findings of section 2, giving a short overview on tasks and
results of each section. Based on these terminological and conceptual results, section 3 can
then start to pursue the analytical objectives of this thesis.

2.2 Deficits in Understandings and Definitions of Disruptions
2.2.1 Untangling “Ruptures” and “Disruptions”

The purpose of this section is to provide an overview on use of the terms disruptions and rup-
tures in general. Therewith, a better understanding of the phenomenon and its theoretical con-
text shall be achieved, which is indispensable for a subsequent empirical testing of hypotheses
(Kromrey 2009). The reason why both terms will be investigated is that with reference to cold
chains, industrial associations as well as official authorities'? use the expression “cold chain
rupture”, whereas in the general supply chain literature, the term “supply chain disruption” is
used (see section 2.2.2). Since this thesis will focus on the intersection between both research
fields, both terms will be included to avoid the omission of important aspects.

For the collection of relevant literature, the database Business Source Premier by EBSCO has
been chosen, since it is used in business-related industries and research in such fields as mar-
keting, finance, management, accounting and economics and offers more than 2,300 journals,
of which 1,100 are peer-reviewed (Oulanov 2008). In order to assure that the papers consid-
ered dispose a certain quality, only those papers were considered, which were published in
academic peer-reviewed journals.

The search for the term “rupture” yielded 296 results, whereas for “disruption”, 1,405 results
were found. For the review of the terms in general, the first 150" search results on each term
have been assessed regarding the understanding and contextual embeddedness of the phe-
nomenon. Additionally, for the review of disruptions and ruptures in a supply chain manage-
ment context, the database Google Scholar has been used to double check and extent the re-
sults obtained in Business Source Premier. Out of the 1,405 results on disruptions in Business

E.g. Cool Chain Association (www.coolchain.org) or reports in the European Commission’s database
RASFF (http://ec.europa.eu/food/food/rapidalert/index_en.htm).

This threshold assures that at least 10% of the publications encountered have been included in the general
overview on the terms.
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Source Premier, 113 dealt with the phenomenon in a supply chain context and were therefore
assessed in detail. In Google Scholar, 84 additional papers were identified of which 60 were
included in the review after deletion of duplicates. An overview on the findings will be pro-
vided in the next paragraphs, as well as in sections 2.2.2 and 2.5.1.

The first time when the term “disruption” in Business Source Premier was mentioned dates
back to 1938, when it was used to describe family disintegration processes. Mowrer (1938)
understands a disruption as being the climax of a conflict between family members, when a
drastic change becomes inevitable, such as a divorce. Furthermore, he notes that up to the
point of a disruption, even though existing, the conflict might be ignored. In the following
years, the term has been repeatedly used to describe social disintegration, either in the con-
texts of communities, or families (Elliott 1941), societies as a whole (Buckley 1958), or habits
and status (Holt 1940). Thereby, the discontinuous character of disruptions has been high-
lighted, with conflicts or changes evolving over time up to the point of no return.

The abstract nature of disruptions is also highlighted in other application fields. For example,
in psychology it often means the disturbance of a train of thought or of the execution of a task
by background noises or irrelevant speech, which has been a widely studied phenomenon (e.g.
Banbury & Berry 1998; Larsen & Baddeley 2003; Bridges & Jones 1996; Jones, Macken &
Mosdell 1997; MaCken et al. 1999). Instead of disrupting the link between two or more dif-
ferent elements however, these disruptions take place internally in a human being. Thus, the
disruption occurs in cognitive processes caused by some external stimuli.

In the area of ecology, a disruption is concerned with pollution and depletion of natural re-
sources, which lead to considerable changes of the environment (e.g. Embrey, Remais & Hess
2012; Driesen & Popp 2010; Leontief 1977). Again, the lack of some kind of resources is
stressed, which is caused by complex interactions of multiple and diverse reasons. The cause
and its effect may thereby be temporally and spatially apart, so that it might not be clear what
caused the observed negative effect.

A variety of applications can be found in fields of study concerned with economics and man-
agement. For instance, “disruption” describes the introduction of an innovative technology in
the market, which leads to substantial adjustments of this market (e.g. Cochran, Patz & Rowe
1978; Ash & Smith-Daniels 2004). Lam et al. (2010, p. 128) for instance define market dis-
ruptions as “major events occurring in the market that threaten customer—brand relation-
ships”. However, not in every case, such a disruption is necessarily understood as something
negative, but also as a creative process, an entrepreneurial ability, and as the start of some-
thing new (Vedres & Stark 2010). Therewith, a disruption is understood as an important and
necessary event to foster evolution of markets and becomes similar to the creative destruction
that is at the core of the theory of economic development by Schumpeter (1947). Nevertheless,
it implies substantial adaptation and re-alignment of strategies and production plans to a new
situation and may result in concurrency (Cochran, Patz & Rowe 1978) or competitive advan-
tage (Vedres & Stark 2010).
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In international trade, the use of the term is related to the termination of supply of critical re-
sources (e.g. petrol, copper, etc.) between states or regions (e.g. Glick & Taylor 2010;
Lindsey 1989; Dean 1995), which can again be linked to the depletion of resources in ecology.
However, in this case, not only commercial interests play a role, but also political factors
(Glick & Taylor 2010), whereby the termination of supply is not seen as the final effect, but
as a side effect or as a mean to achieve another ultimate goal. Thereby, the complexity and
need for contextual interpretation of disruptions is stressed.

Closely related to international trade is the topic field of finance, where a disruption is for ex-
ample understood as periodic misalignments of price and income, stressing its potentially re-
peated occurrence (Nourse 1960). Its unintended nature is additionally stressed by Williamson
(1945), who uses the term to describe economic crises in the United States caused by bank
failures and lacking governmental control of banks. He stresses thereby the complexity and
multi-causality of what he terms “serious disruption of economic affairs” (Williamson 1945,
p. 217). These two examples understand disruptions as a temporal lack of purchasing power,
either by increase of prices or loss of capital due to multiple causes and their complex interac-

. 14
tions.

One last example stems from the literature on construction claims (e.g. Ibbs & Liu 2005; Nor-
fleet 2005; Braimah & Ndekugri 2006). Here, disruption claims occur, if during the construc-
tion process, the plans are changed by the customer, so that the constructor has to change the
planned workflow, which results in additional costs. Frequently, those costs are substantially
higher than the directly change-related costs, difficult to estimate and to trace for external par-
ties. In this context, “disruption” is understood similarly to “ripple effects”, “knock-on im-
pacts”,
Reichelt & Moore 2004, p. 1). Again, the difficulty to identify causes for a disruption be-
comes obvious, as well as the limited control over its inducing events, and its process charac-

”

secondary effects”, “impact on unchanged work”, and “lost productivity” (Cooper,

teristics.

In summary of the literature depicted above, a disruption seems to involve multiple causes,
which cannot necessarily be identified as such, as firstly, their complex interaction causes the
disruption, and/or secondly, they occur at remote places, and/or thirdly with a considerable
time span in between. This highlights the abstract nature of disruptions, as well as the need for
at least two elements, which are involved in some kind of relationship. Additionally, a disrup-
tion and its causes might only be observable ex-post. Furthermore, the causes might not be in
control of those experiencing the disruption, which is in the majority of cases a negative and
substantial effect. The question arising is now, whether the term “rupture” is similarly used,
which is analyzed next.

4" A similar understanding can be found for example in Hall (1997), Moskow (2000), Elifoglu, Fitzsimons &

Lange (2010), and Sufian & Habibullah (2012).
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In comparison to the term “disruption”, the first mentioning of the term “rupture” in the litera-
ture provided by Business Source Premier was later, namely in 1953. Also this term is applied
in an abstract context, namely discontinuity of evolutionary processes (Geiger 1953). The au-
thor argues that any event is always embedded in a multitude of causes on the one hand and
being a cause itself for future events on the other hand. Additionally, it is used in relation with
economic structure, to describe the growing inadequacy of a traditional market organization
to new requirements, (Lodge 1966) or the end of an economic union between two countries
(Moes 1966). Comparing the two terms, it can be noted that both terms are used in similar
contexts (social and economic ones), and describe the same type of events. Thus, it seems as
if their meaning coincides. However, later on the meanings of both terms begin to differenti-
ate more.

“Rupture” is used frequently in medicine, where it describes the bursting of a structure, such
as an aneurysm (e.g. Chien et al. 2008; Helderman et al. 2008; Neugebauer et al. 2009). Again,
the term is used to describe a negative outcome, but yet its occurrence can be predicted more
easily, as the existence of the aneurysm can be taken as an indicator.

Another prominent application of the term is in mechanics, where it is used to describe how a
material bursts under the influence of mechanical pressure (e.g. Yang Zhang & Zhiming Yu
2011; Gupta, Yan & Feng 2011; Olorunnisola, Pitman & Mansfield-William 2005). Many
papers have been written on the “modulus of rupture” (MOR), which seems to be an estab-
lished term on its own (e.g. Mao, Shi & Steele 2011; Yafang Yin et al. 2011; Dian-Qing Yang,
Xiang-Ming Wang & Hui Wan 2010; Juwan Jin & Chunping Dai 2010; Hegazy & Aref 2010).
To test the elasticity of materials, they are exposed to static bending till the point of rupture of
the material (Ayarkwa, Hirashima & Sasaki 2001). In contrast to the hitherto developed un-
derstanding of disruptions, such ruptures are thus purposefully induced under controlled con-
ditions and their causes can be identified and quantified.

Nevertheless, also in sociology the term is still frequently used, when certain historically
grown social structures are substantially changed (e.g. Palazuelos & Garcia 2008; Waldheim
& Berger 2008; Young 2002). However, in the case of ruptures, the structural perspective
seems to play a larger role than the process-related perspective.

Comparing the use of both terms, a “rupture”, at least in its application in medicine and me-
chanics, seems to be more an observable event at a determined point in time, where by force
and external pressure, a structure is changed in such a way that it cannot return to its previous
form. The causal relationships as well as the effects seem to be clearer, with fewer directly
influencing parameters. The specification of these parameters can be measured more easily, as
for example the amount of force necessary to break lumber (e.g. Cheng Piao & Groom 2010;
Lebow, Lebow & Nelson 2010). However, when the term is used in sociological contexts,
these characteristics do not apply anymore and it becomes more similar to the use of “disrup-
tion”.
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The following figure shall illustrate the perceived similarities and differences between the use
of the two terms and their meanings.

Figure 6: Interpretations of disruption and rupture based on the literature review
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In sum of the first and second part of the literature review, a complete separation of the two
terms is not possible, since the term “rupture” as used in sociology seems to imply the same
as “disruption”. The reason why in the case of cold chains the term “rupture” prevails at least
in some parts of the literature, could be that a cold chain rupture is observable and measurable
(e.g. by temperature tags), which makes it more tangible than a “disruption” in social systems.
Furthermore, a cold chain rupture involves the exchange of cold and warm air, which is sub-
ject to the laws of thermodynamics. These laws are closely associated with statistical mechan-
ics (e.g. Ramsey 1956; Lubliner 1972; Curado & Tsallis 1991), which in turn, and as illus-
trated above, refer to “ruptures” when something is broken instead of “disruptions”.

However, whereas in cold chains the term is used, the two databases revealed no mentioning
of the term “rupture” in the context of the literature on supply chains or production systems in
general. Since both terms are used interchangeably in certain contexts, and since cold chains
can be seen as a specific type of supply chains, a cold chain rupture is therefore understood as
being one special case of supply chain disruptions. Therefore, the following paragraphs will
only focus on disruptions of supply chains and production systems.
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2.2.2  Contextual Shortcomings of Definitions of Disruptions

According to Kromrey (2009), the research process starts in general with the clarification of
the research context, which contains the identification of already existing suitable definitions,
relevant dimensions of the reality for the research question, and potential further differentia-
tions of dimensions. Therefore, the literature on disruptions in supply chains and production
systems was assessed regarding existing definitions, dimensions of disruptions, and ap-
proaches to classify disruptions.

First of all, the contributions to the research on disruptions of supply chains and production
systems revealed a scarcity of definitions of disruptions. In total, 173 papers were identified,
which deal with disruptions in a supply chain or production system context. Of those, 160 pa-
pers did not provide any definition of disruptions. This scarcity of definitions can be partly
attributed to the fact that not all of the papers encountered put a focus on disruptions, but
mentioned it as a side issue. However, even the majority of papers dealing primarily with dis-
ruptions did not provide a definition (e.g. Kleindorfer & Saad 2005; Qi, Shen & Snyder 2009;
Schaefer et al. 2005; Ratick, Meacham & Aoyama 2008). A reason could be that there exists a
general consistency on what a disruption means. If this would be the case, all definitions en-
countered should be very similar. Overall, thirteen publications outlined an understanding of
the term (e.g. Craighead et al. 2007; Gaonkar & Viswanadham 2004; Wagner & Bode 2008),
which have to be evaluated regarding their ability to describe and specify the phenomenon of
disruptions.

As Chmielewicz (1979) explains, the purpose of a definition is to describe and specify the
phenomena encountered, in order to allow for the development of theories and the discussion
of research results to be based on a common understanding. If different terms are used for the
same phenomenon, the comprehensibility of the results is imperilled and may lead to wrong
conclusions. Therefore, he advocates for evaluating definitions based on certain quality crite-
ria.

Criteria to evaluate the quality of definitions are according to Chmielewicz (1979, pp. 59—64):

= usefulness (1)

= unambiguousness (2)

= preciseness (3)

= non-redundancy (4)
These criteria can be used to determine, whether a definition fulfils the basic scientific re-
quirements and shall therefore also be used here to evaluate the definitions encountered in the
literature. The criterion of usefulness means that the definition has to be suitable for the pur-
pose of research (Chmielewicz 1979). Considering that the purpose of this thesis is to caus-
ally explain the occurrence of disruptions in supply chains and production systems, it shall be
assessed, whether the definition explains, what a supply chain disruption is.
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Unambiguousness implies according to Chmielewicz (1979) that the term defined (i.e. defini-
endum) cannot be used to describe different things and vice versa. For example, Hendricks &
Singhal (2005a) use the term “glitches”, whereas in Hendricks & Singhal (2005b) the same
phenomenon is called “disruptions”, to circumscribe a firm’s inability to match supply and
demand. This ambiguousness could lead for instance to significant ascertainment errors, if the
phenomenon is not adequately explained (Kromrey 2009).

According to Chmielewicz (1979), preciseness of a definition is primarily a matter of discre-
tion, since every definition includes further terms, which would require a definition them-
selves. However, to avoid confusion and reliance on basic non-defined terms, the attempt
should be to use terms, which specify the definiendum instead of keeping the definition at the
surface. This also implies the avoidance of abstract and vague terms to define the term in
question. In this context, Kornmeier (2007) suggests the use of technical terms, if possible.

Finally, non-redundancy implies that the definiendum is not repeated in the definiens
(Chmielewicz 1979). For example, if risk would be defined by risky behaviour, no further in-
sights into the meaning of risk would be gained, since the term remains unexplained by this
repetition. An overview on the definitions of disruptions encountered, and their assessment
according to the quality criteria, can be found in Table 1.
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Table 1: Definitions of disruptions and assessment for this thesis

Source
Albino,
Garavelli &
Okogbaa
1998

Rosenberger
etal. 2002

Gaonkar &
Viswanadham
2004

Hendricks &
Singhal
2005b
Wagner &
Bode 2006

Dorndorf et
al. 2007

Craighead et
al. 2007

Wagner &
Bode 2008

Berman,
Krass &
Menezes
2009

Parmar et al.
2010

Yang & Yang
2010

Cole 2010

Definition

“any event that causes variations in the expected
behaviour of a production system” (p. 3057)

“an event that prohibits an airline from operating as

scheduled” (p. 357)

“occurs when the structure of the supply chain system
is radically transformed, through the non-availability of
certain production, warehousing and distribution
facilities or transportation options due to unexpected
events caused by human or natural factors” (p. 2700)

“a firm’s inability to match demand and supply” (p. 35)

“an unintended, untoward situation, which leads to

supply chain risk“ (p. 303)

“a situation, in which one or more activities in one or
more Key areas [...] have deviated from the resource
plan. Subsequent activities in the affected lines of work
either cannot start on time, or can start on time, but only
after controller intervention” (p. 94)

“unplanned and unanticipated events that disrupt the
normal flow of goods and materials within a supply
chain and, as a consequence, expose firms within the
supply chain to operational and financial risks.” (p. 132)

“the combination of (1) an unintended, anomalous
triggering event that materializes somewhere in the
supply chain or its environment, and (2) a consequen-
tial situation which significantly threatens normal busi-
ness operations of the firms in the supply chain“ (p. 309)

“periodic failures, rendering them [service facilities]
temporarily unable to provide service” (p. 845)

“During this entire process of transforming
specifications to finished deliverables, things often do
not go as planned. This is what is commonly referred to
as an exception or a disruption [...]"” (p. 3803)

“a failure at a supplier facility that results in the
inability of the purchasing company to meet its custo-

mers’ demands”
(p. 1906)

“the unprotected losses for an activity” (p. 255)

Is
p-4).

Phenomena of Disruptions in Supply Chains

Breached Criteria

3: no clear identification
of disruptions possible

1: reduction of focus on
airline industry excludes
other areas

3: by naming kinds of
causes others might be
excluded

3: separation of
disruptions from other
issues impossible

3: risk exists before some-
thing occurs!®

1: reduction of focus on
airline industry excludes
other areas

2: goods and materials are
overlapping

3:normal is an elastic
term

4: repetition of disrupt

3: significance and normal
business operations are
elastic terms, making se-
paration difficult

1: focus on service
facilities excludes other
areas

3: specification of ,things”
is lacking

3: specification of extent
of deviation from plan is
lacking

3: only failures at
suppliers considered

2: only consideration of
unprotected losses

1,3: not precise enough
for purpose

Risk can be defined as “the chance, in quantitative terms, of a defined hazard occurring” Parkinson (1992,
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“transient occurrences that are difficult to foresee and
Desai 2011 whose impacts on organizations are potentially
inimical” (p.264)

1,3: not precise enough
for purpose

Based on one example, the potential shortcomings of a definition in the context of this re-
search shall be illustrated.

Craighead et al. (2007, p. 132) for instance define supply chain disruptions as “unplanned and
unanticipated events that disrupt the normal flow of goods and materials within a supply
chain and, as a consequence, expose firms within the supply chain to operational and finan-
cial risks.” First of all, in the definition the verb “disrupt” is used to explain disruptions.
However, therewith the definiens only repeats the definiendum, since the term disruption is
not further specified, but only repeated, which contradicts the criterion of non-redundancy.
Then, the flow which is disrupted is described as “normal”. Yet it remains unclear what the
authors perceive as being “the normal flow”, which can therefore not be separated from the
flow during or after a disruption. Furthermore, the objects of the flow are specified, namely
“goods” and “materials”. However, a clear distinction between goods and materials is not
provided and may depend on the point of view, as a supplier may consider his output as a
good, whereas his customer may regard the same product as material. Consequently, this
definition is in parts redundant, relatively broad, and ambiguous, which does not allow for a
meaningful and precise explanation of disruptions.

In all, thirteen definitions of disruptions were found in the literature review. The reasons for
why they are deemed inappropriate for this purpose are dispersed among the quality criteria,
yet with a focus on the preciseness of the definition. The advantage of less precise definitions
is that the definition may apply to more observed phenomena, thus the universal validity of
the definition might be enhanced. At the same time, with less preciseness, less precise conse-
quences can be derived from research on disruptions, and in consequence the information
content of conclusions is reduced.'® As this research aims for a definition applicable to supply
chains in general, the universality should be larger regarding the application field in compari-
son to some of the definitions. At the same time, as the conclusions should support supply
chain managers in their decision making (see the pragmatic aims in section 1.3), they have to
be sufficiently precise, which requires a more precise definition than for example those pro-
vided by Albino, Garavelli & Okogbaa (1998), Cole (2010), or Desai (2011). Nevertheless,
the majority of definitions share some common points, which may serve as a basis for the de-
velopment of a synoptic definition. This attempt will be pursued in the next section.

2.2.3  Development of a Definition of Disruptions

The first commonality can be found regarding the nature of a disruption, hence the subject.
Here, the majority of authors explicitly mention that a disruption is an “event” (Albino, Ga-
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ravelli & Okogbaa 1998, p. 3057; Rosenberger, Johnson & Nemhauser 2003, p. 357; Gaonkar
& Viswanadham 2004, p. 2700; Craighead et al. 2007, p. 132; Wagner & Bode 2008, p. 309).
According to Collins English Dictionary (2000, p. 572) an event is “anything that takes place
or happens, esp[ecially, A/NJ something important”. Furthermore, it is regarded as “a bare
instant of space-time as contrasted with an object which fills space and has endurance”
(Collins English Dictionary 2000). Terming a disruption an event implies thus that it has a
temporal and a spatial dimension, which is in conformance with the analysis of the term in
section 2.2.1.

However, other authors term it as a “situation” (Wagner & Bode 2006, p. 303; Dorndorf et al.
2007, p. 94), which is a more static term as it is not actively taking place, but rather passively
existing (see also: Hiillsmann 2005). Also the term “failure” (Berman, Krass & Menezes 2009,
p. 845; Yang & Yang 2010, p. 1906) is more static as it describes rather an effect and
therewith might be enduring as opposed to an event. However, the failure observed can be
considered as the outcome of an event. The connection of the event and a consequential
threatening situation is especially highlighted by Wagner & Bode 2008, p. 309, who states
that a disruption is “the combination of (1) an unintended, anomalous triggering event that
materializes somewhere in the supply chain or its environment, and (2) a consequential
situation which significantly threatens normal business operations of the firms in the
supply chain.” The cause-and-effect relation as part of the definition can also be found in the
majority of other definitions (Albino, Garavelli & Okogbaa 1998, p. 3057; Gaonkar &
Viswanadham 2004, p. 2700; Wagner & Bode 2006, p. 303; Desai 2011, p. 264) as well as in
the general use of the term shown in section 2.2.1. This understanding implies that a disrup-
tion is a process, which starts with one or more events (i.e. cause) and ends with a supply
chain-related effect.

However, whereas some definitions refer to a single cause (Albino, Garavelli & Okogbaa
1998, p. 3057; Rosenberger et al. 2002, p. 357; Wagner & Bode 2006, p. 303), the majority of
definitions consider the possibility of more than one event as the cause (e.g. Gaonkar &
Viswanadham 2004, p. 2700; Craighead et al. 2007, p. 132; Desai 2011, p. 264). As with the
general use of the term, this is pointing again at complex interactions and causal relations,
which might only be observable ex-post.

The dynamic development of a disruption is also highlighted by such formulations as “varia-
tion in expected behaviour” (Albino, Garavelli & Okogbaa 1998, p. 3057), “devi-
ated...resource plan” (Dorndorf et al. 2007, p. 94), “not go as planned” (Parmar et al. 2010, p.
3803), or “prohibits operating as scheduled” (Rosenberger, Johnson & Nemhauser 2003, p.
357). Therewith, it seems that a disruption possesses rather a continuum of potential shapes,
which might change from one moment to the next or between one disruption and another.
Furthermore, a disruption is apparently only observable as the difference between plans and

' For a more detailed analysis of the connection between universality, preciseness and information content
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actual performance, which supports the impression that disruptions might to some degree only
be observable ex-post.

The majority of definitions also mention the effect direction of a disruption. This is indicated
by formulations such as “structure radically transformed...non-availability” (Gaonkar &
Viswanadham 2004, p. 2700), “inability to match demand and supply” (Hendricks & Singhal
2005b, p. 35), “unintended, untoward...risk” (Wagner & Bode 2006, p. 303), “unplanned, un-
anticipated...risks” (Craighead et al. 2007, p. 132), “unintended, anomalous...threatens”
(Wagner & Bode 2008, p. 309), “periodic failures...unable to provide service” (Berman,
Krass & Menezes 2009, p. 845), “inimical” (Desai 2011, p. 264), “failure...inability to meet
customer demands” (Yang & Yang 2010, p. 1906) and “unprotected losses” (Cole 2010, p.
255). Additionally, from the contextual use of disruptions, this negative deviation can be as-
sumed to be significant. This is also highlighted by some of the definitions encountered,
which speak for instance of “significant threats” (Wagner & Bode 2008, p. 309) or “radical
transformations” (Gaonkar & Viswanadham 2004, p. 2700). Therewith, a disruption involves
a significant negative deviation from the plans, which cannot be attributed to common fluc-
tuations, but which is exceptional.

Regarding the question, which plans are affected by a disruption, thus the object of disrup-
tions, the definitions refer to the “production system” (Albino, Garavelli & Okogbaa 1998, p.
3057), “structure of the supply chain system” (Gaonkar & Viswanadham 2004, p. 2700),
“supply chain” (Wagner & Bode 2006, p. 303; Wagner & Bode 2008, p. 309), “key ar-
eas...lines of work” (Dorndorf et al. 2007, p. 94), “flows of goods and materials within a sup-
ply chain” (Craighead et al. 2007, p. 132), “service facilities” (Berman, Krass & Menezes
2009, p. 845), “supplier facility” (Yang & Yang 2010, p. 1906), and “activity” (Cole 2010, p.
255). What these definitions have in common is the focus on the operational process level of
supply chains, which is also supported by Parmar et al. (2010) with the reference to the trans-
formation processes and by the operations mentioned by Rosenberger et al. (2002). Addition-
ally, the focus is thereby not restricted to company boundaries, but rather spans the processes
along the entire supply chain. These supply chain processes can be defined with Cooper,
Lambert & Pagh (1997 p. 5) as “specific ordering of work activities across time and place,
with a beginning, an end, and clearly identified inputs and outputs, a structure for action”
that “can cross intra-and inter-organizational boundaries”. Hence, a disruption would imply
that the actual work activities, their sequence, the inputs, and/or the outputs would deviate
negatively from what has been planned by one or several organizations.

Consequently, with recourse to the definitions of disruptions encountered in the literature, a
supply chain disruption can be understood as follows:

Supply chain disruptions are unexpected significant negative deviation(s) from process
plans caused by one or more temporal events

see: Chmielewicz (1979 pp. 123-129).
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As already pointed out above, a disruption is thus an interference process with causing
events (or a causing event) and as a consequence, a negative deviation, or several deviations.
Accordingly, the supply chain disruption can only be observed ex-post, since the entire proc-
ess of triggering event(s) and negative deviation(s) has to take place. This process may be de-
scribed for instance in analogy to the logical-analytic process of crises by Krystek (1987),
who also understands crises as an interference process.'” He divides the process of crisis into
potential crisis, latent crisis, acute manageable crisis, and acute non-manageable crisis (Krys-
tek 1987, p. 29 based on von Lohneysen 1982, p. 102). In analogy, the process of supply
chain disruptions could be distinguished and described as follows:

= phase of potential disruption

= phase of latent disruption

= phase of acute manageable disruption and

= phase of acute non-manageable disruption.
Thereby, in the phase of potential disruption, none of the causing events has occurred, yet.
However, for prevention purposes, the predisposition of the supply chain to the occurrence of
disruptions can be assumed. In the second phase, the development of a disruption has already
begun, as at least one event already occurred. However, this event or these events did not lead
to the exceptional negative deviation yet, as initial negative deviations could be observed and
an aggravation prevented. Hence, at this point, there is still the possibility to prevent the nega-
tive deviation from the plans if the accumulation of events and their effects can be hindered.
This is changed in the acute manageable disruption phase, where the disruption becomes ob-
vious in the deviation from the process plans and where its destructive power increases. Si-
multaneously, time pressure and decision making pressure increases as the containment of the
disruption still is possible, even though it requires more resources to counteract the progress
of negative deviations. Finally, in the phase of acute non-manageable disruption, the supply
chain processes are restricted in such a way, that the planned output cannot be realized any-
more. Alternatives for counteracting the development of the disruption do not exist anymore
and the efforts have to be concentrated on reducing the impact of the disruption on the system
to avoid further negative impacts. Either the system is able to resume work, or it has been
changed in such a way that also following processes cannot proceed as planned.'® However,
this strict separation of phases of disruption is an idealized case, whereas in reality, such dis-
tinctions might be difficult to make. Furthermore, nothing can be said regarding the temporal
duration of the phases, due to their individual development.

However, whereas a crisis refers to existential threats to socio-technical systems Krystek (1987), disrup-
tions refer to deviations on the process level, which are not necessarily threatening the existence of the en-
tire system as such.

For the description of the phases of a crisis see Krystek (1987, pp. 29-32). For a similar description of the
process phases of a crisis, see e.g. Hiilsmann (2005), Krystek (1980), and von Léhneysen (1982).
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As shown in Figure 7, the differentiation between single and multiple events leads to four
classes of processes, namely a single event causing a single negative deviation, a single event
causing multiple negative deviations, multiple events causing a single negative deviation and

multiple events causing multiple negative deviations.

Figure 7: Possible combinations between triggering events and negative outcomes
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As has been observed in general failure research, the classes with multiple causes may occur
more frequently, but are more difficult to analyze (White 1995). One reason is that in these
classes, events may occur all simultaneously, or include time shifts, but are in combination
necessary for causing the negative deviation. Additionally, they may all be causing the nega-
tive deviation to a differing degree, where some may have stronger influences, and others less.
Only once the negative deviation has been observed, it may be traced back to the events,
which were in combination causing the deviation. This differentiation also implies that
whereas in some cases, there is one event with such a high impact that it may cause a negative
deviation alone, in other cases, various events each with relatively low impact have to occur
jointly to cause the negative deviation. This is also reflected by e.g. Cole (2010), who notes
that potential causing events range on a continuum between everyday small events, and un-
usual as well as infrequent events. Hence, regarding the number of events contributing to the
negative deviation, as well as the number of levels of cause-and-effect relations to be ob-
served, a demarcation problem arises, or, put differently, there is a need to make a decision
regarding what is considered for triggering a negative deviation.
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The unexpectedness of disruptions leaves room for two possible reasons: either they are un-
expected because the triggering events stem from outside of the supply chain, hence the event
is extraordinary so that the potential of occurrence and its potential impact on the supply
chain is neglected (e.g. natural disasters or regional power outages (Hale & Moberg 2005)). In
this case, their avoidance might not be in the power of the supply chain actors or that improb-
able that the costs for prevention would outweigh the benefits. Or they are unexpected be-
cause a factor within the supply chain processes was neglected or not in the condition as de-
fined during planning. Hence, they are unexpected, because the expected input or work activ-
ity in the supply chain process is different from the realized work activity. Such an unin-
tended deviation can be understood according to Hofmann & Frese (2011) as an error, either
by ignorance, or by inability. On the one hand, an error by ignorance could be for instance a
wrong decision by an individual on how to execute the work activity imposed. An unintended
deviation from the specified input characteristics on the other hand could result in an error by
inability. However, whereas an error as triggering event for a disruption implies already an
unintended deviation from external goals, standards of behaviour, or truth (Hofmann & Frese
2011), it does not necessarily have such an impact, that a negative deviation from operational
planning is unavoidable.

Next, the temporality of events implies that they do not become a constant in the supply
chain, which would result in the adaption of the entire supply chain to their existence. This
understanding differentiates supply chain disruptions from e.g. the understanding of disrup-
tions in the context of innovative technologies, where the new technology leads to a disrup-
tion of the existing one (e.g. Ash & Smith-Daniels 2004; Cochran, Patz & Rowe 1978). How-
ever, temporality is still an elastic term, since it may include a ten-minute fire outbreak at a
supplier facility (Norrman & Jansson 2004), as well as leaving perishables during two hours
on a hot apron (Nunes, Emond & Brecht 2006). Furthermore, as the event can at least theo-
retically be measured regarding its duration, it implies that the event has a start and an end,
which can be identified compared to the situation before and after. However, its observation
might be complicated by e.g. the complexity of supply chain processes. In this case, its occur-
rence may be frequently observed ex-post, after the effects become obvious. In consequence,
corrective action could be taken, to prevent further damage. Therewith, the disruption be-
comes avoidable which helps to explain, why the same event in one case may lead to a disrup-
tion, while in the other case, the disruption does not occur. Thus, temporal and unexpected
events only increase the probability of disruptions, but do not lead automatically to a disrup-
tion as corrective action is possible.

The negative deviation from the plans excludes the consideration of “happy disasters”
(Wagner & Bode 2008, p. 309) as types of disruptions. If deviations could also be positive,
then one would have to differentiate between these classes on the level of pragmatic objec-
tives, when e.g. recommendations for the management of disruptions are derived. Further-
more, in general, the literature on supply chain disruptions refers to negative impacts, so that
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positive deviations do not seem to constitute a characteristic of disruptions (e.g. Shefti 2005;
Hendricks & Singhal 2005b; Smith et al. 2007; MacPherson 2008). However, the necessary
extent of negativity of deviation is not determined per se, but has to be concretized based on
the specific context of analysis. For instance, whereas the shift of production from machine A
to machine B might constitute a deviation from the process plan, it might not be a significant
negative deviation, if everything else remains equal. However, if transportation has to shift
from sea freight to air freight, the deviation might be significantly negative, as normally ship-
ping costs for air freight are by far higher than for sea freight (Vega 2008). Furthermore, as
the negative deviation juxtaposes plans and reality, it becomes observable as an inferior per-
formance in comparison to the plans. Therewith, it also becomes measurable as deviation
from the plans."’

According to Frese, Graumann & Theuvsen (2012), organizational plans consist of a system
of sub-plans, with interdependencies and mutual influences on planning decisions on different
planning levels. However, disruptions do not imply necessarily a deviation from the strategic
plans, which are, according to Remer (2004), the chain of strategic sub-goals of an organiza-
tion. Hence, from this point of view, plans provide the decision-framework in which forth-
coming activities should take place (Remer 2004). In contrast to the understanding of organ-
izational crisis (see e.g. Hiilsmann 2005), the long-term strategic goals of the organization or
the supply chain partners are not necessarily directly affected by the occurrence of a disrup-
tion. This does not exclude the possibility that the strategic goals of organizations are imper-
illed, since the occurrence of disruptions may also force companies out of the market (Manuj
& Mentzer 2008). Nevertheless, in general, disruptions are threatening normal business opera-
tions (Wagner & Bode 2008; Dorndorf et al. 2007; Rosenberger et al. 2002). Therefore, the
reference object for identifying and measuring a disruption are the process plans or, how
Remer (2004) terms it, the operational plans, which can be understood in analogy to the stra-
tegic plans as the chain of operational sub-goals of an organization.

These plans are plans for action, and are therefore more concrete, execution-oriented, func-
tional and short-termed than strategic plans (Remer 2004). Theoretically, a deviation from
process plans might also occur, because the plans were not realistic. In such cases, disruptions
would be due to poor planning or inaccurate forecasting (Hendricks & Singhal 2008). How-
ever, unrealistic plans do not fit the definition of unexpected events, as they only provide the
framework for decision making, but do not fulfil the requirement of “faking place or happen-
ing”, which constitute an event (see: Collins English Dictionary 2000, p. 572). Hence, they
cannot cause a disruption alone — as they have to be executed, whereby one could realize that
they cannot be met and adapt them. Therefore, they might be one contributing cause, but not a
unique cause for a disruption.

! A proposal for how to measure supply chain disruptions is provided in section 2.4.
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From the findings above, it becomes apparent that the type of events to be considered in this
thesis still has to be specified. On the one hand, this is necessary to allow for a deeper analy-
sis of potential causes. On the other hand it is necessary, to be able to derive recommenda-
tions, as different events might require different prevention strategies. Apart from determining
the phenomenon by a suitable definition, Kromrey (2009) suggests therefore the specification
of the research focus by identifying the dimensions of reality which are affected by the object
of research. In order to further enhance the understanding of a disruption and its implication
for supply chains, in the next section, the phenomenon shall be therefore regarded from dif-
ferent perspectives. The intention is thereby to establish filters, which help to differentiate and
cluster disruptions, and which help to identify possible theoretical explanations of disruptions
in a later step.

2.3 Deficits in Classifying Disruptions
2.3.1 Multidimensional View on Disruptions

According to Zetterberg (1973), Kromrey (2009), and others, the descriptive research aims in
social science do not only encompass the definition of relevant terms, but also a dimensional
analysis of the research object to provide an orientation framework. Dimensions are thereby
understood as “characteristics of reality (hence of the research object to be investigated)”
(Kromrey 2009, p. 110). Such a dimensional analysis shall be executed in the following to
assess what dimensions are addressed with the term disruption and to enhance the understand-
ing of the phenomenon.

Apart from the descriptive quality of the definitions encountered in the literature, different
dimensions of disruptions in supply chains are put into focus. Besides many similarities, it
becomes clear that partly different dimensions — as for example the radical changes of the
structure stipulated by Gaonkar & Viswanadham (2004, p. 2700), or the unplanned changes
in the process by Parmar et al. (2010, p. 3803) — stand in the focus of interest. Such general
dimensions have the purpose to describe a wide array of phenomena, which are used to ana-
lyze “dimensions of nature” from the perspective of a specific discipline, such as for example
sociology (Zetterberg 1973, p. 105). Since supply chains consist of organizations (Von-
derembse et al. 2006) dimensions used to describe such organizations will be taken as a basis
to analyze supply chain disruptions in more detail.

Thereby, organizational dimensions frequently used in the literature are the functional, institu-
tional (e.g. Hill, Fehlbaum & Ulrich 1994; Stachle 1999; Scherm & Pietsch 2007), structural,
and process-related (Kosiol 1962; Frese 1992; Macharzina 2010) perspective. How supply
chain disruptions might be described along these four dimensions will be illustrated in the fol-
lowing. First of all, a disruption in a supply chain can be understood as already pointed out
above, as a process, with one or more causing events, and one or more consequential devia-
tions from the supply chain process plans. However, as the events leading to a negative devia-
tion might only be traced ex-post or some might even remain unidentified due to the complex-
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ity of interaction, it seems to be more straightforward to start the dimensional analysis of dis-
ruptions from the negative deviations. This procedure also allows for avoiding to narrow
down the focus of causal analysis at this point, as no research results can be obtained on those
dimensions now eliminated (Kromrey 2009).

The first dimension to be addressed when analyzing deviations from process plans is the
process dimension as the realized process determines the existence and extent of a disruption.
According to Schulte-Zurhausen (2010, p. 41), a process “includes the creation of goods or
services, or the adaptation of an object by a sequence of logically interconnected activities”.
Kosiol (1962, p. 187) specifies that these activities are subject to a detailed spatiotemporal
structuring. Furthermore, they can be distinguished into transformation and transport activi-
ties (Hill, Fehlbaum & Ulrich 1994). For the execution of these activities, humans and materi-
als (e.g. machines or input factors) are combined (Kosiol 1962, p. 185), and relevant informa-
tion for the specific activity is provided (Schulte-Zurhausen 2010, pp. 51-61). This is also
consistent with the understanding of processes in the supply chain management literature, as
illustrated by the definition of Cooper, Lambert & Pagh (1997) in section 2.2.3. Additionally,
in the supply chain management literature, processes are further differentiated into flows of
materials and information (e.g. Douglas J. Thomas & Paul M. Griffin 1996; Sarathy 2006;
Tang 2006; Bode et al. 2011). Thus, in the case of a disruption, and with reference to the defi-
nitions of disruptions encountered in the literature (e.g. Dorndorf et al. 2007; Parmar et al.
2010), these logically interconnected activities in the material or information flow are not ef-
fected as planned.

A second dimension is the structural dimension, where the physical representation, or ac-
cording to Frese (1992) the infrastructure, of the process plans is put into focus (e.g. Craig-
head et al. 2007; Gaonkar & Viswanadham 2004; Wagner & Bode 2008). On a higher level,
such a physical representation of supply chain process plans can be seen as a network of
nodes connected by arch, or facilities of suppliers and customers connected by communica-
tion channels and transport modes (Craighead et al. 2007). More specifically, the infrastruc-
ture has to be related to the achievement of the process plans, as for example a disruption due
to machine breakdown (Subramaniam, Raheja & Rama Bhupal Reddy 2005). Hence, all the
materials required for executing the activities to transform or transport goods or services (in-
cluding humans) could deviate from what has been specified or supposed by the process plans.
In this context, a disruption could be seen as the unavailability or break down of infrastructure
at one node anywhere in the geographically dispersed network, which would also have a dis-
rupting impact on the rest of the network (Blackhurst et al. 2005). Thus, apart from disrup-
tions occurring to process plans inside a company or node, a disruption might involve process
plans at adjacent nodes (i.e. inter-organisational), or even of the entire network (i.e. intra-
supply chain).

The structural and processual dimensions are closely related to each other. This is because the
infrastructure is required to realize the processes and determines in part, how and which proc-
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esses will be effected (e.g. differences in loading processes of ships or airplanes).The relation-
ship is consequently the same as for single organizations, where organizational structure pro-
vides a system of rules, in which human and mechanical task completion processes take place
(Grochla & Welge 1978).

The tasks to be completed lead over to the functional dimension, which can be understood as
the task or performance dedicated to achieve a specific organizational goal (Stachle 1999; Hill,
Fehlbaum & Ulrich 1994). If a disruption occurs, this task is not be completed as postulated,
leading for example to financial risk (Craighead et al. 2007), losses (Cole 2010), or destruc-
tion of products (Qi, Shen & Snyder 2009). However, a disruption can then only occur, if a
certain outcome has been specified in the process plans or is expected implicitly. This re-
quires thus some kind of quantification of expected outcomes. Considering the supply chain
management literature, there is a multitude of potential performance measures to be used to
assess the adherence to process plans. Beamon (1999) for instance names costs, fill-rate,
profits, on-time delivery, backorders, and customer responsiveness as being frequently used
to measure performance. However, it depends on individual choices and strategies of compa-
nies, which of these specific measures are relevant. Thus, a focus on more general measures
assures the coverage of more supply chains. According to Porter & Millar (1985), p. 150, the
ultimate goal of companies is to obtain a competitive advantage, either by lower cost or by
differentiation. In this understanding, a disruption of the supply chain would imply a devia-
tion from the cost-optimal output (e.g. excessive use of material vs. resource efficiency), or
the non-realisation of an expected competitive advantage (e.g. delays in transport vs. faster
supply).

Finally, there is the institutional dimension of disruptions in supply chain processes which is
addressed by references to noncompliance with legal, regulatory and bureaucratic require-
ments during production and exchange processes (e.g. Hendricks & Singhal 2005b; Yang &
Yang 2010; Desai 2011). According to Wolf (2008, pp. 526), the term institution includes all
interaction-controlling phenomena, no matter if they are constituted in between organizations
or externally. These interactions are thus based on rules, laws and norms which form the basis
of exchanging products between suppliers and customers. For example, Bakshi & Kleindorfer
(2009) argue that disruptions can occur, because quality standards have not been applied to
the entire system, or because agreements on investments in enhanced (technological) infra-
structure could not be reached. This position is shared by Holl, Pardo & Rama (2010), who
state that in Just-in-Time production systems, exchange relationships between suppliers and
customers are highly institutionalized, as disruptions would substantially increase transaction
costs. As such, a disruption could be described as the violation of one or more components of
the legal, regulatory, and bureaucratic rule base.

Considering the variety of dimensions of supply chain disruptions, it becomes clear that the
examination of disruptions has many different starting points. Furthermore, the point of view
might lead to significant differences in observations and conclusions whereby the comparabil-
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ity of research results is imperilled (Kromrey 2009). Therefore, in order to reduce the com-
plexity of the phenomenon under study, it seems useful to follow a prioritization approach
(Schulte-Zurhausen 2010). The hitherto provided research insights and terminological founda-
tions of disruptions indicate that such a prioritization should start from the process dimension
due to the following reasons:

Firstly, a disruption implies a discontinuity, which in turn favours a dynamic perspective.
Even though a disruption might have structural implications, the focus is on the linking as-
pect between structures, thus on the processes, which have not been decomposed for different
structural elements (such as positions, see e.g. Kosiol 1962; Remer 2004), yet. Secondly, as a
disruption involves an event and a consequential negative deviation, the functional perspec-
tive is only affected subsequently to the processes. This view on the functional perspective is
also supported by Hiilsmann (2002), who highlights its logical succession of the other dimen-
sions. Therefore, the process dimension will be regarded as the primary dimension, which al-
lows for the identification of disruptions.

Based on such a dimensional analysis, Hill, Fehlbaum & Ulrich (1994) suggest the develop-
ment of types, which can be used to facilitate the deduction of hypotheses in preparation of
the empirical analysis. This could be necessary for instance, if different types of disruptions
require different prevention and mitigation strategies. The development of types can be either
based on empirically observed types or theoretically defined types (Hill, Fehlbaum & Ulrich
1994; Bailey 1994; Kromrey 2009). Therefore, in the next section, types of disruptions stem-
ming from observation in the literature shall be presented, to assess to what extent they could
be used to describe and cluster disruptions for the subsequent deduction of hypotheses. Thus,
in the following section, classification frameworks of supply chain disruptions shall be identi-
fied from the literature, and their suitability for the purpose of this thesis assessed.

2.3.2  Incomplete Classification Frameworks in the Literature

Research in a new field should start according to Popper (1973) and Chmielewicz (1979) with
the attempt to gather as much new information as possible. A potential issue is thereby the
selection of aspects, which could, if selected without caution, eliminate causal relations be-
tween real world phenomena (Kromrey 2009). One method supporting the study of relation-
ships and even the specification of hypotheses regarding these relationships is to build classi-
fications (Bailey 1994). According to Oke & Gopalakrishnan (2009, p. 169), “pioneering re-
search in any field often starts with identifying and defining concepts and developing catego-
ries or taxonomies®. Such taxonomies can basically be understood as empirical classifications
of phenomena under study. Conceptual classifications in turn, can be formed without empiri-
cal data and are, according to Bailey (1994), referred to as typologies.

Especially for such rich phenomena as disruptions, building a classification framework seems
to have many advantages. For instance, it allows for the reduction of complexity, the identifi-
cation of similarities and differences, which in turn lead to different types, and the compara-
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bility of types (Kromrey 2009). Furthermore, it is versatile and can be adapted to the specific
focus of study (Bailey 1994). Based on the literature review, several taxonomies of disrup-
tions in supply chains were identified. As with the definitions of disruptions, also for the clas-
sification frameworks different dimensions of disruptions were observed. An overview is

provided by Table 2.

Table 2: Taxonomies of disruptions and implied dimensions

Source

Rice & Caniato 2003a

Chopra & Sodhi 2004

Gaonkar & Viswanadham
2004

Christopher & Peck 2004

Norrman & Jansson 2004

Cavinato 2004

Sarathy 2006

Smith et al. 2007

Wagner & Bode 2008

Shah 2009a

Shah 2009b

Parmar et al. 2010

Types of Disruptions
Supply; transportation; production
facilities; communications; human re-
sources

Supplier-related; internal; customer-
related

Strategic; tactical; operational

Internal; external to the firm but inter-
nal to the supply chain network; envi-
ronmental

Severe; major; minor; negligible
Physical; financial; informational; rela-

tional; innovational

Manufacturing locations; goods; supply
chain partners and intermediaries;
transportation nodes and carriers;
people; information

Organizational; network; environmen-
tal

Demand-side; supply-side; regulatory,
legal and bureaucratic; infrastructure;
catastrophic

Supply-side; demand-side

Supplier; geo-political; logistics; com-
mercial

Input related; process related; output
related

Dimensions

Process & Structure

Institution

Structure

Structure & Institution

Function

Process

Process, Structure &
Institution

Structure & Institution

Process, Structure,
Function & Institution

Structure

Process, Function &
Institution

Process

As can be seen by the dates of publication, such typologies of supply chain disruptions are

relatively recent, with the first classification being from 2003. However, even though since
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then many authors classified disruptions, some of these classifications are both, similar to
each other, and similar or identical to classification frameworks of supply chain risks.?

This highlights firstly that supply chain risks and supply chain disruptions are overlapping
concepts, where either supply chain risk is seen as a determinant of disruptions (e.g. Kleindor-
fer & Saad 2005; Manuj & Mentzer 2008; Huang, Chou & Chang 2009), or as an effect of
disruptions (e.g. Wagner & Bode 2006). Secondly, it highlights that during building taxono-
mies for measuring disruptions, many authors do not differentiate between causes (risks) and
effects (disruptions).?' Furthermore, with recourse to the dimensions of disruptions identified
in section 2.3.1, it seems obvious that the classification of supply chain disruptions followed
different dimensions.

Thereby, these classifications of disruptions bear some content-wise inconsistencies, as well
as incomplete classes. For example, Rice & Caniato (2003b, p. 26) name supply, transporta-
tion, production facilities, communications, and human resources for locations of disruptions.
However, the question arises, how to classify for instance a disruption in communication dur-
ing transport, or a disruption of supply at a production facility. Such cases reveal that the
classes are not disjoint and might result in inconsistent classifications of the same phenome-
non by different researchers. Furthermore, whereas the localization of the disruption is more
or less identified, it does not become clear, what other characteristics the disruption has. How
long was the disruption, what exactly has been disrupted (e.g. product or information flow),
and to what extent? These questions cannot be answered in detail and reduce the expressive-
ness of classifying disruptions following this approach.

All four of the dimensions identified were addressed in one publication, namely by Wagner &
Bode (2008). According to them, disruptions can be classified in either being on the demand-
side or supply-side of production (process-related), regulatory, legal and bureaucratic (institu-
tional dimension), infrastructure (structural dimension), and catastrophic disruptions (func-
tional dimension). However, these classes do not seem to characterise disruptions sufficiently,
since for example in the process-related dimension, no disruptions in different flows are con-
sidered, nor would is supply-side and demand-side unambiguous. Additionally, the considera-
tion of infrastructure on the structural level, does not seem to adequately capture the numer-
ous facets of potential structural disruptions, nor are all classes free of overlaps due to the fo-
cus on different dimensions.

Considering these and the other attempts to classify disruptions, it becomes clear that in order
to better understand and differentiate disruptions, a more systematic approach is required. In

" Even though it is not always stated clearly, whether authors refer to typologies or taxonomies, from the con-

text of most publications it becomes clear that the majority speaks of taxonomies based on prominent dis-
ruptions observed.

This has also been observed by Smith et al. (2007) in the case of taxonomies built for measuring supply
chain risk.
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principle, different approaches for classifying disruptions could be used, as will be illustrated
in the following.

Firstly, the classification could be done by choosing typical parameters of supply chains or
classes of observed disruptions, as is the case for most examples. However, such taxonomies
have some disadvantages, as accuracy relies heavily on correct identification of the phenome-
non (Wing & Greenwood 1993), assuring that criteria are on the same level of generalization
is at least questionable (Marradi 1990), and might not tab the roots of observed configurations
(Miller 1996). Furthermore, as taxonomies are based on empirical data (Bailey 1994), this
approach is deemed unsuitable for this relatively young research area.”?

Another possibility would be secondly, to build classes following a certain theoretical per-
spective. A frequently used approach for describing supply chains is systems theory for the
structural perspective (e.g. Blackhurst, Dunn & Craighead 2011; Zsidisin, Melnyk & Ragatz
2005; Murray, Matisziw & Grubesic 2008; Miiller & Gaudig 2011), or the resource-based
view for the functional perspective (e.g. Bode et al. 2011; Blackhurst et al. 2005; Kovacs &
Tatham 2009). However, even though selecting a general framework may prevent omission of
important aspects,” the examples cited above may be too focused on one perspective to un-
ambiguously identify and classify disruptions. Combining several theoretic approaches in-
stead for larger specificity, bears risks of incommensurability.>*

Thirdly, there is the possibility to use general descriptive frameworks, which have for in-
stance been developed in organization theory. The advantage is that due to their general char-
acter, they can be adapted and applied to many different kinds of organizations. Furthermore,
due to their descriptive nature, incommensurability can be avoided, since they are based on
theory-neutral facts. Therefore, in the following, a conceptual classification framework for
disruptions will be developed, based on the dimensions of disruptions, as well as the classifi-
cations encountered in the literature.

2.3.3 Development of a Classification Framework of Disruptions

One conceptual framework, which aims for the general, consistent, and coherent description
of social systems, is the management system by Remer (2004).”> According to him, a man-
agement system can be defined as “a quantity of managerial elements, with relations be-
tween them” (p. 2). The four basic management elements that influence each other recipro-
cally are policy (e.g. strategic goals), organization (e.g. leadership structure), potential (e.g.
personnel), and planning (e.g. distribution strategy) (see Figure 8). This description can also
be adapted to the management of supply chains, which is understood as the approach to de-

See figure Figure 2 in section 1.

Kromrey (2009, p. 71) speaks in this context of “exclusion by definition™.

According to Chalmers (2007, p. 125), incommensurability describes the relation between two theories or
paradigms, which cannot be compared logically due to a lack of theory-neutral facts.

For alternatives to describe social systems holistically, see e.g. Hill, Fehlbaum & Ulrich (1994) or Grochla
& Welge (1978).
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sign, organize, and execute activities along the entire value chain (Vonderembse et al. 2006).
From this perspective, the entire supply chain might be regarded as a management system,
which could be decomposed and described along the four elements policy, organization, po-
tential, and planning. However, since the focus here is on disruptions, the following descrip-
tion will concentrate on planning.

Figure 8: The management system between ideas and reality

Management System

/ POliCy \
Idea “ Planning } Organization “ Reality

@

Source 3: Own illustration based on Remer (2004 p. 3)

Potential

In order to systematically describe the four elements used above, Remer (2004) decomposes
each element by object, dimension, and direction. Furthermore, each element and their sub-
elements are described by the characteristics type, degree, form, standardization, and formal-
ization.® Therewith, consistency is not only enhanced on the same level, but also across lev-
els of analysis.

According to Stachle (1999), planning is thereby the centre of the management process and
determines the perception of all other management functions. As developed in section 2.2.2, a
disruption is defined as a negative deviation from the process plans. This implies a mismatch
of what has been planned and what has been realized. Consequently, the determination of a
disruption according to the framework by Remer (2004) would be the observable gap between
outcome and process planning. Depending on how and in which respects the processes failed
to achieve the plans, different types of disruptions can be identified and grouped into classes.
To this purpose, the process plan needs to be systematically decomposed in general elements,
so that disruptions can be concretized. Therefore, in the following, the element planning will
be further described and decomposed for the classification of disruptions.

% This terminological concept was first developed by Remer (1989) for the description of organizational

structures in organizations theory, before later on it was applied to the description of the entire management
system destined for management science.
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In general, planning can be understood as the anticipation of activities under uncertainty and
incomplete information (Stachle 1999, p. 539). Remer (2004) understands hereby a company
not as a combination of humans and objects, but rather as a conjunction of processes or activi-
ties. In order to differentiate planning from politics, Remer (2004) specifies that politics rep-
resent the overarching objective of the organization, whereas plans indicate the way to
achieve this objective. Consequently, he defines planning as “the conception of input-,
transformation-, and output-processes” (p. 26).”” He differentiates planning further into
strategic and operational planning. Whereas strategic planning refers to the “relatively ab-
stract strategic decision premise”, operational planning is “the concrete realization premise
for the (immediately following) action” (Remer 2004, p. 37). As such, operational plans in-
corporate the concrete realization premises for how to transform or transport goods or ser-
vices.

With reference to the planning literature, Remer (2004) suggests the separation of strategic
and operational planning for their conception, since strategic planning is focused on the gen-
eral design of the company, whereas operational planning is focused on the action level. As
disruptions occur in the processes of the supply chain, thus on the action level and since the
purpose here is to use this terminological model for the description and classification of dis-
ruptions, the following explanations will be focused on operational planning.

The task of operational planning is to translate the strategic planning into executable prescrip-
tions in the different functional areas, such as finance or human resources (Remer 2004). In a
supply chain context, operational planning involves the coordination of flows of goods and
materials, as well as the connected storage and transport decisions of all actors in the supply
chain bearing in mind expected demand and available resources during the next weeks or next
few months (Zépfel 2004). Thus, considering a disruption to be a deviation from the planned
outcome, there seem to be many possible ways for disruptions to occur.

In order to reduce the complexity of the variable under study, Remer (1989) suggests that be-
fore starting to describe the elements based on the characteristics presented above, a system-
atic de-composition should be effected, based on the criteria object, dimension, and direction.
As already indicated above, operational planning involves the assignment and disposition of
resources dependent on strategic targets and operational constraints (Remer 2004). The crite-
rion object helps thereby to answer the question, what kind of activities, resources etc. have to
undergo operational planning (Remer 2005). These activities can thus be seen as objects of
operational planning, which may differ depending on the context observed, and for which op-
erational planning may differ. However, some of the basic features of supply chain processes
seem to be identical across supply chains, namely the basic activities executed. In this context,
Remer (2004) speaks of input, transformation and output processes, Kosiol (1978) of activi-

2 Remer (2004) stresses the point that input in this definition does not comprise employees, which are re-

garded to be on the same level as planning and therewith an own element of the management system,
namely potential (p. 26).
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ties concerned with changing the condition or position of a product, Seuring 2009 refers to
production and logistics, while Hill, Fehlbaum & Ulrich (1994) only speak of transformation
and transportation processes, which is also supported by Williamson (1981). As input and
output processes can only be determined by a company perspective (Porter & Millar 1985),
transformation and transportation are used here as basic objects of operational planning.

In the context of the element organization, Remer (1989) differentiates the objects further by
the direction of differentiation, arguing that it is the most frequently named criterion for dif-
ferentiation. Even though he does not apply it to the sub-elements of planning, a further dis-
tinction of sub-elements also seems to be appropriate here, to further specify types of trans-
formation and transportation processes. A criterion frequently used to differentiate processes
in supply chains is the distinction of primary and supportive activities, as for example in the
value chain model by Porter (1998). Thereby, normally the flow of products is differentiated
from the flow of information, which is necessary to coordinate the product flow (e.g. Seuring
2009; Albino, Garavelli & Okogbaa 1998; Cooper, Lambert & Pagh 1997; Alfred Du-
pont Chandler 1977). Hence, whereas the primary objective is to bring the products to the
market (i.e. the material flow), coordination along the supply chain has to take place facilitate
the seamless flow of products (i.e. the information flow) (Stevens 1989). Therewith, instead
of speaking of directions as in the case of organizational structures, rather different process
levels seem to be addressed by operational planning. To avoid omission of certain flows (e.g.
financial flows), these are termed in the following material and immaterial flows to distin-
guish between primary operational processes and supportive operational processes.

The final distinction made by Remer (1989) deals with the four dimensions qualitative, quan-
titative, temporal, and spatial. As in the case of organizational differentiation, these four di-
mensions do not have to be determined all to the same extent (Remer 2005). However, in the
case of supply chains, where the ultimate goal is to provide the right product, in the right
quantity and quality, at the right time and place (e.g. Jetzke 2007; Ross 2011), these dimen-
sions are of critical importance to achieve the overarching goals. A disruption in product arri-
val could for example be due to damage, delay, wrong location, or wrong weight. In conse-
quence, this further differentiation seems to be useful for the creation of classes of disruptions.

Figure 9 shall serve as an overview on all considered modes of describing operational plan-
ning.
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Figure 9: Sub-objects for the description of operational planning
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Source 4: own illustration based on Remer (1989) and Remer (2004)

Now that operational planning has been further specified regarding objects, directions, and
dimensions, the resulting sub-objects could be described by the characteristics type, degree,
form, standardization, and formalization in more detail. However, the specification of disrup-
tions based on characteristics of operational planning will not be pursued here. The reason for
excluding the characteristics for the classification of disruptions can be illustrated for the
characteristic fype, according to which operational plans are allocated on a continuum be-
tween functional or optimal planning (Remer 2004). An optimal plan for the qualitative prod-
uct flow in a food supply chain could for instance be the exact determination of the tempera-
ture (e.g. 7 degree) at which the product has to be transported. In this case, a deviation by one
degree could already be a disruption, even though the product does not have to be negatively
affected. A functional plan in turn would state that the product has to arrive in the right condi-
tion, allowing the temperature to be maintained in a certain range (e.g. 7-12 degrees).
Therewith, certain disruptions might already be avoided by changing the type of planning.

Additionally, the categorization of a specific configuration is not necessarily inter-
subjectively unambiguous. When is planning functional, when is it optimal? When is the de-
gree of planning high, when is it low? These and other questions emerge, and the answers
might depend on the point of view. Furthermore, also the focus of operational planning is
rather oriented towards the functionality of the system, and less towards the optimal execution
of tasks (Remer 2004). Therefore, Remer (2004) assigns operational planning rather a prag-
matic function, and less a configurative function, as opposed to strategic planning. Hence, the
importance of configuration possibilities is considered to be comparatively low. Considering
that firstly, optimality of operational planning is less important than functionality (Remer
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2004) and that secondly, scalability and inter-subjectively unambiguous identification of
characteristics of disruptions might not be possible, these characteristics will not be included
in the classification framework. In consequence, disruptions can be identified by their devia-
tion from the quantitative, qualitative, temporal, or spatial planning of immaterial and mate-
rial transportation or transformation processes (see Figure 10).

Figure 10: Classification framework of supply chain disruptions
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Therewith, this systematic classification approach includes more general dimensions and
comprises logically derived manifestations as opposed to empirical ones, which shall reduce
the risks of redundancy and omission. Furthermore, classes may be aggregated or further dif-
ferentiated according to the requirements during practical use, following the stringent logical
structure of classes. Therewith, a semantic decomposition of operational plans as a basis for
the identification of supply chain disruptions has been conducted, which needs according to
Kromrey (2009) a further specification for empirical investigations. The development of such
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a model will be subject to section 2.4. Sections 2.4.1 to 2.4.3 have thereby to a great extent
already been published by Brenner, Hiilsmann & Cordes (2013).

2.4 Development of a Scoring Model for Disruptions in Food Supply Chains
2.4.1 Exploration of Disruptions as Object of Investigation

As the preceding already indicated, a disruption is a construct, which is not directly observ-
able in reality. Kromrey (2009) states that such phenomena only can be traced indirectly via
indicators and measures. However, before starting to identify, classify and measure disrup-
tions, one has to make sure that indicators and measures are valid and reliable. Therefore, in-
dicators shall not be picked at random, but deduced from the object of research in a system-
atic and logical process (Kromrey 2009). In consequence, a scoring model will be developed,
to assure the quality of indicators and measures which can be used to identify, measure and
analyze supply chain disruptions.

For the development of the scoring model, the constitutive characteristics of the phenomenon
have to be defined (Hilsmann et al. 2006). As a supply chain disruption is basically under-
stood as a deviation from the process plans, these process plans need further specification to
be able to identify any deviation thereof. However, the combinatorial possibilities and content
of process plans might differ substantially between supply chains and even companies, which
reduces either the specificity of information or the range of possible applications of the scor-
ing model (Chmielewicz 1979). Therefore, process plans need to be further decomposed to
obtain general classes from which indicators can be deduced.

If the plans are feasible, the process should be a reflection of the plans. Processes in turn, as
specified in section 2.3.3, are the transformation and transportation activities of products or
information. To allow for a concretization of process plans, while maintaining its general ap-
plicability, they cannot only be specified regarding the activities, but also regarding the prod-
ucts subject to these activities. The two basic elements of process plans can thus be seen as
being the planned products (in any processing stage, thus with differing characteristics) and
the planned activities, which in combination concretize the process plan further to derive indi-
cators and measures. However, one has to make sure that indicators measuring different as-
pects do not overlap, while at the same time, the operationalization is complete (Kromrey
2009). To derive indicators systematically, again, a classification approach can be used.

For the creation of classes, Bailey (1994) stresses that they must be exhaustive and mutually
exclusive. However, he continues that during research the number of different classes can be
overwhelming, wherefore frequently only some classes are used, depending on their rele-
vancy for the research question. For reasons of practicality, the scoring model will be devel-
oped with a focus on the primary function of supply chains, hence on the product flow, con-
sidering the information flow only in a subsequent step. Therefore, the following deduction of
classes of process plans will focus on those activities and product characteristics deemed most
relevant by the existing literature.
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In the case of food products, there are numerous classifications of product characteristics (e.g.
Pennington 1993; Szczesniak 1962; Cardello 1995). Depending on the scope of analysis,
these might comprise many different aspects, as for example nutritional characteristics, ap-
pearance, or microbiological characteristics, even though they might all be designed to inves-
tigate food quality (Engelhardt 2005). The question is thus which characteristics are relevant
for the description of product characteristics in a supply chain context.

Firstly, the classes should comprise characteristics, which are critical for the realization of
process plans. Any case, where the food is deemed inappropriate for its intended use, process
plans are not met. Secondly, the classification should be easily accessible, usable and widely
applicable, to increase the number of users of the scoring model and the comparability of re-
sults. Therefore, the classification by LanguaL™ Food Product Indexer is chosen, as it is
based on a free access software tool, with a classification originating from international stan-
dards, as those set by the United States Department of Agriculture (USDA), and is widely
recognized in research on food products (Pennington 1993; Cardello 1995). Additionally, it
does not only help to describe the product itself but also refers to further information relevant
in food supply chains, as for example the nature of the packaging, the preservation method
and the region of origin. Thereby, more information can be gathered to specify the process
plans based on a systematic approach.

The term LanguaL stands for “Langua aLimentaria” meaning language of food. It was created
in the late 1970’s by the Center for Food Safety and Applied Nutrition (CFSAN) of the
USDA as a method to automatically describe, capture, and retrieve data about food products.
Since then, it has been constantly refined and applied to more food products, as well as other
geographical regions. The thesaurus provides a standardized language which is intended to
systematically describe any food product by a combination of characteristics. These are in
turn structured into different viewpoints and coded for computer processing. These codes can
be used to retrieve information on specific food products from external databases, in which up
to date, already 35.000 food products have been classified.”®

The major classes, which are further specified into sub-classes, and where every characteristic
has a unique code, systematize food products as shown in Figure 11:

# see: Danish Food Information (2012).
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Figure 11: Classes of product characteristics as stated by Langual.™

PRODUCT TYPE [A0361]
FOOD SOURCE [B1564]

PART OF PLANT OR ANIMAL [C0116]

PHYSICAL STATE, SHAPE OR FORM [E0113]

EXTENT OF HEAT TREATMENT [F001 1]

COOKING METHOD [G0002]

TREATMENT APPLIED [HO111]

PRESERVATION METHOD [J0107]

PACKING MEDIUM [K0020]

CONTAINER OR WRAPPING [M0100]

FOOD CONTACT SURFACE [N0010]

CONSUMER GROUP/DIETARY USE/LABEL CLAIM [P0032]
GEOGRAPHIC PLACES AND REGIONS [R0010]

ADJUNCT CHARACTERISTICS OF FOOD [Z0005]
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Source 5: based on Danish Food Information (2012)

This list of general criteria can be used to describe the products systematically, so that in-
sights on product specific process plans can be gained. By transferring these general criteria
and their specific sub-classes into a morphological box, exhaustive and mutually exclusive
classes can be obtained, as demanded for example by Bailey (1994). This tool has been de-
veloped initially to systematically develop ideas on improvements for existing products,
where each combination of potential attributes along different criteria creates a new product
(Andler 2011). However, in this context, by filling the morphological box with all potentially
possible attributes of food products as captured by LangualL™, each product may be identi-
fied by a combination of one attribute from each criterion.

Based on these general classes of product characteristics, LanguaL™ allows for a stepwise
concretization of the products up to the actual attribute of a specific product. However, the

L™ on the basis of different classi-

first class, namely product type can be specified in Langua
fication approaches. For instance, by the European Union alone five different standards for
classifying food products are included, each with a different purpose, while internationally,
four more standards are included. On the one hand, thereby Langual.™ integrates many dif-
ferent standards, which increases the applicability of the system, while on the other hand, the
user has to firstly decide on which of the standards to use. For the purpose of this illustration,
the standard based on the European Commission Regulation (EC) No 178/2006 was selected,

since it is firstly widely applied throughout the European Union, secondly because (EC) No
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178/2006 is one of the basic binding regulations governing European food supply chains
(Abad et al. 2009; Banterle & Stranieri 2008). However, based on the application context, the
selection can be changed.

Following thus this classification of product types, a total of 42 specific product types result.
In class B, FOOD SOURCE, six sub-classes exist, whereof the first sub-class, ALGAE,
BACTERIA, OR FUNGUS [B1215] already consists of approximately 80 attributes. As all
other classes also include sub-classes, which in turn contain a variety of attributes, the ques-
tion arises whether this amount of information is required for the purpose of illustration. For
the sake of brevity and transparency, in the following, only those attributes will be taken,
which can be found at most on the second layer of sub-classes. This reduction of complexity
affects of course the level of specificity of information content. However, the degree of speci-
fication depends on contextual requirements (Engelhardt 2005; Hahn & Pichhardt 2008) and
does not affect the general rules for the development and functioning of the scoring model.

The codes displayed for every criterion and attribute are fixed by LanguaL™. Thereby, any
product can be unambiguously identified and differentiated from other food products. The
resulting code when combining the respective attribute for each criterion could be used to
compare the susceptibility to disruptions across food chains for the same product. However, it
should be noted that while moving from one process to the next, the code might change due to
applied activities. Thereby, the question arises, whether processes and products can in fact be
seen as two separable aspects of process plans. However, whereas the process activities focus
on the transformation or transport of products (i.e. the task), the description of the product
itself is focused on the input or output of a process (i.e. the object). Therewith, they address
different dimensions of process plans and should therefore according to Kromrey (2009) be
regarded individually.

The following figure illustrates the methodology of the morphological box for food product
characteristics.
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Figure 12: Morphological box for product characteristics based on Langual. ™
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Source 6: Own illustration based on Danish Food Information (2012)

Based on this morphological box, each product is characterized by selecting one attribute on
each line. As can be seen, the enumeration of possible attributes is not complete for every row
due to the already mentioned number of varieties. Furthermore, in some cases as for example
for the last two criteria, the classification still remains on an aggregated level where little can
be learned about the specific product, with a more expressive distinction on the next lower

levels. Nevertheless, the methodology provided by LangualL™ allows for a comprehensive
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and systematic description of products, including a codification which helps to unambigu-
ously classify products. Additionally, where the level of description needs still further specifi-
cation, the respective sub-classes may be used to further specify the product. Since the classi-
fication has already been used to classify 35.000 food products (Danish Food Information
2012), the approach seems thus to provide a satisfactory level of specification.

In other cases in turn, less specification might be required, if attributes are deemed to be less
relevant for the specification of process plans. Alternatively, the attributes might also change
during the different process steps. For example, the criterion packing medium can be chang-
ing during the stages of the supply chain with effects on the deduction of appropriate indica-
tors. Indeed, especially the criteria F to M can change during the stages of the process, as
these treatments cause a change in the product. However, it is also possible that these process-
ing steps are ignored and only the resulting product is observed in later stages of the supply
chain. Therefore, in order to correctly describe the product, also the specific process step has
to be taken into account.

For the specification of the process plans, as well as of the concrete attributes of the product,
an equally systematic approach is required for the description of process activities. As in the
case of product classification, classes should be based on relevant characteristics of supply
chain processes, should allow for a distinction of different activities (i.e. mutually exclusive),
as well as different degrees of specification (i.e. exhaustive). Again, several approaches could
be selected.

One option could be for example to base the classification on the SCOR model provided by
the Supply Chain Council (Supply Chain Council 2010). This approach allows for the classi-
fication of processes on different system layers, which all find their correspondence on the
next higher or lower level. The advantage of this approach is that it is generic, implying that it
can be used for all types of supply chains. Another advantage is its wide spread acceptance
and use from researchers and practitioners alike (e.g. Bolstorff, Rosenbaum & Poluha 2007,
Berschet 2009; Halsband & Stélzle 2005). However, its general applicability is also a disad-
vantage, as it does not provide specific information on processes in food supply chains,
whereby the identification of process-specific disruptions is inhibited.

Another option would be to base the classification of process activities on quality manage-
ment standards dedicated to food supply chains, such as the International Food Standard (IFS)
or the Cool Chain Quality Indicator (CCQI). As they deal with entire food supply chains and
intend to cover all ranges of process steps, they might provide a suitable starting point for de-
ducing general classes of process activities. However, both are more concerned with the struc-
ture of companies and the supply chain (see: International Food Standard 2012; Germanischer
Lloyd 2009). Thus, whereas infrastructure and equipment are dealt with in detail, the actual
process activities are disregarded to a great extent.
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Another possibility would be to take official regulations as a basis for deducing classes of ac-
tivities. These regulations also govern the entire supply chain and therefore need to specify
how food products have to be handled along the supply chain. However, after a review of cor-
responding regulations, such as EC 178/2002 on Traceability of Foodstuffs (European Com-
mission 2002), EC 852/2004 on the Hygiene of Foodstuffs (European Commission 2004), or
the Current Good Manufacturing Practice in Manufacturing, Packing, or Holding Human
Food (US Food and Drug Administration 1986), no adequate approach could be found which
allows for a classification of activities along the food supply chain. Rather, as in the case of
quality management standards, the focus lies on facilities and equipment and less on the proc-
ess itself.”’

Finally, a content-wise analysis of guidelines on food safety from farm to fork might result in
the identification of generic classes. However, for such an approach to be successful, different
food segments have to be covered, as they pose different requirements regarding handling and
processing. Furthermore, the guidelines should be well established, tested and adapted on a
global scale, to increase reliability and easiness of use. To assess whether all basic elements
of supply chains have been covered, the activities named were assigned to the generic classes
of the SCOR model, namely Source, Make, Deliver, and Return (Supply Chain Council 2010).

The basic document for global food chains is the Codex Alimentarius issued by the World
Health Organization (WHO) and the Food and Agriculture Organization of the United Na-
tions (FAO). It has been established in 1962 to guide global food policy making (Trienckens
& Zuurbier 2008). Currently, it consists of 185 member countries, covering about 99% of the
world population (Codex Alimentarius Commission 2013). During the years, the Codex Ali-
mentarius Commission has published and updated about 212 standards, as well as several
thematic compilations.*® Of those, seven publications focus on a code of practice for different
groups of food products. After an initial analysis, these documents were deemed to be a suit-
able starting point for collecting generic process activities in different types of food supply
chains, as they cover the entire food supply chain and are similarly structured, but differ in
activities depending on the food groups.

The following figure illustrates the general classes of activities encountered in the different
Codex Alimentarius guidelines:

¥ The focus on the structure of food supply chains instead of processes seems to be counterintuitive, consider-

ing that food quality can be negatively affected during handling and transit along the entire supply chain,
not only while being kept in one premise or transport mode. The integration of a process perspective in cur-
rent food quality regulations and standards could thus be helpful to improve the maintenance of optimal
conditions along food supply chains.

% See http://www.codexalimentarius.org/standards/en/.
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Figure 13: Morphological box of process activities based on Codex Alimentarius
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Source 7: Own illustration; numbers are used for description only

The classification of process activities based on the Codex Alimentarius follows the assump-
tion that the guidelines are exhaustive and mutually exclusive, which is the requirement posed
on classifications (see: Bailey 1994). As the commission created one basic text, which is ap-
plicable in case none of the specific guidelines is addressed or the specific guideline does not
specify a certain activity (Codex Alimentarius Commission 2009), this assumption seems to
be reasonable.

The reason for taking several activities into one field is that according to the Codex Alimen-
tarius, these activities always have to be done for certain products. For example, for hunting,
the Codex states explicitly that wild game has to be partly processed immediately after being
killed, before it is transferred to a game depot. The reason for specifying these different steps
instead of just referring to hunting is that it reduces the risk of omitting important aspects dur-
ing the deduction of indicators, to assure that the identity of the object under study is main-
tained (Kromrey 2009). In contrast to the SCOR Model, the classification above includes
storage of raw material and of products as separate steps. This was deemed necessary as stor-
age conditions of ingredients and final food products may have significant effects on the qual-
ity of the product (Brecht et al. 2003; Smith & Sparks 2004; Georgiadis, Vlachos & lakovou
2005) and should therefore be explicitly considered during deduction of indicators. Neverthe-
less, the activities named only provide a guideline for the deduction of indicators and can be
further specified by e.g. referring to the company-specific process flow diagram, which is also
mandatory in the Codex. Furthermore, to increase unambiguity of specifying process activi-
ties, each field should receive a unique code, as in the case of product characteristics.

Based on these two morphological boxes, it is now possible to describe specific products and
specific process activities in a systematic and detailed way. The question is thus, how to com-
bine these two to actual process plans, and how to derive indicators thereof, so that disrup-
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tions can actually be identified and measured. These questions will be addressed in the next
section.

2.4.2  Specification of the Concept and Deduction of Indicators

Hence, whereas types of activities can now be broadly differentiated, some areas still need
further specification. For instance, combining the process categories just leads to a chain of
process activities in one process step of the supply chain, but does not follow an end-to-end
perspective of supply chains. While this might be sufficient to evaluate disruptions on the
company level, it does not help to identify weak points on the supply chain level. Therefore, a
further differentiation of the processes is required.

Due to the large number of processing activities and their potential combinations, differentiat-
ing processing further does not seem to yield the desired limited number of combinations.
Rather, specification might be achieved by adding another dimension of disruptions, which
have already been discussed in 2.3.1. By adding another dimension to the process dimension,
each disruption might be further specified and more process activities differentiated. Since the
functional and structural dimension might be similar for different process steps of supply
chains (e.g. in terms of objectives such as profit maximization or infrastructure such as cool-
ing facilities), the institutional dimension seems to be appropriate for specifying process steps
and linking them vertically to allow for an analysis of disruptions along the food supply chain.

According to Remer (1989), vertical differentiation refers to the division of a system into or-
ganizational steps. Thereby, different possibilities for dividing the overall task exist. The
overall task of a supply chain encompasses all activities associated with transforming and
transporting the product from raw material stage through to the end user (Handfield & Nich-
ols 2008, cited in Seuring 2009). As the same product can go through different processing
stages depending on its final purpose, the institutions executing the process should also be
differentiated based on the final product, to increase consistency. This approach differs for
instance from the approach of the SCOR Model, which uses a company-based differentiation
of processes (i.e. supplier, own company, customer) (Supply Chain Council 2010). Thereby,
disruptions could only be analyzed from a company point of view and not across supply
chains.

Starting from the final product, each company in the supply chain could receive a code indi-
cating its position in the supply chain. To further increase information content, the major task
of each company could be indicated in a common way. In general, companies in a supply
chain are in general involved in the conversion, logistics, and/or retail of products (Craighead
et al. 2007). In line with this differentiation, process activities could be attributed to being
executed by a manufacturer (M), a logistics company (L), or a retailer (R). Furthermore, in
case that several companies are on the same process level, as for instance several producers of
ingredients, the number could be further subdivided. The rank order should thereby be deter-
mined objectively, for example by the relative share of the ingredient in the final product.
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With the help of this codification, supply chain steps can be unambiguously identified and
combined to represent the entire food supply chain. The morphological boxes derived in 2.4.1
can thus be filled for every step to identify weak points more easily and to compare them
along and in between supply chains.

In the next step, the process plans may be concretized based on the specific product character-
istics and the specific process activities. To this purpose, both morphological boxes contain a
range of criteria, which can be used to describe the process plans and to develop indicators for
the identification of disruptions. These can now be combined for each actual case, to concre-
tize the objects of operational planning, hence the content of transformation and transporta-
tion processes. Thereby, only the actual combination of attributes for a specific supply chain
under study is considered, as is exemplified in Table 3.

Table 3: Example for the concretization of process plans as combination of attributes

RECEIVING & | (o o PROCESSING & | FROZEN | PRE-COOLING, NOT
PROCESS ELEMENTS INSPECTING & | ¢ 00D | PACKING & STORING | LOADING, | ApPLICABLE
2] . 4 'y =
SORTING [1.2] LABELING [3.7] TR ] T

A. FRUIT FRESH OR
FROZEN [A1221] A2t 12

B. PLANT USED AS FOOD

SOURCE [B1347] BI347] 2.1
C. PART OF PLANT [C0174] Co174 | 3.7
E. SOLID [E0151] EO1S1

= . ]es

The illustration above is a combination of attributes of the morphological box for a specific
food product and attributes of the morphological box for process activities. As an example, a
fruit product was chosen which is subject to a manufacturing process.

Even though the process plans have now been specified, they are not directly observable and
need therefore suitable indicators, to become ascertainable (Bortz & Déring 1995). The de-
rived indicators have to be formulated as precise as possible, so that the empirical phenomena
which shall be covered can be unambiguously identified (Kromrey 2009). Therewith it be-
comes not only transparent how results were obtained, but also the temporal-spatial and inter-
personal applicability of the model and comparability of the results is enhanced. Furthermore,
the indicators need to cover all relevant elements of process plans, to identify disruptions and
to provide a realistic representation of the phenomenon. In this context, Kromrey (2009)
stresses that the individual elements need to delineate the semantic field for which indicators
shall be derived.

At this point, the semantic decomposition of disruptions from section 2.3.3 can be utilized for
a systematic and encompassing deduction of indicators. Following this methodology, indica-
tors should cover the material and immaterial process plans in their quantitative, qualitative,
spatial, and temporal dimensions. Thus, based on the terminology of Remer (2004), which has
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been further developed in section 2.3.3, the following methodology for deducing indicators
for disruptions is proposed:

Table 4: Framework for a systematic deduction of indicators for disruptions

MATERIAL IMMATERIAL

A1l N L2 I8

Bl .

Z|1 Il

A | 1-7 | 1 = Process Plan for Product Characteristic A-Z and Process Activity Source

For every field of the matrix, process plans could now be specified. Nevertheless, in practice
process plans do not necessarily cover every flow, every product characteristic and every ac-
tivity to the same extent. This has already been observed by van de Ven & Ferry (1980) who
admit that the distinction between product and information flow in practice frequently be-
comes “blurred” (p. 302). Instead, they are focused on the most important aspects, because
dynamic changes, complexity of planning and environmental factors otherwise lead to obso-
lete planning (Shen, Wang & Hao 2006; Ahmed & Sahinidis 1998; Moon, Kim & Hur 2002).
In consequence, some of the fields of the matrix might be left unspecified or process plans
may span multiple fields, if formulated on a more aggregated level.

However, also in between those indicators developed, there might by differences regarding
their importance. Therefore, the indicators should be weighted based on the relevancy of the
dimension which shall be covered by the indicator. For instance, during processing, the quan-
tity of provided inputs (i.e. quantitative vertical dimension) could be more critical than the
parallelity of processing several semi-finished products (i.e. temporal horizontal dimension).
A pair-wise comparison allows for prioritizing indicators which belong to the same field of
the process plan.

With the prioritization of indicators, this approach follows the principles of the Analytic Hier-
archy Process (AHP) developed by Saaty to structure and analyze complex decision making
situations (e.g. Saaty 1982). According to this approach, the relative importance of each crite-
rion is determined by pair-wise comparison between all elements which are on the same level.
Their importance can be interpreted as their contribution to the achievement of the overall
goal (Gotze 2006). However, whereas Saaty suggests the use of a nine-point scale for the
weighting of alternatives, the choice of scale may depend on the context of application and
shall therefore not be taken here. The illustration below demonstrates the logic for a simpli-
fied case, where indicators are either more important (= 1), less important (= 0), or equally
important (= 0.5).
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Table 5: Exemplified rating of process steps based on pair-wise comparison

B T N T
Al1=A|1|A|1>A2] A|1>A]3 All<Al6 0.5+1+1+..+0=".

PR Al2<A |l Al2=A]2] A]2=A]3 A|2<Al6]  0+0.5+0.5+.+0=...

R A3 <Al A3 =A2] A|3=A]3 Al3 <Al6]  0+0.5+0.5+..+0=...

Al6>A|1| Al6>A2| Al6>A]3 Al6=A]6 1+1+1+..40.5=3.5

A= Product Characteristic A; 1-6 = Process Activity 1-6
=:equal importance (0.5) ; >: higher importance (1); <: lower importance (0)

Apart from quantifying indicators regarding their relevancy, the question arises how to assess
them regarding the extent to which process plans have been achieved, respectively to the ex-
tent to which disruptions occurred. The extent of compliance or deviation depends thereby
also on the underlying measurement scale of the indicator, and may differ regarding meas-
urement quality (Kromrey 2009; Bortz & Doring 1995). Thus, there is firstly a need for a
general rule for how to operationalize indicators, as well as a rule for how to transform and
aggregate these measures. These rules will be developed in the next section.

2.4.3  Operationalization of Indicators

Before being able to determine the value of each indicator, they have to be operationalized so
that they can be measured (Diekmann 2002). According to Kromrey (2009), operationaliza-
tion means a guideline for action for an empirical utilization of terms. This implies a reasoned
and documented deduction of indicators, as well as of measures to be used for making indica-
tors accessible for empirical evaluation. Where several measures have to be derived, they can
again be weighted in pair-wise comparison, to assess their relative contribution in represent-
ing the indicator. They should thereby be selected in such a way that they cover the indicator
exhaustively, while being mutually exclusive to avoid double counting and representation
bias (Kromrey 2009). If the indicator is for example strawberry fruit quality, than measures
could be firmness, shear force, (Paull 1999) and colour. Whereas colour might not be that im-
portant to describe fruit quality during commercial handling between supply chain partners,
its relative importance might increase upon storage at retail, since consumers may evaluate
the colour more easily than e.g. shear force. Thus, prioritization of measures might vary dur-
ing different supply chain steps and cannot be assumed to be equal for every measure derived.

Once the values of the measures are obtained, the question arises, how to interpret the values
and how to transform them into one consistent measurement model, where values based on
different measuring units can be compared. Thus, firstly, for a measurement-internal interpre-
tation, not only the actual values have to be known, but also the targeted ones, to obtain a
benchmark. However, the targeted value may not be univocally defined, but may rather be a
range in which the actual outcome should fall. To avoid a normative definition of thresholds
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for the scoring model, the range should rather be based on general principles of statistical
evaluation. Furthermore, the proceeding should be based on already established techniques, to
avoid redundant work, increase reliability and foster easiness of use of the tool. Sources for
this information could be for instance quality control cards, in which processes are monitored
and controlled with the help of target values and boundary values (Dietrich 2005). Since the
method of quality control cards combines the use and interpretation of statistical techniques
with the implementation in manufacturing processes, is based on international ISO standards
and considers different types of data sources (Dietrich 2005), its methodology could be inte-
grated into the framework.

The purpose of this scoring model is to unambiguously identify and measure disruptions. As
disruptions are defined as significant negative deviations, deviations from optimal perform-
ance would have to be evaluated regarding whether they are significant or not. However, the
measures derived may require different procedures to develop some kinds of thresholds for
significance, due to for instance the nature of values, as well as the nature of distribution. Ac-
cording to Dietrich (2005), the first differentiation of measures can be done regarding the na-
ture of measures, which describe an indicator for the process plans. They can be differentiated
into being either quantitative or qualitative measures. Quantitative measures can be further
differentiated into being either discrete measures, or continuous measures. Therewith, both
kinds of measures cannot be illustrated on the same kind of scale, since discrete measures do
not allow for an interpretation of points in between integral numbers, whereas continuous
measures do allow this interpretation (Dietrich 2005; Kromrey 2009). The same applies also
to qualitative measures, which are either on an ordinal scale or on a nominal scale. Reliable
measurement and interpretation of values gets more difficult with less quantifiable values,
whereby also the usability of statistical methods is reduced (Kromrey 2009). Thus, if possible,
quantitative measures should be selected for identifying disruptions in a reliable and repro-
ducible way.

Depending on the nature of the measure, different statistical distributions in the basic popula-
tion can be assumed, which are important to determine for instance mean values of process
performance (Dietrich 2005). Thus, the kind of distribution in the basic population may vary
with the kind of measure chosen. The mean value of a measure in turn describes the average
realization of process plans aggregated over all observations of this measure (Bortz 1995).
Even though this value also only describes the realized outcomes and not the planned out-
comes, it may serve as an orientation point for the identification of significant deviations.
Based on the statistical distribution, each quantitative measure may be analyzed in the same
way across companies and supply chains and interpreted regarding standard deviations of ob-
servations, as well as regarding kurtosis and skewness of distribution (Janssen 2012). This
information could then be used to guide interpretation of process performance in a certain
case. For the chosen measures, companies and supply chains can now be analyzed in the same
way, provided that measures are valid for respective products and activities.
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However, regarding a comparison of variations between different measures of the same sup-
ply chain, still some challenges exist. Firstly, a rule of interpretation is missing, as the data
obtained needs to be analyzed regarding its conformance with the process plans. Therefore,
the data needs to be analyzed in comparison to its reference point and the distance to it also
requires identical interpretation across companies. This reference point could be either the
mean or median value, if evaluations should be based on past experience. Otherwise, the ref-
erence point is determined in advance, for example by standards, experiments, or operative
targets. Secondly, as already pointed out above, the measures are on different scales and can-
not be interpreted all to the same extent. Consequently, some statistical operations are only
reserved for those measures, which are either continuous or discrete, with qualitative meas-
ures being least interpretable (Kromrey 2009). Thirdly, the units of measurement differ, as
one measure might be based on degree Celsius, whereas another is based on e.g. kilograms.
Thus, also in between quantitative measures, comparison across measures is not possible,
whereby correlations cannot be analyzed, nor measures be aggregated for complexity reduc-
tion. Therefore, the values of measures need to be transformed to be interpretable on one scale,
to allow comparisons and categorization of values.

In general, it is possible to transform one scale into another one, if transformation does not
lead true statements to become wrong and vice versa (Kromrey 2009). However, transforming
nominal measures into measures with rank order is normally not feasible, as their qualitative
content can only be interpreted regarding equality or inequality (Diekmann 2002). Therefore,
these measures are normally undesirable if one wishes to interpret data in more dimensions
than only regarding equality or inequality. The integration of such qualitative measures may
on the one hand allow for a more complete picture of the process plans, but on the other hand
reduces the interpretability of data. Therefore, wherever possible, qualitative measures with-
out rank order should be translated into qualitative measures with rank order, or replaced by
other measures, if the objective is to compare disruptions. However, if the objective is to ana-
lyze a specific disruption in detail, such qualitative measures can be maintained. In any case,
the trade-off between precision and universality as discussed by Chmielewicz (1979) should
be considered during the development of measures.

The other three types of measures can at least be interpreted on an ordinal scale, hence the
values can be compared regarding their relative position (e.g. regarding utility) and their me-
dian values (Diekmann 2002). Therewith, at least indicators could be compared for different
shipments or different process steps, to identify where the process plans were achieved best
and where worst. However, for the unambiguous determination of performance, measures
should be either discrete or continuous. Whereas it is not possible to transform a scale of a
lower measurement level into a higher one, it is always possible to transform a higher meas-
urement level into a lower one (Kromrey 2009). Thereby, the continuous measures could be
attributed to classes, which reduces on the one hand their information content regarding the
actual value, but at the same time increases the comparability across values and measurements.
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Therewith, mean values across measures could be compared and variances calculated (Bortz
1995), which would allow for the definition of identical thresholds for the identification of
significant deviations.

However, since the range of potential categories of measures with rank order depends on the
context (Kromrey 2009), the operationalization has to be effected in such a way, that the en-
tire range of alternatives is allocated on a scale, which incorporates both ends of the possible
range (Eisenfiihr 2010). Once all alternatives have been allocated, they can be grouped to
classes on a numerical rating scale, e.g. a Likert scale, whereby the number of classes depends
on the context and is still a point of debate in the literature (Greving 2009). Thereby, classes
have to fulfil again the requirement of exhaustiveness and exclusiveness. Furthermore, they
have to be of equal size, to avoid bias in interpretation (Kromrey 2009). By the end of this
operation, all values obtained from the measures can now be compared and put into relation
on a single scale.

By comparing the classes or points attained in prior satisfactory supply chain processes to a
specific case under study, it is then possible to assess whether the current performance lies
within the standard range of process performance. If it does not fall into this range, a devia-
tion from the process plans has occurred. Depending on the extent of deviation and the limits
of acceptance defined, disruptions can be identified and measured regarding their severity.
Thereby, each class not belonging to the range of acceptance should receive a proportional
value, which indicates its distance to the desired class. The alternatives for determining
thresholds are illustrated in the form of a decision tree to cover all possible procedures in a
flexible and context-specific model (Gotze 2006) in Figure 17.
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Figure 14: Decision tree to transform measures for the identification of disruptions
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In a final step, the values can be weighted and aggregated to identify and evaluate disruptions.
In order to obtain for every part of the process plan a weighted disruption score after data col-
lection, the indicators need to be aggregated based on an aggregation rule. A general rule is
provided for instance by Multi Attribute Utility Theory (MAUT), where alternative choices
are evaluated and compared based on weighted selection criteria. Normally, these criteria are
independent from one another, wherefore each alternative is evaluated regarding its weighted
fill rate of every criterion and aggregated for all criteria (Gotze 2006). Furthermore, as the
scoring model focuses on disruptions and not on actual process performance, the results are
normalized to one:

_ VK WkXng
(1) Day =3k,

D, = disruption score process plan A | 1; wy = weighting factor criterion k; ny = utility fill rate criterion k

The same methodology can be used to aggregate the disruption scores for subsequent process
steps, as well as supply chain steps. Since both, measures and indicators have been con-
structed in such a way as to be independent from others, multiplying weighted measures with
one another would lead to a falsification of results. The compliance of one value with its
thresholds could thus lead to the conclusion that no disruption occurred, even though another
value has been out of range. However, process plans cover a wide range of aspects, where a
lack in fulfilling one aspect cannot necessarily be compensated by over-fulfilling another one.
Therefore, the weighted values of measures are added for each indicator, and subsequently for
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each field of the product/process matrix. Therewith, for each aspect of the process plan, the
presence of disruptions is identified by a disruption score larger than zero, while the extent of
disruption as well as its relevance can be assessed based on the share of the disruption score
of the maximum score of deviation. The individual components of the scoring model are illus-
trated for an example in Figure 15.

Figure 15: Exemplified course of action in the scoring model for disruptions

Product * Process . Part of * Creation of * Definition of

Characteristic Activity Process Plan indicators measures
J Preservation D Delivery DJ Chilled DJI, DJIV, .
Method Delivery Temperature average °C
- during transport DJIV,
<Sco rD highest excursion
T DJIV,

1 1 lowest excursion

l 2 (Wogtim 1) L f(DIV3) =WV *V; + WV,*V, + ...

* Aggregation of weighted measures ~ T———

Source 8: Own illustration, methodology based on Hiilsmann & Grapp (2006)

An amendment to this approach would be to consider uncertainty in decision making, by as-
sessing the relative importance of each criterion in different scenarios (e.g. Gotze 2006). Fur-
thermore, if the same indicators are used at several steps of the process, e.g. temperature
variation, outstanding values can be monitored and disruptions predicted, if rules exist for
how to cumulate values across process steps. Such rules can be provided for instance by
mathematical models of effects of temperature deviations (Ozilgen 2011), pressure
(Hendrickx et al. 1998), or relative humidity (Sacilik, Keskin & Elicin 2006) on food quality.
Therewith, the values of the measure in following process steps can be simulated for different
scenarios and a dynamic adaptation of interpretation rules of single measures or of entire indi-
cators created. These dynamically adapted interpretation rules can then serve as a decision
support for individuals receiving the food products next in the process. However, before try-
ing to analyze causal relations in empirical investigations, the question arises, which causal
relations have been identified already. Therefore, the next section shall provide an overview
on empirical research on causes of disruptions, to avoid redundancies and gain starting points
for own empirical research.

2.5 Deficits in Existing Causal Explanations of Disruptions
2.5.1 Scarcity of Explanations of Disruptions in General

In order to show the relevancy of research on causes of supply chain disruptions in general,
and more specifically in food supply chains, the purpose of section 2.5 is to illustrate the
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status-quo of research encountered in the literature review. Furthermore, starting points for
the identification of causes of disruptions shall be determined.

For the literature review on causal relations, this thesis follows the suggestions made by
Kornmeier (2007). He stipulates that the literature considered for a first overview on the phe-
nomenon under study should at least either include empirical observations on the phenome-
non in question, or should build on a theory-based argumentation, including the deduction of
hypotheses. Therefore, only those publications will be considered here, which build on em-
pirical observations, or which provide theory-based hypotheses on causes of disruptions in
supply chains.

As indicated earlier, research on disruptions in supply chains is still rather fragmented. Sys-
tematic analyses of causes of disruptions are therefore scarce, and anecdotal evidence prevails.
Following Popper (1973), the conclusion of observations in one case on the basic population
is invalid, wherefore no general causal relations can be derived from this anecdotal evidence.
Nevertheless, as Chmielewicz (1979) argues, these observations of single cases are suitable
for the discovery of potential general causal relations and may serve as a starting point for the
creation of hypotheses. The question is therefore, how to decide on the inclusion or exclusion
of publications in the identification of possible causes of supply chain disruptions.

Kornmeier (2007) differentiates research contributions based on their science theoretic quality
into narrative, empirical, vague theoretical connection, eclectically-used theory, and theory-
driven empirical publications. Furthermore, a fifth class was created, since many publications
dealt with the development of simulations or formal models to assess potential impacts of dis-
ruptions. These publications were also excluded from further analysis, since the data is gener-
ally based on rigorously defined assumptions that do not directly measure real-world phe-
nomena (Axelrod 2007), which is especially true for such complex phenomena as disruptions.
Therefore, all publications were assigned to one of these classes based on a content-analysis,
and only those publications further considered, which had either an empirical focus, or were
theory-driven empirical publications.’" All in all, 24 publications matched the quality criteria
and can be found in Table 6.

*1 The assignment was not unambiguously possible in all cases. If a publication could not be unambiguously

assigned to one of the classes excluded, this ambiguousness was neglected since in either case, the publica-
tion is not further regarded. However, where an assignment to either the excluded or included classes was
not clear, it was opted to assess the publication on the next exclusion criterion and to decide thereafter. An
overview on the allocation of publications can be found in the explanation volume.
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Table 6: Remaining publications and brief description of content

Theory-
Driven Em-

Empirically-Driven Approach

ical
pproach

pirica

2
<

Source

Gang Yu et al. 2003
Blackhurst et al. 2005

Holl, Pardo & Rama 2010

Levy 1997
McKinnon 2006
Bamber & Lansbury 1988

Hendricks & Singhal 2008
MacPherson 2008
Manuj & Mentzer 2008

Elkins et al. 2005

Closs D. & McGarrell 2004
Gorton, Dumitrashko &
White 2006

Jiittner 2005

Hendricks & Singhal 2003
Oke & Gopalakrishnan 2009

Zsidisin & Wagner 2010

Kleindorfer & Saad 2005

Norrman & Jansson 2004

Craighead et al. 2007

Desai 2011

Wagner & Bode 2006
Wau et al. 2006
Wagner & Bode 2008
Nair & Vidal 2011

Topic
Crew planning at continental airlines

Research issues for managing disruptions
Sophistication of manufacturing and choice of sup-
pliers

Lean production in an international context
Effect of disruptions on the British economy
Effect of managerial strategy on disruptions
Effect of supply chain disruptions on shareholder
value

Impact of Bio terrorism law on border delays
Classification of risks and proposal of mitigation
framework

Best practices of supply chain risk management

Enhancing security in supply chains
Disruptions in Moldovan dairy supply chains

Issues in supply chain risk management

Effect of glitches on shareholder wealth

Risk categorization and mitigation strategies
Supply side risks of disruptions and frequency of oc-
currence

Framework for risk assessment to avoid disruption
Proactive risk management & classification of risks
Design of supply networks to mitigate disruption
risks

Reaction of companies on disruptions scrutiny

Relationship between vulnerability and risk
Impact of IT on supply chain performance
Dimensions of risk and performance

Network design effects on robustness

Apart from the quality assessment based on the research on the science theoretic quality of the

publication, the remaining publications were assessed regarding their contribution to generate

starting points for the identification of causes of disruptions. Regarding the quantity of publi-
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cations on supply chain disruptions, it can be observed that the majority of contributions fo-
cuses on how disruptions might be mitigated (e.g. Christopher & Lee 2004; Chopra & Sodhi
2004; Kleindorfer & Saad 2005; Tang 2006; Tang & Tomlin 2008), or how the resilience of
supply chains after disruptions might be increased (e.g. Christopher & Rutherford 2004;
Sheffi 2005; Sheffi & Rice 2005; Zsidisin & Wagner 2010). In consequence, they were ex-
cluded of further analyses as the research focus does not match the requirements of this thesis.

However, regarding the quality of papers, few papers provide theoretically grounded and em-
pirically tested causal analyses. Rather, they provide conceptual frameworks for the assess-
ment of risks (e.g. Gaonkar & Viswanadham 2004; Sarathy 2006; Smith et al. 2007; Manuj &
Mentzer 2008), or deliver suggestions for practitioners on how to reduce the vulnerability of
supply chains (e.g. Yossi Sheffi 2001; Smith, Jennings & Castro 2005; Rice Jr 2011). Those
publications which dealt with causes of disruptions are marked in bold in Table 6. Finally, six
publications remained for a more thorough analysis.

One of the first publications on disruptions in production and distribution systems based on
empirical data dates back to 1988, when Bamber & Lansbury (1988) presented the results of a
long term observation of the performance of two identical technologically advanced distribu-
tion centres (DCs) for dry food. Whereas one of them performed well and increased its pro-
ductivity steadily, the other one experienced considerable performance inferiorities and fre-
quent disruptions of supply. The causes for these disruptions were traced back to enduring
conflicts between the workers and the management of the DC, which led to labour strikes,
boycotts and acts of sabotage. They conclude that managerial strategies, work organization
and patterns of industrial organization may have a larger impact on organizational behaviour
and productivity, than the type of technology applied. Hence, in this case a disruption oc-
curred because of intentional deviations by the employees. Therewith, disruptions were at
least accepted by the employees, though not necessarily expected by the management.
Thereby, this case highlights that discrepancies between objectives of the management and
objectives of employees are not necessarily the same and may provoke the occurrence of dis-
ruptions.

This view is supported by Albino, Garavelli & Okogbaa (1998), who investigate the vulner-
ability of a production system in a multi-supplier network and conclude that the performance
of the system is dependent on the system’s characteristics. The focus of analysis is thereby on
delays in the throughput time and backorders, influenced by the number of product types and
mean size of product mix per container. In a case study, they come to the conclusion that vul-
nerability to disruptions can be reduced by reconsidering the design and management of the
production system, for example by introducing buffers or investing in new facilities. Hence,
the design of the quantitative and spatial process flows could influence the probability of dis-
ruptions.
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The decision on facility locations is also a central theme in Holl, Pardo & Rama (2010), who
investigate the role of supplier location for the avoidance of disruptions in just-in-time (JIT)
production in the Spanish automotive industry. They find out that in general, the risks of dis-
ruptions tend to increase with the travel distance between supply chain partners. However,
they also point out that stable subcontracting relationships seem to allow for more geographic
dispersion of companies. Thus, apart from physical distances, the relationship between com-
panies seems to play a role in causes of supply chain disruptions.

However, stable relationships with suppliers or customers might also increase the exposure of
companies to disruptions, if it comes to dependencies. Based on a case study of a US retailer,
Oke & Gopalakrishnan (2009) report on the potential of disruptions due to shut downs of key
suppliers from China. According to them, apart from supplier dependence, also dependence
on customers might lead to disruptions, if demand is volatile and unpredictable. Furthermore,
they state that seasonality of production can lead to disruptions, if supply cannot be ade-
quately planned. Hence, volume uncertainty seems to influence how the kind of relationship
affects the occurrence of disruptions.

Similar results of several focus group discussions are presented by Jiittner (2005), who high-
lights the importance of the relationships in the supply chain as a source of disruptions, which
in turn are positively related to the complexity of the network and the degree of geographic
spread of a supply chain. Hence, apart from physical distance of companies in the supply
chain, the number of companies and relationships seems to influence disruptions as well as
the degree of interdependencies. Taken together, these factors could be grouped to the quality
of relationship between companies in the supply chain.

The importance of the quality of relationship is also highlighted by Gorton, Dumitrashko &
White (2006), who investigated the performance development of the Moldovan milk sector
after privatization of formerly state-owned farms. In this case, the privatization and split up of
formerly land and milk production led to the fragmentation of the supply chain and resulted in
considerable performance losses for the entire sector. From a case study, they report on how a
dairy processor tackled the problem of frequent disruptions due to contamination and lacking
cold chain equipment with its suppliers. In order to assure a steady supply and certain quality,
this company was forced to establish long-term contracts with suppliers on the one hand, and
to invest in quality monitoring equipment at its suppliers on the other hand. Therewith, the
company achieved a reduction of disruptions and improvement of its market position. Hence,
the quality of relationship was increased by transaction specific investments and more long-
term relationships with transaction partners, whereby the probability of disruptions was re-
duced.

In a cross-sector empirical research, Craighead et al. (2007) find also evidence for the impor-
tant role of the supply chain design in the occurrence and severity of supply chain disruptions.
Based on their findings from industries such as the automobile and pharmaceutical industry,
as well as from retailers and logistics service providers, they propose that the geographical
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density of nodes in a supply chain, the complexity of the supply chain, and the node criticality
seem to be positively related to the severity of supply chain disruptions.

Apart from these empirical publications, only four publications were identified, which devel-
oped theory-based hypotheses on supply chain disruptions, and tested them empirically after-
wards. Of those, only one was concerned with the identification of causes for the exposure of
supply chains to disruptions.

Based on a literature review on supply chain management risks and disruptions, as well as
Normal Accident Theory®, Wagner & Bode (2006) derive hypotheses on the influence of
supply chain design factors on the impact of supply chain disruptions. In a large scale and
cross-industry survey in German companies, they find evidence for their assumptions on the
relationship between inter-company dependence and types of sourcing on the impact of de-
mand, supply and catastrophic disruptions. Specifically, the study comes to the conclusion
that demand-side risk (as the effect of a disruption) is amplified by strong customer depend-
ence and strong supplier dependence, whereas supply-side risk is enhanced by supplier de-
pendence, single sourcing and global sourcing. Additionally, a highly significant effect was
found for the reliance on global sourcing in the presence of catastrophic disruptions. Interest-
ingly, single sourcing was found to be less detrimental to supply-side risk than general de-
pendence on few suppliers. The authors argue that this might be due to the closer relationship,
which enforces long-term commitment, mutual trust, open communication and joint activities.
Thus, it seems as if the kind of exchange relationship a company develops with its exchange
partners may determine the severity of disruptions for the company.

In summary, these empirical contributions suggest that the design of relationships between
supply chain partners affects the probability and severity of supply chain disruptions, even
though the literature basis is still thin. However, either the theoretical and empirical founda-
tions are insufficient, or the research did not ask for causes of disruptions. Hence, what has
not been addressed in the literature up to date is a theory-based and empirically tested possi-
ble relationship between the design of relationships in supply chains and the occurrence of
disruptions.

In consequence, generally valid, theory-based, and empirically tested causal explanations of
why disruptions occur, are lacking, or still in development. Nevertheless, from the scarce evi-
dence available, there seems to be agreement that the way in which supply chain partners de-
sign their relationships specifically with each other, and how they deal with factors emerging
from their general business environment influences the probability of disruptions. Further-
more, these results show that also for food supply chains, little research has been conducted to
identify organizational causes of disruptions. However, especially in these supply chains, dis-
ruptions are of high relevance, as will be shown in the following.

32 E.g. Perrow (1999), Perrow (2006), Shrivastava, Sonpar & Pazzaglia (2009).
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2.5.2  Multitude of Challenges in Food Supply Chains

As already stated earlier, disruptions in food supply chains are increasingly gaining attention
from researchers, practitioners, but also official authorities and the society in general. How-
ever, whereas food scandals rise awareness of challenges in food supply chains, actual data on
food supply chain disruptions remains scarce, as actors in food supply chains are normally
highly protective of their data (e.g. Gustavsson et al. 2011; Parfitt, Barthel & Macnaughton
2010; Bechini et al. 2008). A recent review of the literature on food supply chain disruptions
can be found in Hiilsmann & Brenner (2011), who address mainly the questions of where the
disruptions occur in the food supply chain, what kind of disruptions seem to prevail, and how
their occurrence and effects could be mitigated. In this study, empirical analyses of challenges
in food supply chains have been gathered and summarized, to identify major problems. Based
on this meta-analysis, the study comes to the conclusion that disruptions may lead to food
waste of about 30-50% between the farm and the consumer (Hiilsmann & Brenner 2011). It
seems therefore that the field of disruptions in food supply chains is firstly, still lacking fur-
ther research, and secondly, solutions to reduce these significant losses along the food supply
chain.

This meta-analysis shall serve three purposes in this thesis: firstly, it affirms the relevancy to
explain the occurrence of disruptions in the context of food supply chains. Secondly, it pro-
vides an overview on food supply chain specific challenges and of the sector in general. And
thirdly, it enables the identification of starting points for the analysis of causes of disruptions,
by revealing relevant areas of disruptions in food supply chains. The following paragraphs
therefore are to large extent excerpts of this study and subsume the findings on characteristics
of food supply chains, as well as potential causes of disruptions.

The internationalization of trade has substantially affected the complexity of supply chains
(Boing & Schwarz 2005). Logistic service providers (LSP) face increasingly complicated
business processes, coupled with more sensitive customers as well as fast changing demand
behaviour (Hasselmann 2008). The reasons making international logistics so challenging are
manifold. They include among others:

« frequent transport mode changes

« longer distances to overcome

« disruptions due to border crossings

« larger order sizes

« different laws and regulations (Waters 2009)

Consequences are time-consuming logistic operations, increased risks regarding quality and
conformity of transport and commodity, as well as more irregularities (Waters 2009). Espe-

cially for fresh food products such as fruit and vegetables (produce), transport obstacles play a
significant role, as the shelf life is restricted and directly related to the maintenance of exact
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temperature ranges (Frith 1991). In order to avoid shrinkage and economic losses, it can be
stated that it is imperative to maintain optimal conditions in terms of temperature, humidity
and handling from harvest to the home of the consumer (Nunes et al. 2009).

The reason why temperature plays an important role is that storage life varies significantly
between different types of horticultural products and can be considerably reduced by storing
the product under wrong temperatures (Paull 1999).While temperature control is required to
reduce metabolic processes of produce, relative humidity (RH) should be kept at elevated
rates as the moisture contained in fruit and vegetables evaporates if stored at regular ambient
humidity levels, resulting in moisture loss and increased wilting (Zhang 1997). The specific
characteristics of produce have not only implications for storage, but also for all other activi-
ties associated with handling the product in supply chains.

For instance, pre-cooling is crucial to prolong the potential shelf life of the produce and to
reduce field heat prior to loading (Frith 1991). Correct packaging is necessary to avoid me-
chanical damages which can account for elevated loss rates (Nunes et al. 2009). Furthermore,
packaging can help to protect the produce from ambient temperature and humidity losses
(Manalili, Dorado & van Otterdijk 2011). During transport, the constant maintenance of op-
timal temperature conditions has to be achieved to provide produce and other fresh products
in best quality (Brecht et al. 2003). Thereby, not only the duration of transport is crucial, but
also the frequency and extent of temperature deviations encountered in transit (Nunes, Emond
& Brecht 2006). Thus, the susceptibility to disruptions seems to be especially high as during
transportation and transformation processes, special conditions have to be met, which are not
determined by the supply chain partners, but by the products shipped. The question is thus,
whether the determinants of causes of disruptions identified in the general supply chain litera-
ture are firstly, the same for food supply chains, and secondly, can be further specified. The
following paragraphs are the summary of findings from the literature as reported by Hiils-
mann & Brenner (2011). In this study, the results have thereby been divided based on the ana-
lyzed process flow into monetary flow, information flow, and product flow and regarding the
institutional perspective into company level, relationship level, and environmental level:*

At the level of monetary flow, relatively few observations on causes of supply chain disrup-
tions have been made. On the company level, no obstacles were reported, which is supposedly
attributed to the lack of information and the difficulty to generalize findings of company spe-
cific financial concerns.

At the level of interaction of companies, it has been stated that the certification according to
private quality management standards is a costly process (e.g. Smith & Sparks 2004). This is
especially a concern for poor farmers, as they might be excluded from the export industry of
fruit and vegetables. In South Africa for example, 10% of all apple producers faced liquida-

3 The following paragraphs have been published in a previous version in Hiilsmann & Brenner (2011, pp. 21—

24).
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tion of their businesses in 2000 (Hardmann, Darroch & Ortmann 2002). While by reducing
the supplier base, the quality management is supposedly enhanced, companies might need to
find other ways to cut costs, such as to hire unskilled staff or to postpone investments in
equipment. At the same time, farmers and exporters are in an unfavourable position, as they
cannot control the handling of their products up to the delivery. Even if they fully comply
with the demands of their customers at the company level, they do not have the means to as-
sure the same level of accuracy by the numerous handling companies (Vermeulen et al. 2006).
Consequently, the lack of control and transparency leads to inferior assurance of property
rights.

Regarding the level of external impacts, it has been reported that the economic situation of
companies can be affected by legal and environmental changes. Especially the increasing im-
portance of food safety regulations can impact on the business environment and can result in
further investments, changes in daily practices and the structure of trade. Lister (1992) even
reports that due to changes in national law, economic shifts between companies can occur.
This is a source of uncertainty for companies and requires the permanent observation of the
market forces.

Regarding the information flow at the company level, the inefficient use or applicability of
temperature monitoring equipment poses difficulties for the seamless traceability of products
(e.g. Bechini et al. 2008). Furthermore, the data obtained from the monitoring process is not
meaningful in itself, but requires correct interpretation in the context of the circumstances to
allow for an assertion on the quality (Wild 2005). This makes the quality control prone to sub-
jective valuations, as objective and generally accepted maturity standards are missing.

Most problems concerned with the flow of information were found on the level of interaction
among the companies (e.g. Alfaro & Rébade; van der Vorst et al. 1998; Manthou, Matopoulos
& Vlachopoulou 2005). The general impression is provided that the implementation of inter-
company information and communication systems has not been developed to the required ex-
tent, yet. This is partly due to resistance of managers to the implementation, ignorance of the
acquaintance with the technology and due to the heterogeneity of the perishable trade sector.
The lack of an adequate information infrastructure leads to a deficient information and com-
munication, while the demand for information by customers and authorities keeps rising. An
exemplified consequence is reported by Chandra & Fisher (1994), who found out that the op-
erating costs can be reduced by 3% to 20% only by improving coordination.**

Further obstacles are added from the external perspective, where problems were related
mainly to complex and inharmonious legislation (e.g. Long 2004; MacMaolain 2007). The
lack of harmonized regulations leads to redundancies in documents and more pressure on
every link of the cold chain. One study asserts for example that for a pilot project, four pallets

** Note by the author: this example is a computational study of supply chains in general. As can be seen, it

serves for illustration of potential improvements, and does not refer to causes of disruptions.
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of fruit were used, which required 40 documents during transport (Polderdijk et al. 2006).
Thereby, the inefficiencies of the information flow are aggravated and the compliance with
regulatory demands endangered.

At the level of the product flow, a huge number of handling-related problems have been ob-
served at every single step of the cold chain (e.g. Nunes, Emond & Brecht 2006; Nunes et al.
2009). Especially the management and equipment in cold chains show a range of inferiorities,
which are avoidable. Lacking, delayed or wrong cooling are persistent not only at interfaces®,
but also on the company level, which indicates missing appreciation and knowledge on how
to correctly handle the produce.

Furthermore, at the inter-company level, major concerns were related to the human aspect in
cold chain logistics (e.g. Fearne & Hughes 2005; Kader 2005). The lack of skills in terms of
handling or management was reported frequently as the origin of cold chain ruptures. These
human causes have a direct impact on the quality of the produce, especially losses due to poor
temperature management and mechanical damage can be attributed.

From the external perspective, as has been the case at the level of the monetary flow, regula-
tory and environmental changes were reported to affect the flow of the produce. An additional
challenge, which is special to the trade of fruit and vegetables and which has been mentioned
frequently, is the seasonality of the produce availability (e.g. Georgiadis, Vlachos & Iakovou
2005; Vega 2008). Thereby, more pressure is put on the logistic process, creating bottlenecks
in peak seasons and idle capacities in off-seasons.

In general, it is not possible to determine the influence of specific causes on the overall per-
formance of cold chains. As has been shown, there is a wide range of obstacles, which affect
the fruit quality negatively. To assess the significance of every single problem for the remain-
ing shelf life and for every commodity is not feasible, yet. However, the overall result is that
estimated losses from farm to fork amount to 30% to 50% of fruit and vegetables produced
(e.g. Kader 2005, Vega 2008).

Regarding the findings of the literature research, it can be stated that the majority of studies
revealed obstacles in the information and material flow, whereby the relationship between
supply chain agents was the typically affected management perspective. Thus, it can be said
that most problems seem to arise when the produce is handed over to the next agent and that
the inter-company management of interfaces causes major ruptures. This is especially prob-
lematic, since the supply chain for agricultural products is still very fragmented. If the major

3 The term interface design is frequently used in the disciplines of computer science and engineering (c.g.
Hennessy & Patterson 1998; Lopez Jaquero et al. 2009; Vicente 2002; Puerta 2009). The term interface is
also used in the context of ruptures (see: Koyanagi et al. 2004), and additionally, has already found its way

into the supply chain management literature (see: Peck & Jiittner 2000).
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weaknesses do not occur on the level of the single company, strategies to improve the per-
formance might not yield the expected results, if only taken by one actor.>

The observations summarised in the study cited above indicate firstly, that supply chain dis-
ruptions play a significant role in food supply chains. Secondly, there seem to be a multitude
of possible causes of disruptions, being either external to the system, internal to the system, or
internal to the single organisation. Since the consideration of causes on the external level
would significantly increase the complexity of analysis and reduce the manageability of
causes for organizations, the following sections will focus on those potential causes within the
scope of supply chain organizations. This focus of attention is further stressed by the observa-
tion that most challenges seem to exist at interfaces between companies, as apparently these
are the areas where most supply chain disruptions occur. Referring back to the determinants
of disruptions encountered in the general supply chain related research in section 2.5.1, the
design of relationships also seem to be a determinant of disruptions in food supply chains. In
consequence, the design of relationships and their potential impacts on disruptions in food
supply chains will be put into focus in this thesis.

However, even though potential determinants of disruptions have been highlighted in this sec-
tion, causes of disruptions still remain on a rather abstract level. Furthermore, as the results of
the meta-analysis are based partly on case studies and many publications included lack theo-
retical foundation, a more thorough analysis of causes of disruptions is required. Therefore, in
section 2.5.3, the research focus will be further refined, to allow subsequently identification of
a suitable theoretical basis and the following deduction of hypotheses.

2.5.3 Weak Points in Food Supply Chains

Considering the multi-causal nature of disruptions as illustrated in section 2.2.3, and the lack
of comprehensive empirical data on disruptions in food supply chains as pointed out above,
the question is how to identify causes of disruptions in food supply chains. To this purpose,
the study by Hiilsmann & Brenner (2011) provides again a starting point, as in the appendix
of the study, causes of disruptions encountered in the literature are provided not on an aggre-
gated level, but how they were encountered. This list cites the causes encountered during the
literature review, which can therefore be analyzed in detail.

As has already been argued for the classification of disruptions, the causes of disruptions
listed in this study shall be categorized based on a content analysis into different groups of
causes. However, as the focus of this research lies on causes which emerge from inside the
supply chain, those causes from the larger environment will not be considered. Therefore, a
classification framework is required, which decomposes supply chains conceptually in a com-
prehensive and systematic way, to allow for an identification of groups of causes for supply
chain disruptions. Such a classification can be done for instance with the matrix framework

% The previous paragraphs have been published in a previous version in Hiilsmann & Brenner (2011, pp. 21—

24).
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for supply chain optimization provided by Bolstorff, Rosenbaum & Poluha (2007). First, they
decompose a supply chain into the elements institution,’” process, people/tasks, and technol-
ogy to indicate the focus of analysis. Second, they decompose the activities or managerial
tasks into objectives of the supply chain strategy, structuring of the supply chain, and plan-
ning, controlling, and measuring of the supply chain. Supply chain disruptions can thereby be
categorized depending on where the disruption is observed, and depending on what causes the
disruption.

Objectives of the supply chain strategy are concerned with the question, whether an overall
strategy exists at all, whether this strategy has been adequately linked across company borders
along the supply chain, and whether tasks and work requirements are adequately connected to
planning, purchasing, production, supply- and return processes (Bolstorff, Rosenbaum & Po-
luha 2007). Regarding the structuring of the supply chain, the performance is determined by
the questions, whether the supply chain structure is efficient and effective on the institutional,
the process-related, the personnel, and the technological level. And finally, regarding plan-
ning, controlling and measuring of supply chain elements, the framework is concerned with
whether the desired performance is adequately determined by sub-goals and rules for action to
be adhered to during execution for compliance with the objectives (Bolstorff, Rosenbaum &
Poluha 2007). This procedure does not demand for completeness, but shall only provide a
broad overview on starting points for a systematic and more profound analysis. Even though
the number of publications addressing a certain field of the matrix does not necessarily reflect
the importance of the dimension, the overall amount of publications considered may serve as
an indicator for major weak points of food supply chains deemed relevant in the literature.
The following table shows the results of the qualitative classification of the determinants of
disruptions by the publications, which have been included by Hiilsmann & Brenner (2011).

37 Even though Bolstorff, Rosenbaum & Poluha (2007) use the German term “Organisation®, they refer to an

organized social system Remer (2005) and therewith to the institutional aspect of “Organisation”. Even
though they follow thereby the understanding of the term as prevalent in the Anglo-Saxon organization lit-
erature Hill, Fehlbaum & Ulrich (1994), for reason of unambiguity the term institution is selected in the
translation of the framework. For a discussion of different understandings of “Organisation®, see e.g. Hiils-
mann (2002).
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Table 7: Qualitative allocation of causes of food supply chain disruptions

Supply Chain Element

Managerial Task

Objectives Structuring

supply chain complex-
ity"; heterogeneity of
actors”; fragmented

supply base®; complex

links between produc-
tion and consump-

ply chains in emerging
countries”; inadequate
infrastructure; com-

Institution

plexity of interaction of

chain members®; big
scale differences of ac-
tors”

long transport dis-
tances'”; transport
mode changes; inter-
faces"?; superfluous
stages<3 ). long distribu-
tion routes”; small or-
der sizes, frequent de-
liveries, interfaces, fre-

Process

tance to market((’);
transport mode
changes”; inadequate
transportation sys-
tems®?’

38

39

40

tion”; fragmented sup-

quent transitions®; dis-

Planning, Controlling & Measuring >

lack of administration of transactions
(Trienekens & Zuurbier 2008)

necessity of cost reduction, fluctuations in
demand ; maintenance of optimal tem-
perature not attained®; poor coordina-
tion; variety in production, export and
losses™; premature loading‘5 ); lack of cool-
ing at reception and issue®; time pres-
sure'”; defects caused in transit®; poor
control of environment; coordination not
casy""”; temperature deviations during
loading and unloading"""; delays"?; diffi-
culties of controlling temperature"?; in-
adequate temperature'?; delays""”; inade-
quate control"'”; fluctuations in supply
performance; uncertainties"”; loosely con-
trolled storage; lack of administration of
transactions, inadequate food control, lack
of preventive action and education; weak
sanction mechanisms!'**’

27

(1) Bourlakis & Weightman 2004; (2) Canavari et al. 2010; (3) Dolan & Humphrey 2000; (4) Lundqvist, de
Fraiture & Molden 2008; (5) Mowat & Collins 2000; (6) Vega 2008; (7) Zhang 1997.

(1) Bentrup 1969; (2) Bogataj, Bogataj & Vodopivec 2005; (3) Drewry Shipping Consultants 1990; (4) Im-
sirovic 2009; (5) Littek 2005; (6) Lundqyvist, de Fraiture & Molden 2008; (7) Siebel 2000; (8) Vega 2008.
(1) Boing & Schwarz 2005; (2) Brecht et al. 2003; (3) Chandra & Fisher 1994; (4) Drewry Shipping Con-
sultants 1990; (5) Freight Best Practice 2006; (6) Hasselmann 2008; (7) Jedermann et al. 2006; (8) Lange &
Nienhoff 2007; (9) Laurin et al. 2006; (10) Long 2004; (11) Meier 1979; (12) Nunes et al. 1995a; (13)
Nunes, Emond & Brecht 2006; (14) Nunes et al. 2009; (15) Nunes et al. 1995b; (16) Rodriguez-Bermejo et
al. 2007; (17) van Aramyan et al. 2007; (18) Aidoo 1993; (19) Trienekens & Zuurbier 2008.
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Managerial Task
Objectives Structuring Planning, Controlling & Measuring >
lack of managerial skills; mechanical dam-

age'"; resistance of managers®; sanitary
violations, pesticide violations and unreg-

% istered processes“”; lack of skilled staff;

ﬁ fluctuation of staff “; mechanical dam-

~ age(5); ignorant handlers'”; theft, untrust-
= @ : 7. . 14
5 g worthy and poorly paid staff”; untrained
g 2 and ignorant staff®; wrong loading and
5 & storage”; mechanical damage'”; lack of
= education, unskilled staff and misunder-
= standings''"; cultural differences"?; lack
L; of skilled staff®; mishandling" "'
= Agreements lack of standardization dispersed information; lack of association
7 o fo% racking of traceability sys- with a given product'"; decentralized data

L and tracing temii’;.heterog‘eneous storage'”; lack of teg}perature control®;

'é‘ difficult to ICT'; ineffective lack Aof data sharing (5% problem of re- 14

< reach (Ca- transport/g)torage tech- cordmg ter(rﬁl)perature 5 heterogeneous use

2 navari et al. nolggles H abs'epce of  ofinternet (7;) lack of 1.nf0rmat10n on prod—

2010) rf:frlgerated facili- upt’s needs'”; unspecified data defini-
ties®* tions®; erroneous controllers®*
P 1 19 43 63

Source 9: Own illustration; content from Hiilsmann & Brenner (2011)

From the literature review encountered in Hiilsmann & Brenner (2011), a total of 63 state-
ments were identified, which dealt with causes of disruptions internal to the food supply chain.
Of those, only one statement dealt with causes for disruptions on the level of objectives of the
supply chain strategy. This statement has been made by Canavari et al. (2010), who note that
agreements on tracking and tracing are difficult to reach along the entire supply chain and that
without such an agreement, the information flow remains inefficient. Therefore, the objectives
regarding the institutional, process-related, personnel and technological elements of food sup-
ply chains do not seem to be a major cause for disruptions and will consequently be excluded

in the following.
On the level of structuring of supply chain elements, in total 19 statements were found. Re-

garding the institutional element, Zhang (1997) for instance criticizes the large scale differ-
ences between actors in the supply chain, while Dolan & Humphrey (2000) complain about

4 (1) Aidoo 1993; (2) Alfaro & Rabade 2009; (3) Bundesamt fiir Verbraucherschutz und Lebensmittelsicher-
heit 2007; (4) Fearne & Hughes 2000; (5) Holt, Schoorl & Muirhead; (6) Kader 2005; (7) Long 2004; (8)
Meier 1979; (9) Mercantila Publishers 1989; (10) Nunes et al. 2009; (11) Raspor 2008; (12) Schieck 2008;
(13) Trienekens & Zuurbier 2008; (14) Vega 2008.

2 (1) Abad et al. 2009; (2) Coronado Mondragon, Coronado Mondragon & Coronado Mondragon 2009; (3)
Lundqvist, de Fraiture & Molden 2008; (4) Nunes, Emond & Brecht 2006.

(1) Banterle & Stranieri 2008; (2) Bechini et al. 2008; (3) Frith 1991; (4) Kader 2005; (5) Kiippers 2002b;
(6) Manthou, Matopoulos & Vlachopoulou 2005; (7) Nunes, Emond & Brecht 2006; (8) van der Vorst et al.
1998; (9) Wild 2005.
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the fragmentation of supply chains. These authors see in the size or number of agents a major
reason for disruptions. Regarding the process-related structuring, the necessity to supply small
order quantities is identified by Littek (2005) as a reason for food supply chain disruptions,
whereas Lundqvist, de Fraiture & Molden (2008) note that the distance to markets is a cause
for disruptions. On the technological level, Nunes, Emond & Brecht (2006) complain about
the absence of cooling facilities, while Coronado Mondragon, Coronado Mondragon & Coro-
nado Mondragon (2009) add use of non-efficient ICT. Thus, whereas already more causes are
named on the level of structuring, especially for the process element of supply chains, the ma-
jority of reasons are identified on the last level of managerial tasks.

The level, to which most of the publications refer when addressing causes for food supply
chain disruptions, is the level of planning, controlling, and measuring supply chain activities.
Regarding the institutional element, Trienekens & Zuurbier (2008) name the differences in
standardization of processing and distribution activities across European food supply chains.
However, as there is just one publication referring to this level, it seems to be negligible for
further analysis. More publications already address the technological element, where e.g.
Kiippers (2002b) speak of problems in recording temperature, van der Vorst, Beulens & van
Beek (2005) note the lack of specifying data definitions, and Wild (2005) observes frequent
temperature ruptures due to erroneous controllers. Hence, regarding the technological element
of supply chains, there seem to be major problems in controlling and measuring activities.

Nevertheless, even though the technological element seems to play a role in the occurrence of
disruptions, it is still named fewer times (i.e. 9 times) than the personnel/tasks (i.e. 14 times)
and the process element (i.e. 19 times). Thus, whereas e.g. erroneous controllers fulfil the
definition of unexpected events which might lead to disruptions, they seem to occur less fre-
quent than errors committed by individuals, hence, deviations due to ignorance or failure “zo
enact his or her intention successfully” (Hofmann & Frese 2011, p. 3). Therefore, these two
will be regarded in more detail.

On the level of the personnel and tasks, optimization potential can be identified according to
Bolstorff, Rosenbaum & Poluha (2007) by asking, whether the executing personnel is in pos-
session of required knowledge and abilities to attain the objectives of the task at hand and
knows the rules and regulations to comply with. This does not always seem to be the case in
food supply chains, as e.g. Fearne & Hughes (2000) and Trienekens & Zuurbier (2008) rec-
ognize a lack of skilled staff, whereas Kader (2005) notices a lack of knowledge on how to
maintain quality, which is supported by Meier (1979) who speaks of ignorant staff. Further-
more, Vega (2008) reports mishandling, while others report excessive use of pesticides
(Bundesamt fiir Verbraucherschutz und Lebensmittelsicherheit 2007) or wrong storage (Mer-
cantila Publishers 1989). And finally, personnel should be rewarded in an adequate way for
attaining their goals and performance feedback should be provided. Again, in food supply
chains, Trienekens & Zuurbier (2008) report weak sanction mechanisms, whereas Long (2004)
observes that personnel is frequently not paid adequately. With a lack of incentives, in the
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form of e.g. performance-based premiums or a higher compensation in general, motivation is
likely to be low, whereby the level of attention for the execution of tasks might be reduced.
As a consequence, more errors might result. Therefore, it can be assumed that inferior sanc-
tion and reward mechanisms also contribute to the probability of disruptions. All in all, 14
statements could be attributed to this level of the supply chain.

On the process level, the identification of optimization potential is concerned e.g. with ques-
tions regarding, whether sub-goals for the planning, purchasing, production, supply, and re-
turn processes have been determined, whether the performance of these processes is ade-
quately controlled and measured, and whether interfaces between process steps are planned,
controlled, and measured (Bolstorff, Rosenbaum & Poluha 2007). Considering the observa-
tions made in food supply chains, this seems to be frequently not the case. Trienekens &
Zuurbier (2008) for example report a lack of administration of transactions, inadequate con-
trol of food quality, and a lack of preventive action. Hasselmann (2008) notes a lack of cool-
ing at the reception and issue of food, Freight Best Practice (2006) the widely used practice to
load vehicles too early, and Nunes, Emond & Brecht (2006) that containers with perishables
are left during hours on hot aprons. Furthermore, Chandra & Fisher (1994) highlights the im-
portance of inferior coordination of the processes, which is supported by Drewry Shipping
Consultants (1990), who state that temperature deviations are especially occurring at the inter-
faces in food supply chains. Thus, it seems as if processes are not adequately planned, con-
trolled, and monitored at interfaces between supply chain partners. All in all, 19 statements
were found which referred to causes of disruptions in the planning, control and measurement
of the supply chain processes.

Subsuming the results of this categorization, it seems as if most frequently, disruptions are not
caused by technical failures or wrong supply chain strategies, but rather by lacking process
coordination and human error during execution of operational activities. Thereby, failures in
the managerial tasks of planning, control and measuring seem to be a major reason, why food
supply chains experience disruptions. According to Reason (1990) human errors occur when
decisions do not lead to the expected results. If they happen on a regular basis in the same or
similar context, then they are systematic errors (Badke-Schaub, Hofinger & Lauche 2008).
Due to the reported frequency of disruptions in food supply chains in the same or similar con-
texts, it can hence be assumed that these errors occur systematically. In such cases, either the
position has not been filled suitably, or the individual lacks instructions on how to perform its
tasks, or the surrounding conditions do not allow for optimal decision making of the individ-
ual. In any case, the instruments employed by the organization to achieve its goals have not
worked as expected, which is according to Hill, Fehlbaum & Ulrich (1994) the classical or-
ganizational problem. However, this content analysis also bears some constraints as some im-
portant causes of disruptions might not have been identified in prior research, which would
consequently also be omitted here. Furthermore, the attribution of reported issues to the
classes bears the risk of lacking inter-subjective or inter-coder reliability (Kromrey 2009).
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Therefore, in order to validate the conclusions drawn from this content analysis, an explora-
tory survey with 20 cold chain experts was conducted on most important causes of disruptions
in food supply chains.** Based on the results of the meta-analysis, managers of companies
providing services in cold chain management were asked to name the biggest challenges for
seamless process flows in cold chains. Thereby, 70% considered the information flow to be
more problematic than the product flow, whereby especially communication (90% confirma-
tion) and the information flow between companies (95% confirmation) was identified as the
main impediment of seamless processes. Therewith, the cold chain experts affirm the conclu-
sion of the content analysis that the coordination of processes at the interface between supply
chain partners seems to affect the susceptibility to disruptions.

According to Frese, Graumann & Theuvsen (2012), coordination efforts at interfaces can be
reduced by regulating communication between affected units, and by employing structuring
measures to define coordination requirements. By deciding on coordination measures, the in-
ter-organizational structure is addressed and how it is designed to optimally achieve the coor-
dination of sub-tasks of the system (Hill, Fehlbaum & Ulrich 1994). At the same time, Frese,
Graumann & Theuvsen (2012) see restrictions to the management of interfaces by regulating
communication, since conflicting goals of departments may impede coordination in confor-
mance with overall goals. Especially at interfaces between companies such conflicts are
probably more pronounced than between departments of a single company. Therewith, the
regulation of communication and structuring of coordination may depend on the similarity or
divergence between the goals of supply chain partners. Considering that whether supply
chains are more or less susceptible to disruptions seems to depend firstly, on the quality of
relationship between supply chain partners, secondly, on the planning, monitoring and control
of processes and humans or tasks and thirdly, on the communication and coordination at inter-
faces, the question results:

How does the organizational design of interfaces in supply chains affect the
vulnerability to disruptions?

Before this question can be answered, it has to be translated into hypotheses and subsequently
operationalized (Kromrey 2009). Therefore, the theoretic framework for translating this ques-
tion into hypotheses will be developed in section 3.

2.6 Interim Conclusion

The purpose of section 2 is according to the descriptive research aims firstly, the identifica-
tion of the problem, and secondly the provision of a terminological and taxonomical frame-
work for the description and classification of disruptions, to allow for the deduction of hy-
potheses and their empirical testing.

* " The survey and its results can be found in the explanation volume.
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Based on a literature review, in section 2.2.1, the first task was to describe the use of the term
disruption in general and in different contexts, to enhance the comprehension and the differ-
entiation of the term. As could be shown, this term is intertwined with the term “rupture”,
which is also important in the contexts of food supply chains, since it refers to a break in the
cold chain and which shall be understood as a sub-category of supply chain disruptions.

The literature review on disruptions in the supply chain literature yielded a variety of defini-
tions of differing qualities, and no common understanding of the term (see section 2.2.2).
Substantial differences in the phenomena described by this term imperil the transferability of
research results. Furthermore, no generally applicable suggestions for action can be deduced,
if phenomena are not similar. Even more, a lack of unified definition of disruptions bears the
risk that the counter measures based on suggestions derived from another case may not work
or even harm in another case. Therefore, based on an analysis of the fundamental aspects of
the definitions encountered, a disruption was defined as “an unexpected, temporal event
which leads to a negative deviation from the planned outcome of a supply chain process.”

From the literature review, it became apparent that not only the definitions of disruptions
were differing, but also that the understanding of a disruption has several dimensions. These
dimensions might lend themselves to different approaches to explain disruptions and might
result in different variables for the identification, classification, and evaluation of disruptions.
Considering these dimensions and the definition of disruptions, in section 2.3.1, the a disrup-
tion was described as the inability to realize logically interconnected activities in the material
or information flow as planned, due to humans, machines, information-related causes, or a
combination of them (process perspective). From a structural perspective, it can be de-
scribed as occurring inside a company or node, between adjacent nodes (i.e. inter-
organisational), in the entire network (i.e. intra-supply chain), or the larger environment (i.e.
extra-supply chain). From an institutional perspective, a disruption could be described as the
violation of one or more components of the legal, regulatory, and bureaucratic rule base. Fi-
nally, the functional perspective understands a disruption of the supply chain as a deviation
from the cost-optimal output, or the non-realisation of an expected competitive advantage. For
the identification of suitable theories for explaining disruptions, this implies that an adequate
theoretic basis for the development of hypotheses on causes of disruptions needs to be able to
provide explanations within its structural, processual and institutional dimensions.

In order to differentiate between types of disruptions, which might differ from each other re-
garding causes, organizational location of occurrence, and mitigation methods, a typology of
disruptions is required. In section 2.3.2, typologies encountered in the literature review were
illustrated, and potential shortcomings highlighted. Inconsistencies in the definition of classes
may result in the non-uniform classification of disruptions by different researchers, wherefore
the transferability of research results is again imperilled (see above). Furthermore, some
classes of disruptions might not be considered which would leave them unconsidered during
analysis and development of counter measures. Consequently, in section 2.3.3, a descriptive
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classification framework was developed, based on the terminology for describing manage-
ment systems proposed by Remer (2004). This framework allows for a classification of dis-
ruptions based on a semantic decomposition of operational planning.

This descriptive framework has been integrated in section 2.4, which aimed for the identifica-
tion, measurement and analysis of disruptions in empirical investigations in food supply
chains. In order to describe process plans systematically and exhaustively, a general yet con-
crete classification of product characteristics and process activities was depicted in section
2.4.1. By basing the classifications on standards accepted and implemented in food supply
chains, namely LangualL™ and Codex Alimentarius, usability of the scoring model is en-
hanced. In section 2.4.2 a general guideline for the deduction of indicators based on section
2.3.3 and prioritization has been developed. Prioritization shall reduce the efforts and com-
plexity of implementation, whereas the guideline for the deduction of indicators shall increase
the completeness of the scoring model. Finally, the transformation of indicators into measures
has been dealt with in section 2.4.3. Hereby, statistical methods, data from experiments or
standard ranges can be used to define thresholds for specific values, whereby different natures
of values are considered for the selection of methods. To allow for the analysis of results
across measures and across indicators, a decision tree shows how to develop consistent scales
depending on the kind of measures chosen. The scoring model forms therewith the basis for
statistical analyses of empirical data on disruptions, as well as for causal analyses.

After having developed a model to identify and measure the negative effects of disruptions, in
section 2.5, the literature was assessed regarding potential causes of disruptions. Apart from
anecdotal evidence on causes of disruptions (e.g. Albino, Garavelli & Okogbaa 1998; Bamber
& Lansbury 1988; Holl, Pardo & Rama 2010), and empirical studies on the effects of disrup-
tions (Wagner & Bode 2006), no theoretically developed and empirically tested hypotheses
on causes of supply chain disruptions seem to exist (see section 2.5.1). Without generally ap-
plicable causal explanations, no counter measures can be developed effectively, so that impact
and frequency of disruptions could not be reduced. Consequently, a considerable research gap
exists regarding theory-based causal explanations for the occurrence of disruptions in supply
chains.

In order to identify specific areas of potential causes of disruptions, and to assess the suitabil-
ity of theories for explaining these causes for disruptions, the review in section 2.5.2 focused
on food supply chains. Findings suggest that not only the product flow is prone to disruptions,
but also the flow of information. Furthermore, disruptions seem to be frequently due to infe-
rior inter-organizational management of the processes. Thus, a suitable theory needs to ad-
dress and explain inter-organizational management and should allow for explanations of inef-
ficiencies of inter-organizational management. Section 2.5.3 specified the focus of research
further to the design of interfaces. To this purpose, a content analysis of publications on dis-
ruptions in food supply chains was conducted to reveal — from a supply chain management
perspective — that major problems seem to exist at the process and human error level of sup-
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ply chains. These results were validated and enriched by an exploratory survey with 20 cold
chain experts who stressed the lack of adequate coordination between companies. Thus, inter-
faces between supply chain partners were found to be especially susceptible to disruptions,
which results in the concretization of the research question.

In summary, section 2 provided the descriptive foundations of this thesis by firstly, analyzing
disruptions regarding semantic meaning and dimensions of reality incorporated, whereby the
phenomenon was also distinguished from similar phenomena. Secondly, two frameworks
were provided to use in the analysis of disruptions, one conceptual framework for the logical
decomposition of disruptions, and one empirical framework, for the measurement of disrup-
tions. Thirdly, the status-quo of research on causes of disruptions has been depicted for con-
cretizing and specifying the research question of this thesis. Based on these descriptive re-
search results, the theoretic foundation and subsequent deduction of hypotheses on causes of
disruptions can now be pursued and are the research objectives of section 3.



3 Interface Design as Driver of Susceptibility to Disruptions
3.1 Introduction to the Section

The objective of section 3 is to specify potential causal relations between the organizational
design of interfaces and the occurrence of disruptions. According to Chmielewicz (1979), the
science-theoretic objective is to develop cause and effects statements up to theories, which are
true as well as informative. To this purpose, the terms used for constructing statements have
to be defined in such a way that they can by tested empirically. Since the terms developed in
section 2 are limited to the investigation of disruptions, the existing system of terms has to be
completed by a system of terms for the potential causes to be analyzed, before statements can
be derived. Furthermore, the organizational design as object of investigation should be allo-
cated in existing knowledge, as for instance theories and methods, which allow for a specifi-
cation and support the deduction of hypotheses (Kromrey 2009). Therewith, section 3 in-
cludes the conceptualization of organizational design, the identification of a theoretic frame-
work for the connection of both constructs, as well as the deduction of a system of hypotheses
in preparation of the empirical analysis.

In order to derive hypotheses, the adoption of a theoretic reference frame is useful, to support
the systems of hypotheses and integrate causal assumptions in the status-quo of research
(Kromrey 2009). According to (Popper 1973, p. 75) these theoretic reference frames build
“bridges over swampy ground”. Therefore, section 3.2 is concerned with the assessment of
existing “bridges” regarding their suitability as a reference frame for this investigation.

In section 3.2.1, several theories will be depicted and assessed regarding their ability to ex-
plain the occurrence of disruptions from an organizational design perspective. Therefore, the
methodological procedure will be explained and the selection of theories depicted. Based on
several quality criteria, each of these theories will be assessed regarding its applicability and
ability to explain causal relations between the organizational design and disruptions. Based on
the findings, the choice of theoretic reference framework will be narrowed down to the theo-
retic streams of new institutional economics.

Subsequently, the three major streams will be briefly depicted in section 3.2.2, before transac-
tion cost theory as selected framework will be depicted in more detail. Thereby, its main
components, terms and assumptions will be depicted to gain a deeper understanding regarding
its explanatory power of why organizational interfaces are designed in a certain way and how
this may affect the susceptibility to disruptions. Therewith, a reference framework for the de-
sign of interfaces is provided, which also gives starting points for the explanation of disrup-
tions. However, as already noticed by Hill, Fehlbaum & Ulrich (1994), the design of organ-
izational structures to define tasks and regulate behaviour is on a higher system level than ac-
tual task execution and behaviour of system members. Therefore, to link the interface design
to the susceptibility of disruptions, an additional theoretic reference framework is required,
which explains the behaviour of system members.

V. Brenner, Causes of Supply Chain Disruptions,
DOI 10.1007/978-3-658-08662-6 3, © Springer Fachmedien Wiesbaden 2015
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The selection of this reference framework is subject to section 3.2.3. As transaction cost the-
ory as one reference framework has already been selected, the choice of a theory for the ex-
planation of behaviour on the process level is determined by commensurability of assump-
tions, understanding of terms, and main components between the two theories. Therefore, de-
scriptive decision theory is chosen as additional framework and will be described in this sec-
tion.

In section 3.3, the interface structure as object of investigation will be concretized. Even
though there exists a multitude of investigations on organizational design, they differ partly
substantially in the use of terms and terminological systems. Furthermore, these terminologi-
cal systems have not been applied to the structure of interfaces between companies. In conse-
quence, based on the terminology presented in the management system by Remer (2004), the
description of organizational structures will be adapted to the description of interface struc-
tures, to remain in a consistent framework and enhance the systematic description of inter-
faces.

Therefore, the purpose of section 3.3.1 is to provide a terminological foundation to describe
organizational structures. On the one hand, the understanding of organizational structure and
design in general, and of interface structure and design in particular has to be derived and
brought into context, to identify relevant aspects for the purpose of this thesis. Based on this
overview on concepts and definitions, in the following sections the terminology for the organ-
izational structure is transferred and adapted to interfaces.

To facilitate the analysis and reduce its complexity, the description and specification of the
two main components will be divided between section 3.3.2 and section 3.3.3. The already
existing terminological system will be adapted and applied to interfaces, to allow for consis-
tency between company-internal organizational structures and inter-organizational structures.
Therewith, the development of redundant and non-transferrable terminological systems shall
be avoided, to increase the assertiveness of terms requested by Chmielewicz (1979). Based on
the developed methodology for describing and decomposing organizational structures, hy-
potheses can be derived on causal relations between shapes of organization and the occur-
rence of disruptions.

One of the main objectives of research is to offer explanations and prognoses based on theo-
retical statements (Chmielewicz 1979). Therefore, section 3.4 aims at the provision of such
theoretical statements. As Schnell, Hill & Esser (2011) note, the majority of theories and
terms used in social sciences is formulated in a relative unspecific way and need specification
before empirical analyses can take place. Consequently, in section 3.4.1, first of all, the con-
struct of interface structure will be concretized by narrowing down the scope of analysis to
the components of special relevance in this context.

Next, in section 3.4.2, the connection between interface structure and susceptibility to disrup-
tions will be developed. Therefore, hypotheses will be derived based on the assumptions of
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decision theory on behaviour of individuals in socio-technical systems. Thereby, disruptions
as result of human error will be explained and hypotheses on causal relations between inter-
face structure and disruptions developed.

The question, how the kind of partnership in a transaction may facilitate or prevent disrup-
tions is addressed in section 3.4.3. Therewith, observations by previous research in other sup-
ply chain contexts or case studies will be taken into account and integrated to test these as-
sumptions for their applicability and general validity.

According to Bortz & Déring (1995), theories in social sciences have a relative low degree of
formalization, which reduces the transparency of assumed causal relations. However, they
continue that by transforming these cause-and-effect relationships into formal models, such as
e.g. path models or structural models, transparency can be increased and comprehensiveness
enhanced. Therefore, the hitherto separated analyses of causal relations will be consolidated
and transformed into one model of hypotheses in section 3.5.

To this purpose, in section 3.5.1, the hypotheses developed in section 3.4.2 and 3.4.3 will be
connected, to finally establish causal relations between interface design and the susceptibility
to disruptions. Therewith, not only the actual structure of interfaces and its effects are taken
into account, but also the potential reasons for why a specific structure has been selected by
supply chain partners.

In preparation of the model of hypotheses, section 3.5.2 presents the methodology applied
and how the hitherto developed theoretical relations between the constructs can be integrated
into such a model. Requirements will be depicted and their implications for the empirical de-
sign highlighted. Based on the already existing system of hypotheses, additional hypotheses
are developed to complete the model.

Finally, in section 3.5.3, a structural equation model is developed, which includes all con-
structs and the causal relations between them. As the theoretic considerations also have impli-
cations for the design of the structural equation model (e.g. Backhaus et al. 2011; Diaman-
topoulos & Siguaw 2006; Bagozzi & Yi 2012) and the subsequent empirical analysis, these
considerations will be discussed also in this section. In the end of section 3.5, the complete
structural equation model on hypothesized causal relations between determinants of interface
design, interface design and probability of disruptions will be presented.

As in section 2, this section closes in section 3.6 with an overview on outcomes of each sec-
tion, to summarize the results.
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3.2 Starting Points for Theoretical Explanations of Disruptions
3.2.1 Methodology and Overview on Theoretical Frameworks

A fundamental aim of this thesis is to analyse possible effects of design options of interfaces
between actors on the susceptibility to disruptions. Therefore, a theoretic framework for de-
sign options has to be developed. In order to develop such a framework, an adequate theory,
which provides starting points for the explanation of disruptions, has to be identified. How-
ever, after a cursory inspection of the literature, a disruption can be considered from different
perspectives, which are not necessarily all identical regarding their explanatory background.
Additionally, the resulting understandings of disruptions might tend to favour different theo-
retical approaches for the identification and explanation of potential causes of disruptions.
Thus, an overview on theories and theoretic approaches will be given and their potential to
serve as a theoretical framework for this thesis assessed.

A theoretic approach is hereby regarded as a preliminary step of a theory. According to au-
thors such as Chmielewicz (1979), Hill, Fehlbaum & Ulrich (1994), Bea & Haas (2001) and
Wolf (2008), the process of theory-building consists of basically the following steps: devel-
opment of a terminological framework, the description, as well as the explanation of relation-
ships between variables, and the prognosis and provision of recommendations for action. The
reason why theoretic approaches are also included in the overview is that they might also in-
hibit explanatory power for the occurrence of disruptions. Nevertheless, in order to inhibit
such explanatory power, they need at least to have passed the step of explaining relationships
between variables (Schulenburg 2008).

For brevity, the terms theory and theoretic approaches are thus used interchangeably. How-
ever, since this thesis is concerned with organizational aspects of disruptions, technical, psy-
chological, or other theoretical explanations*® will not be considered in the following. Only if
in the field of organizational theories no satisfactory explanation for the occurrence of disrup-
tions can be found,46 the search shall be extended.

However, already in the field of traditional organizational theories, many different approaches
and streams exist. According to Scherer (2006), organization theory is concerned with many
different problem areas related to organizations, for instance relationships between members
of organizations and organizations themselves, relationships between structures and processes
of organizations, or relations between different organizations. Depending on which relation-
ships shall be investigated, different theories can therefore serve as a theoretical basis

% Those could be for instance ecological interface design approaches (e.g. Rasmussen & Vicente 1989;

Vicente & Rasmussen 1992; Vicente 2002), human error research (e.g. Reason 1997; Reason 1990; Dhillon
2007), fluid dynamics (e.g. Chen & Yao 1992; Batchelor 1999; Mobley 2000) or information theory (e.g.
Shannon & Weaver 1976; Krippendorff 1986; Cover 1991).

Popper (1973) states that theories are the net which we throw out to explain real world phenomena and that
research aims for the narrowing of meshes in the net (p. 31). In consequence, those theories are considered
more closely, which already seem to incorporate meshes able to explain the phenomenon in question.

46
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(Scherer 2006). Therefore, the explanatory power of theoretic approaches shall be assessed
following a set of criteria derived from the understanding and dimensions of disruptions.

As a starting point, Schulenburg (2008, pp. 129—130) provides an overview on organizational
theories, which were extracted out of a literature review of eighteen international textbooks
and edited volumes on organizational theory. The theoretic approaches encountered in these
books were listed according to the frequency of their citation to assess their degree of preva-
lence. For the consideration as theoretical framework of this thesis, the focus will be put on
those organizational theories, which were described in at least one half of the publications.
The assumption behind this decision is that theoretic approaches, which are recognized by
more publications on organizational theories, are more mature as they are recognized by more
authors. Consequently, it is assumed that their explanatory power is larger, their contributions
and limitations better known, and that their applicability for empirical research better tested.*’
Therefore, a total of nine theories remain for further investigation. Of those, two approaches
were identified to be more suitable to explain individual behaviour and human error,*® where-
fore they will be explained in more detail in section 3.2.3. The remaining organizational theo-
ries as presented by Schulenburg (2008) are:

= Scientific Management

= Bureaucracy Approach

= Systems Theory

= Contingency Approach

= Evolutionary Theory Approach
= New Institutionalism

= New Institutional Economics

Apart from the degree of maturity, several other quality criteria are required to assess the ex-
planatory power of these theories in the context of this research. The first criterion is, as in the
case of quality criteria for definitions, the usefulness of a theory to analyze the research ques-
tion. In order to be considered for a deeper investigation, the theoretic approaches have there-
fore to be able to explain the occurrence of disruptions in supply chains, based on differences
in the organizational design. In analogy to the dimensions of disruptions and with reference
to the explanation there, the theory should therefore be able to provide explanations for dis-
ruptions on the institutional, structural, and processual dimension. Furthermore, for being
eligible as theoretic foundation of this thesis, they have to be compatible to the ontological

47 At the same time, this approach might exclude theories with higher explanatory power for the phenomenon

under study. Additionally, the number of publications citing a certain theory may have been a criterion for
excluding or including theories in further publications, which might result in self fulfilling prophecies.
However, as noted for example by Diekmann (2002), there is a trade-off between the increase in research
quality and the efforts spent. Considering that in total nine theories will be scrutinized, the risk of ommitting
crucial theoretic contributions seems to be relatively low.

* Those theories are decision theory and the behavioural science approaches.
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position of this thesis, hence the critical rationalism. Additionally, while the objective of in-
novation of statements can be neglected for the choice of a theoretic background, the criteria
information content and proximity to truth as demanded by Popper (1973) and Chmielewicz
(1979) for all statements in experiential science, can also be applied here. Therefore, the theo-
ries stated above will now be briefly depicted and their suitability assessed.

The scientific management approach seeks to identify the most efficient integration of hu-
mans and machines in the production system (Wolf 2008). For this purpose, operations are
seen as transparent and controllable systems, with strong segmentation of horizontal and ver-
tical labour. According to Taylor 1977, the segmentation of labour shall prevent errors stem-
ming from the execution of diverse activities by one employee. Furthermore, if employees
execute both, operational and managerial tasks, they could obscure their actual work perform-
ance. The underlying idea of man is grounded on the homo economicus, which is additionally
unwilling to work, and has limited cognitive capacities (Wolf 2008, p. 91). Additionally, Tay-
lor (1977) stresses the conflict of interests between managers and employees of companies,
whose interests are rarely identical. Based on the scientific management approach, and fol-
lowing the definition of disruptions developed in 2.2.2, disruptions could occur when humans
and machines are not adequately integrated so that planned and actual work performance de-
viate from each other. This would imply that operations would be organized in such a way,
that worse outcomes could not be attributed to specific employees (i.e. lack of transparency),
or that operations could not be measured or evaluated (i.e. lack of control), so that the ten-
dency of employees to avoid work could not be curtailed. Another possibility would be a lack
of segmentation of labour, which delegates tasks to employees, who lack the cognitive abili-
ties to effect the tasks as required.

The role of management is also stressed in the bureaucracy approach by Weber & Winck-
elmann (1976). According to them, authority means the chance to receive obedience from a
determined group of people for specific orders (Weber & Winckelmann 1976, p. 122). As a
basis for authority, not only motivational and rational reasons are required, but also the belief
in legitimacy. The bureaucratic model represents organizations therefore as rule-based opera-
tions, in which authority is legitimated by legal, impersonal and objective order. These rules
are general in nature, relatively abstract, stable, exhausting and learnable (Weber 2005). Strict
separations of competences and work tasks, as well as a strictly defined flow of information
inside the organization form the basis of the bureaucratic organization (Wolf 2008, pp. 66—72).
However, Weber & Winckelmann (1976) stress the description of an ideal type of organiza-
tion. Furthermore, the bureaucracy approach mainly deals with how managers are elected and
omits the consideration of the impacts on the performance. Therefore, this approach seems to
lack the potential to explain disruptions caused by organizational design.

One theory, which lends itself to be used for the structural dimension is systems theory.
Originally developed in the context of biological systems, it has been adapted and applied to
economic settings. Von Bertalanffy (1972, p. 51) defines a system as “a complex of interact-
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ing components together with the relationships among them that permit the identification of a
boundary-maintaining entity or process”. These components inhibit a hierarchical structure,
whereby elements, sub-systems and the system as a whole possess certain characteristics and
maintain certain kinds of relationships, which make the system distinguishable from other
systems. At the same time, a continuous exchange of resources and knowledge with the sys-
tems environment, especially with stock- and stakeholders, takes place (Wolf 2008, pp. 157—
165). A disruption from this perspective could be described as the lack of exchange of mate-
rial or immaterial resources between the system and the environment, or between sub-systems,
or elements. However, concrete causes for such a lack of exchange could not be identified,
which contradicts the usefulness and information content requirements of this thesis. There-
fore systems theory seems to have limited power to explain disruptions and is eliminated from
further analysis.

According to Staehle (1999), the abstraction of system theory has resulted in a demand for
more concrete suggestions for how to design organizations in practice. This has been
prompted by the development of contingency theory (Stachle 1999, p. 48). With focus on
empirical research, its purpose is to determine, which organizational structure is best suited
for a certain organization, depending on the situation of the organization (Kieser & Walgen-
bach 2007, pp. 43—46). The assumption is thereby that there is no one best solution for all
kinds of organizations, but that depending on factors like the environmental circumstances,
the technology used, or the market of the company, different organizational structures might
lead to optimal performance (Woodward 1975). In this context, organizational structure has
been operationalized as the degrees of e.g. specialization, formalization, standardization, cen-
tralization, configuration, and flexibility (Pugh & Hickson 1979). According to contingency
theory, a disruption could be described as a lack of “fit” of the organizational structure, and
the characteristics of the organization and the environmental situation. However, since this
lack depends on many contingent variables as described above, a more specific explanation of
why disruptions occur is not possible. Furthermore, the falsification of hypotheses is not pos-
sible, as a lack of support could always be attributed to a circumstance of the situation, which
has not been regarded. Therewith, contingency theory does not meet the requirements of the
ontological position of this thesis and is therefore excluded.

A promising approach seems to be evolutionary theory. From this point of view, organiza-
tions are seen as self-changing, self-evolving and self-organizing systems, which are not
completely controllable (Malik & Probst 1982). It includes the possibility of misbehaviour of
the human being in its assumptions, thus does not follow the ideal of the homo economicus.
Additionally, it differentiates between the genotype (the set of design dimensions) of an or-
ganization and its phenotype (the set of functions a system performs) (Foster & Holzl 2004),
considering therewith that organizations might be designed differently, depending on their
functions. Furthermore, it assumes a limited set of possibilities, which are available to adapt
the organization to the environmental constraints and highlights the importance of complexity,
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leading to sub-optimal development of the organization. This sub-optimal development is fur-
ther fostered by the reluctance of managers to try new options, if approaches from the past
were relatively successful, and are well embedded in the organization (Wolf 2008, pp. 370—
381). However, as Wolf (2008) remarks, especially von Hayek (1983) stresses the trial-and-
error nature of organizational development. From this perspective, a disruption could occur
due to human misbehaviour, the mismatch between the system and its functions to be per-
formed, and the path-dependent wrong adaptation of the organization to environmental
changes. However, the importance of contingent factors again contradicts the ontological po-
sition of this thesis. Furthermore, the development by trial-and-error contradicts the research
purpose, namely to identify how supply chain partners may design their interfaces in an opti-
mal way. Finally, the translation of biological assumptions to organizations results in rela-
tively abstract assumptions, wherefore the information content and proximity to truth are con-
sidered to be limited. Therefore, evolutionary theory is also excluded as theoretical foundation
of this thesis.

The new institutionalism regards organizations as being formed by culture, norms, rules and
regulations posed by other institutions on the organization. From this point of view, interests
and ways of action of companies are predefined institutionally (Walgenbach & Meyer 2008).
The perception of agents as rationally and autonomously deciding actors is hereby refused and
is replaced by agents, which are reacting based on institutionalized rules and expectations. As
organizations evolve and act in expectation-rich environments, where many stakeholders try
to pursue their own interests, the structure of organizations trying to comply with these insti-
tutionalized expectations involves many externally induced elements (Scott 1987). In conse-
quence, since the expectations are in general contradictory, the structure of organizations
might include incompatible and conflicting elements (Kieser & Ebers 2006, pp. 356-359).
For the role of the individual, these assumptions imply that on the one hand, it seeks to com-
ply with the external expectations and that on the other hand, these expectations might by
contradictory. Its decisions and actions in such situations are consequently dependent on the
degree of institutionalization of different expectations, as well as the degree of internalization
(Zucker 1977). From the new institutionalism perspective, disruptions might therefore be
caused when organizations adopt conflicting institutional requirements. Depending on what is
understood to be the objective of a process, the existence of a disruption could thus be de-
pending on the point of view. However, this social constructivism perspective conflicts with
the critical rationalism as stipulated by Popper (1973) and thus with the ontological position
of this thesis. Therefore, new institutionalism will be discarded as explanatory theory for the
purpose of this thesis.

New institutional economics approaches, as transaction costs theory, the principal-agent ap-
proach, or the property rights approach, could be starting points for an explanation of disrup-
tions. By assuming imperfect markets and inefficiencies in the production of goods, these ap-
proaches differentiate themselves from the perfect market assumption of neoclassical theory.
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A fundamental difference is that these approaches suppose that transfers of products and
property rights between organizations generate transaction costs (Richter & Furubotn 2003).
Furthermore, the human being is assumed to possess only bounded rationality and to follow
its own plans, hence, being opportunistic (Kieser & Ebers 2006, p. 51). The resulting behav-
iour of a) a partner organization and/or b) the people involved in the execution of tasks is also
dependent on whether non-compliant behaviour can be observed and penalized (Williamson
1979). By assuming imperfect markets and transaction costs, these approaches help to under-
stand, why for complex and rare transactions, an organization-internal solution is favoured,
whereas for standardized and frequent transactions, a market solution might be favourable.
Wherever market transactions occur, the market, understood as a transaction regulating insti-
tution, shall secure the cost optimality of transactions and help to limit opportunistic behav-
iour (Held & Nutzinger 2006). Consequently, a disruption could occur on the one hand, be-
cause of the opportunistic behaviour of the partner company. This would be an explanation of
disruptions at the process level. On the other hand, this opportunistic behaviour is only possi-
ble, if it cannot be controlled and penalized. Lack of transparency and means of repercussion
in turn are due to inadequately designed institutions, which would be an explanation of dis-
ruptions from the institutional perspective. And finally, if there is no possibility to establish
effective institutions to govern principal-agent relationships, companies should opt for hierar-
chical execution of tasks, implying a change in the supply chain structure to avoid disruptions.

The theoretic approaches illustrated above show many different starting points for an explana-
tion of disruptions. According to Bortz & Déring (1995), the result of the regeneration of
relevant theories for the context of research should be a tabular synopsis of central assump-
tions of the theories regarding the research question. Therefore,

Table 8 shows, how disruptions can be explained according to the assumptions of the consid-
ered theories.
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Table 8: Potential causes of disruptions according to different theories

Interface Design as Driver of Susceptibility to Disruptions
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The explanations of potential causes of disruptions provided by different theories as illus-
trated above do not claim for completeness. Rather, they may serve as starting points for ana-
lyzing disruptions from different perspectives, and to highlight different explanations in dif-
ferent contexts. Analyzing each theory in detail for explanations of disruptions would exceed
the scope of this thesis and would result in a multitude of hypotheses and incommensurability.
However, it becomes apparent that some theories seem to be more suitable than others to ex-
plain the susceptibility to disruptions in supply chains. Nevertheless, apart from the usefulness,
they also have to comply with the other quality criteria, hence information content, proximity
to truth and the ontological research position. Since evolutionary theory and neo intuitional-
ism were both excluded because of lacking conformance with these requirements, new institu-
tional economics remains for further analysis. Thereby, it does not only provide explanations
for disruptions for all three perspectives, but is also directly focussing on relationships be-
tween transaction partners, and provides detailed and concrete assumptions on how supply
chain partners design their transactions. Therewith, it also matches the requirements regarding
information content and proximity to truth, as well as the ontological position of this thesis. In
consequence, in the following, the main streams of new institutional economics will be de-
picted in more detail, to select the theoretic foundation of this thesis.
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3.2.2  Transaction Cost Theory as Overarching Framework
New Institutional Economics

The theoretic lines of new institutional economics began to emerge as an attempt to explain
how institutions govern economic transactions. The driving questions were thereby: “Which
institutions inhibit for which kind of coordination problems in economic exchanges the rela-
tively lowest costs and the highest efficiency? How do coordination problems, costs, and effi-
ciency of exchange relationships affect the design and change of institutions?” (Ebers &
Gotsch 2006, p. 247). Since then, not one theory of new institutional economics has emerged,
but rather three major lines of theoretic argumentation, namely property rights theory, transac-
tion cost theory, and agency theory (Picot, Dietl & Furubotn 2008, p. 46; Wolf 2008, p 328;
Ebers & Gotsch 2006). However, according to Wolf (2008, pp. 330-331), all three theoretic
lines have some common basic characteristics. He summarizes these basic commonalities as:

= Institutions represent substitutes for imperfect markets.

= New institutional economics focus only on the economic efficiency of institutions,
while other aspects like social efficiency are majorly ignored.

= As a consequence, the attempt is to use cost and utility measurements as the basis
of analysis. Different institutional designs are therefore compared regarding mar-
ginal cost and utility differences.

= New institutional economics combines elements of microeconomics, business or-
ganisation theory, and jurisprudence in its attempt to provide an overarching expla-
nation approach.

Furthermore, Wolf (2008, p. 332) identifies ten joint assumptions, namely:

= Firstly, the underlying cause of economic problems can be found in the scarcity of
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= Secondly, individuals are free in their choices and form the basis of economic de-
velopment (methodological individualism).

= Thirdly, actors intent to maximize their individual utility of economic activities.

= Fourthly, actors inhibit stable and consistent preferences, resulting in a stable util-
ity function.

= Fifthly, there exists an imbalance regarding the distribution of information, knowl-
edge, and skills, which shall be optimized by institutions in such a way that the
overall profit is maximized. Economic actors intent to solve scarcity problems re-
sulting from imbalances by specialization and exchange.

= Sixthly, during such exchange processes, friction losses occur, which worsen the
problem of scarce resources.

¥ According to Chmielewicz (1979), resource scarcity is one of the two basic problems that mark the object

of research of economic sciences and that delineate it from other sciences. The other problem economic sci-
ences intent to solve is profit maximization.
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= Seventhly, due to exchanges and specialization, numerous interdependencies
emerge, which have to be managed. These coordinative activities stand in the fo-
cus of the organizational problem.
= Eighthly, since the economic actors strive for utility maximization, exchange proc-
esses have to be governed by rules, which allow for the determination, purchase,
sale, and execution of rights over goods.
= Ninthly, every analysis of economic activities has to start at the level of institutions,
which are understood as a rule-based, relatively stable set of individual actors.
= Tenthly, said analysis has to take into consideration the prevalent information in-
frastructure, since the existence of information asymmetries is in institutional eco-
nomics at the core of coordination problems (Wolf 2008).
Now that the major commonalities of the three theoretic lines have been depicted, the ques-
tion arises, in which aspects they differ from one another. Significant differences can be found
for instance in the characterization of individuals, institutions, as well as the focus of atten-
tion. ™

Focus of Attention

Property rights theory for instance focuses on the reduction of not only economic costs of ex-
change, but also of social welfare costs (i.e. externalities) with the intention to increase overall
utility of resource allocation and division of work (e.g. Furubotn & Pejovich 1972; Alchian &
Demsetz 1972; Picot 1981). In transaction cost theory and agency theory in turn, social wel-
fare costs are not explicitly considered. Rather, agency theory intents to reduce agency costs,
which are the costs the principal faces for controlling the work done by the agent (e.g. Jensen
& Meckling 1976; Fama 1980; Eisenhardt 1989). The focus of attention of transaction cost
theory in turn lies on the comparison of alternative institutional arrangements (such as market
vs. company) regarding production and transaction costs, including costs that occur after the
transaction took place (e.g. Williamson 1979; Williamson 1981; Williamson 1991). Thus,
whereas property rights theory is more concerned with macroeconomic costs, and agency the-
ory focuses on control costs for transactions between different hierarchical levels, transaction
cost theory intents to optimize the sum of costs occurred during and after transactions on
mainly the same hierarchical level.

Institutions

As stated above, the major focus of new institutional economics is the efficient design of in-
stitutions to govern exchange relationships. However, every line of theory has a different fo-
cus regarding the type of institutions and exchange relationships to be explained and opti-
mized. Here, property rights theory does not further specify different kinds of exchange rela-
tionships, apart from market or team production (Alchian & Demsetz 1972). Furthermore, the

% For a discussion of commonalities and differences of new institutional economics, see e.g. Picot, Dietl &

Furubotn (2008, pp. 247-308); Wolf (2008, pp. 327-369); Ebers & Gotsch (2006).
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role of official authorities, laws and state involvement as trade governing institutions is
stressed (Furubotn & Pejovich 1972; Picot & Schneider 1988). In agency theory in turn, the
major kind of institutions regarded are contracts, which structure and fix duties and compen-
sations between a principal and an agent (Fama 1980; Eisenhardt 1989). According to Wil-
liamson (1979, p. 235), in transaction cost theory, institutions are frameworks “within which
the integrity of a transaction is decided. Markets and hierarchies are two of the main alterna-
tives.” Thus, in this context institutions may take many forms, depending on the kind of trans-
actions possible.

Individuals

In property rights theory, the individual basically seeks to maximize its utility under con-
straints. However, as can be seen in major contributions to the theory, apart from utility
maximization behaviour, little else is said about characteristics of the individual (e.g. Alchian
1965; Picot 1981; Hart & Moore 1990). As de Alessi (1987, p. 25) puts it: “The ability of in-
dividuals to satisfy their wants is limited by the quantity of resources available, their alloca-
tion, their productivity, and the system of property rights.” Similarly, Furubotn & Pejovich
(1972, p. 1138) explicitly states that: “significantly, each decision maker is assumed to be mo-
tivated by self-interest and to move efficiently toward the most preferred operating position
open” and adds “the behavio[u; A/N]r of the firm (or other organization) is not interpreted in
terms of the 'satisficing' hypothesis that has been advanced by some authors [...] ”.

In contrast, agency theory and transaction cost theory make further assumptions regarding the
characteristics of the individual. Two common points are the assumption of opportunistic be-
haviour, and of bounded rationality51 of the individual (e.g. Williamson 1979; Teece 1984;
Eisenhardt 1989). According to Williamson (2010, p. 678), bounded rationality is when hu-
man actors “are neither hyperrational nor irrational but are attempting effectively to cope
with complex contracts that are incomplete.” Apart from these characteristics, agency theory
further considers risk aversion of individuals, which can vary from person to person (Eisen-
hardt 1989). Thus, regarding the description of the individual, agency theory draws a more
detailed picture than transaction cost theory, and both regard the individual more specifically
than property rights theory.

Comparing the three lines of theory, it becomes apparent that property rights theory is more
applied in a macroeconomic context, where the individual plays a less important role. As
Wolf (2008, p. 340) puts it, the consideration of utility maximization as only assumption on
the behaviour of individuals, leads to model Platonism, which would contradict the require-
ment of falsifyability as stipulated by Popper (1973). Since for the coordination and commu-
nication at interfaces, the individual plays an important role in this thesis, a more detailed
view on its characteristics is required. Furthermore, in property rights theory, the purpose is to

1 For a discussion of the assumption of rationality and its implications for the existence of institutions see e.g.

North (1993).
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reduce the sum of transaction, as well as social costs of exchanges (Picot, Dietl & Furubotn
2008, p. 142), which is not at the focus of interest here. Additionally, the focus on optimizing
a given utility function under a given organizational structure (Furubotn & Pejovich 1972)
reduces considerably the complexity of regarded phenomena and therewith seems to reduce
the information content and proximity to realistic assumptions on such complex phenomena
as disruptions. Therefore, property rights theory is discarded as theoretic foundation of this
thesis.

Regarding falsifyability of hypotheses on individual behaviour, agency theory has a slight ad-
vantage compared to transaction cost theory, since one further assumption (i.e. risk aversion)
is made. Nevertheless, agency theory mainly regards hierarchical relationships, which exists
for example between employer and employee or between a manufacturing company and a lo-
gistics service provider hired by the company. Even though these relationships also play a role
in supply chains, the focus may be too narrow for the purpose of this thesis, since the major
interest lies on interfaces between companies, where in general horizontal relationships are
the focus of analysis (Frese, Graumann & Theuvsen 2012). Furthermore, agency theory ar-
gues that agency costs emerge due to quality characteristics of the service to be performed,
which are not observable for the principal (Picot, Dietl & Furubotn 2008, p. 142). However,
thereby deviations from process plans are explained to be by purpose, which is not the major
focus in the context of disruptions due to unexpected events. Therefore agency theory will not
be used as theoretical foundation for this research.

Compared to the other two lines of new institutional economics, transaction cost theory has
been widely applied in empirical research, as well as in various different contexts.* Fields of
application are for example the explanation of outsourcing activities, the choice of interna-
tionalization strategies, and forms of organizational cooperation (Wolf 2008, pp. 351-352).
Additionally, transaction cost theory has been already used in the context of supply chain
management, and even in food supply chain management to explain the governance structures
of transactions between supply chain partners (e.g. Hobbs 1996; Loader 1997; Banterle &
Stranieri 2008). Therefore, the assumptions of transaction cost theory seem to be provide a
thorough basis to explain how the organizational design of interfaces between companies af-
fects the occurrence of supply chain disruptions.

According to Williamson (1981, p. 552), a transaction occurs when “a good or service is
transferred across a technologically separable interface. One stage of activity terminates
and another begins. With a well-working interface, as with a well-working machine, this
transition occurs smoothly. In mechanical systems, we look for frictions [...]. The eco-
nomic counterpart of friction is transaction cost: do the parties to the exchange operate
harmoniously, or are there frequent misunderstandings and conflicts that lead to delays,
breakdowns, and other malfunctions?” Three points are especially noticeable about this ob-
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servation. Firstly, the reference to mechanics, which has in 2.2.1 been identified as probable
source of the term “cold chain rupture” and where ruptures are an important topic. Secondly,
the notion of interfaces, which is also the primary focus in this thesis. And thirdly, the transfer
of the concept of frictions in mechanics to transaction costs in economics. In sum, these ob-
servations further support the choice of transaction cost theory as a theoretic basis for this the-
sis, since the focus of attention is similar.

Transaction Cost Theory

The origin of transaction cost theory can be traced back to Coase (1937), who noticed that un-
der the assumptions of perfect markets, where production factors are allocated at zero costs by
the market mechanisms, no firms would be required. He argues that if the market’s price
mechanism is not used, the reason must lie in some kind of costs associated with the use of
this mechanism, which results in favourable production costs of company-internal prodcution.
These costs are related for instance to the identification of the market price (i.e. search costs),
or the negotiation and finalization of contracts for transactions.

Williamson (1979, p. 234) summarizes the basic assumptions which find consensus as follows:
“(1) opportunism is a central concept in the study of transaction costs; (2) opportunism
is especially important for economic activity that involves transaction-specific invest-
ments in human and physical capital; (3) the efficient processing of information is an im-
portant and related concept; and (4) the assessment of transaction costs is a comparative
institutional undertaking.” He understands opportunism thereby as “a variety of self-
interest seeking but extends simple self-interest seeking to include self-interest seeking
with guile. It is not necessary that all agents be regarded as opportunistic in identical
degree. It suffices that those who are less opportunistic than others are difficult to ascer-
tain ex ante and that, even among the less opportunistic, most have their price” (p. 234).
With the notion of efficient information processing and the difficulty to ascertain ex ante
whether an agent behaves opportunistically, he refers to the costs mentioned by Coase (1937)
which precede a transaction. For the characterization of transactions, Williamson (1979, p.
239) suggests therefore to assess a transaction regarding “(1) uncertainty, (2) the frequency
with which transactions recur, and (3) the degree to which durable transaction-specific
investments are incurred”. He further specifies different frequencies into being either once,
occasional, and recurrent, whereas investments are specified as being non-specific, mixed, or
idiosyncratic.

Uncertainty

According to Williamson (1981) the monitoring costs of a transaction are especially high,
when significant transaction-related uncertainty exists, the transaction occurs for the first time,
and/or requires considerable investments in physical as well as human assets. Uncertainty

32 For an overview on empirical investigations based on transaction cost theory, see e.g. Shelanski & Klein

(1995) and David & Han (2004).
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firstly can refer to the unknown outcome of a transaction regarding product performance or
costs of production (Williamson 1971), hence referring to production uncertainty. This is fre-
quently the case for complex or innovative products, where not every production stage and its
costs can be determined in advance. Uncertainty secondly can be understood as uncertainty
regarding the behaviour of the partner (Williamson 1990), hence as behaviour uncertainty.
The degree of uncertainty may thereby vary for different groups of partners, especially if in-
ternational transactions are considered, which may vary not only regarding the governance
structure of transactions, but also regarding polity, judiciary, bureaucracy, and cultural institu-
tions (Williamson 2008). However, how this will affect a transaction is dependent on contin-
gent variables and details of the contract and may not be determined in advance. Conse-
quently, Williamson (1990) highlights the importance of establishing a monitoring and con-
trol system to govern transaction relationships.

Frequency

The establishment of such monitoring and control systems induces additional costs associated
with the specific transaction. One can thereby broadly differentiate transaction costs into ex-
ante costs, which involve all costs incurred before closing a contract, such as search costs and
initiation costs, and ex-post costs for all costs incurred after contract closing, such as control
costs and insurance costs (Wolf 2005). So, apart from the costs for investments in transaction-
related assets, further investments in the institutional conditions of the transaction might be
necessary. Therefore, transactions which occur more frequently reduce the costs of preparing,
monitoring and control of every single transaction, since the once established system can be
reused, and ex-ante costs reduced. Furthermore, frequency of transactions also encourages the
building of a common language at interfaces and mutual trust, which reduces the probability
of opportunistic behaviour (Williamson 1979). Therewith, behavioural uncertainty can be re-
duced as well as errors due to cultural barriers or misunderstandings.

Specificity

A transaction is called idiosyncratic, when the specific identity of both parties is crucial for
the costs of the transaction. According to Williamson (1981), asset specificity plays a crucial
role for the level of transaction costs and may occur in the form of site specificity, physical
asset specificity, as well as human asset specificity.

Transactions which are based on investments into lasting, transaction-specific goods result in
the dependence on the partner and increase the trade-off risk associated with a defection of the
partner on the agreed-upon contract (Williamson 1990). In such a case, both parties are
locked-into the transaction, since alternatives would lead to the incurrence of high change
costs (Williamson 1979; Williamson 1981). Williamson (1990) differentiates costs into fixed
and variable parts, as well as completely contract-specific and unspecific parts.

Which kind of governance and control of production and transaction activities inside one or-
ganization is favourable depends in turn basically on the specificity of human assets. William-
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son (1981) suggests that the specificity of human assets, and therewith the dependency on
these specific employees can be measured along two dimensions, namely the degree to which
human assets are firm-specific and the difficulty of metering productivity. If both dimensions
are low, than governance can also be low, and can be organized as an “internal spot market”
(Williamson 1981, p. 564). If human asset specificity is low, but metering is difficult, em-
ployees can be easily replaced, but their individual contribution to the overall outcome cannot
be measured, which impedes performance-based compensation. This is what Williamson
(1981, p. 565) terms “primitive team”. As “obligational market”, he terms the situation
where firm-specific learning is high, in either idiosyncratic technological experience or idio-
syncratic organizational experience, and where the output can be metered easily. In such an
organization, governance structures should be focused on rewarding employees for their spe-
cific performance and on discouraging employees from quitting. Finally, in a “relational
team” (Williamson 1981, p. 565), human asset specificity is high, but metering is difficult.
Firms will try to instil its social values and goals in its employees, while providing generous
compensations to discourage job change.

This is also consistent with the kind of contracts, transaction cost theory focuses on, which are
namely relational contracts (i.e. incomplete contracts) in contrast to property rights theory,
which attempts to deal with complete contracts (Wolf 2008, p. 342). Thus, depending on the
frequency, as well as the uncertainty and specificity of a transaction, different kinds of or-
ganization of transactions might be advantageous, ranging between spot-market transactions
via bilateral contractual safeguards to company-internal production (Williamson 2002).

As can be seen, transaction cost theory offers a number of starting points for the purpose of
this thesis. First of all, it allows for a differentiation and explanation of different kinds of or-
ganizational designs of interfaces based on different governance structures established by the
partners. Secondly, transaction cost theory regards transactions from different perspectives,
involving macro-level explanations as well as micro-level explanations for frictions and per-
formance losses during transactions (Wolf 2008, pp 352-353). Therewith, the deduction of
hypotheses is not limited to one level, but may be enriched by considering different levels.

Nevertheless, transaction cost theory also has some disadvantages. According to Wolf (2008),
it assumes equal yields for all kinds of alternative organizational designs of transactions, as
only costs are changing and lead to differences in performance. However, in the context of
this thesis, this assumption seems to be negligible since here, all other things remaining equal,
the susceptibility of supply chains to disruptions shall be investigated, which can be inter-
preted as costs, such as higher costs for insurance, quality control, or sourcing.

Another aspect, which seems to be more relevant for the purpose of this thesis, is that transac-
tion cost theory is on the one hand able to explain disruptions caused by the actions of hu-
mans by assuming bounded rationality and opportunistic behaviour. However, on the other
hand, the prevalence of bounded rationality and opportunism is not explained, but only as-
sumed. This would imply that every human being would increase the susceptibility of supply
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chains to disruptions to the same extent, as no other determinants of human behaviour would
explain different degrees of rationality and opportunism. This one-sided and simplistic picture
of the individual does not seem to sufficiently reflect the influences of individuals in food
supply chains (see e.g. section 2.5.3) and has been already criticized in the literature (see e.g.
Heide & John 1992). Even Williamson (1979) acknowledges that human beings might be op-
portunistic to a different extent, but does not explain, how these differences can be reasoned.
Furthermore, as for example stressed by Stachle (1999, p. 518), a goal-effective design of
managerial processes requires the description and explanation of human behaviour in organi-
zations, wherefore the integration of insights of social sciences into business management be-
comes an essential requirement.

Since the human being, its behaviour and decisions play a significant role in explaining dis-
ruptions, it seems therefore necessary to amend the theoretical framework of this thesis with a
theory being able to explain the decision making of individuals.”

3.2.3  Theoretic Foundations for Explaining Human Behaviour

As has been shown in section 2.5.3, a comparatively high number of observations on food
supply chain disruptions identified employees as a cause for inferior performance. However,
no further distinction was possible to assess whether human error was caused by misbehav-
iour of the individual, or by misspecification of the tasks. According to Frese, Graumann &
Theuvsen (2012), the structure of the interface determines thereby how interaction between
individuals of different units shall take place. Hence, in order to identify whether the interface
structure affects the susceptibility of supply chains to disruptions, the influence of structuring
tasks in the operative processes on the decision making by employees needs to be elaborated
in more detail. To this purpose,

Figure 16 provides a generic model to describe the process of individual decision making. **

3 According to Chmielewicz (1979), economic theory and decision theory are two not identical, but overlap-

ping scientific fields, which compose the basis for economic technology.

These factors do not ask for completeness, but illustrate the range of aspects to consider. For a similar un-
derstanding see e.g. March & Simon (1958 pp. 139-140), Hill, Fehlbaum & Ulrich (1994 p. 58), or Newell
& Simon (1976 p. 411).

54
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Figure 16: Schematic framework of decision making and execution of tasks
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According to Hackman (1970), the above illustrated framework is not intended to be a formal
model of the mental task processing of individuals, but rather shall serve as a descriptive
guideline for better understanding factors that are relevant in task performance. The box to the
left represents the coded task which is given to an individual. In order to translate the included
information in a form which the individual is able to process, the task is re-coded by the indi-
vidual. The way in which the redefinition takes place is thereby dependent on some individual
factors, which are illustrated in the box below. However, it should be noted that there are also
some interdependencies between the presentation of the task and personal factors. If for in-
stance an order document is written in Chinese, the ability of the individual to perform the
task might not be relevant in the first place, but its ability to read in Chinese.

The interdependence between personal factors and the redefinition process is also highlighted
by Hackman (1970), who states that in case the individual does not understand the task prop-
erly, the role of previous experiences with similar tasks will likely play a more important role
in the redefinition of the task. After redefinition, the individual makes some hypotheses on
how to execute the tasks in such a way that the desired outcomes are achieved, before it starts
with the execution (i.e. the process). Its performance may thereby depend on its level of
arousal, which can be at least partly influenced by the way the task is presented (Luthans
2005). Finally, either the final outcome is directly realized and is evaluated by the individual
as well as by the surrounding system, or a trial outcome can be first evaluated to correct the
process if necessary. By the end of this chain of activities, either the objective has been
achieved, or an error has occurred during task re-specification or execution. Thereby, an error
can be understood according to Reason (1990, p. 5) as follows:
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Error is a generic term to encompass all those occasions in which a planned sequence of
mental or physical activities fails to achieve its intended outcome, and when these fail-
ures cannot be attributed to the intervention of some chance agency

Thus, considering that at interfaces several individuals interact with each other, which might
have different backgrounds and personal skills, the question arises firstly, how to explain their
decision making in general so that causal relations between the instructions and resulting er-
rors can be systematically derived. Secondly, the question arises how to present the tasks to
achieve an optimal inter-subjective redefinition by individuals belonging to different compa-
nies and which interact in a specific transaction. Therefore, firstly a theoretic background for
individual decision making is required, before secondly the way of presenting instructions can
be reasoned based on the consideration of transaction specific criteria. In this context however,
apart from assessing the quality criteria as stipulated in section 3.2.1, an additional require-
ment is that the theory is consistent with the assumptions from transaction cost theory, to
avoid incommensurability.

To describe and explain the behaviour of individuals in a working environment, a range of
theories from sociology, psychology, but also economic theories exist, as will be shown in the
following. Stemming from sociology, interaction theory for instance assumes that during
interactions, both agents influence each other reciprocally regarding their expectations and
actions (Homans & Merton 1961; Gruner & Homans 1978). The structure of interactions only
changes with the durability of interaction and may become asymmetrically based on e.g. dif-
ferences in qualifications (Macharzina 1977). Individuals could thus commit errors, because
the structure of interaction has changed while the requirements posed by the organization re-
main the same or because their qualifications do not longer match the interaction context.
However, the rich context and reciprocal influence make an empirical testing difficult (Wolf
2008, p. 228). Furthermore, the unit of analysis is the interaction of individuals, not the single
individual. Therewith, decision making could only be explained with reference to the interac-
tion partner, but not based on the instructions received. In consequence, this theory does not
seem to fit the requirements named in section 3.2.1.

In psychology, the study of human errors has received a lot of attention (e.g. Reason 1990;
Rasmussen & Vicente 1989; Reason 2000; Thomas & Petersen 2003; Thomeczek & Ollen-
schlager 2006). Based on limited cognitive capacities, pattern recognition and framing, indi-
viduals only take a limited amount of information into account during their decision making.
Different levels of action regulation can thereby be identified, ranging from conscious to un-
conscious attention to the activity at hand, whereby the level of attention depends on the task
at hand (Hofmann & Frese 2011). Especially routines, but also exceptional events foster the
lack of adapting their decision making behaviour, which may lead to failure and catastrophes.
In supply chains, where individuals in the processes frequently effect routine actions, a slight
change of situation might thus not be considered due to pre-selecting information or appar-
ently obvious solutions. However, before considering theoretic approaches to explain decision
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making of individuals from other disciplines, theoretic approaches from economic theory
shall be investigated first. Thereby, those focussing on rational behaviour can be already ex-
cluded due to the conflict in assumptions with transaction cost theory.

In the behavioural sciences, several approaches are grouped which put the human behaviour
in the process into focus (Stachle 1999, p. 37). To be named here are for example the human
relations approach, and the motivation theoretic approaches (Schulte-Zurhausen 2010, pp. 13—
18). In the human relations approach, the so-called Hawthorne experiments showed that the
performance of workers in the production process is based on their satisfaction concerning
their work environment (Roethlisberger & Dickson 1961). This work environment is thereby
majorly determined by group dynamics, individual needs, and other social aspects. Organiza-
tional conflicts and weak points are hereby understood as being caused by lacking or inade-
quate social relations (Mayo 1977). Thus, from this perspective, a disruption would be ex-
plained by a lack of social appreciation or a bad working climate, which would lead to dissat-
isfaction of the human being and consequential insufficient execution of tasks in the process.
Motivation-based approaches follow this idea by focusing on the needs of humans and their
consequential behaviour in organizations. Important factors are a match between the tasks to
be done and the abilities of the worker, as well as an adequate compensation (e.g. time and
money) for their work (e.g. Schreydgg 1999, pp. 213-226; Schulte-Zurhausen 2010, pp. 13—
18). An important aspect is thereby, according to the ideas of Maslow 1978 or Herzberg,
Mausner & Snyderman (1959) that the reward matches the needs of the individual, so that
adequate incentives are set for the individual to execute the tasks at hand. For the occurrence
of disruptions, this would imply that either the activities do not match the abilities of the em-
ployees, or that employees do not perceive the set incentives to be adequate for performing
the tasks. Even though in both cases, some of the causes of disruptions named for food supply
chains are considered (see section 2.5.3), the focus on a general inability or dissatisfaction
seems to limit the scope of analysis, considering that the majority of disruptions occur at in-
terfaces, which seem to pose additional challenges not adequately explained. Hence, the theo-
retic basis should be able to explain errors by some more mechanisms influencing the deci-
sion making process.

One branch of theory specifically focusing on decision making in organizations is decision-
theory (e.g. Wolf 2008, pp. 123—-155; Scherm & Pietsch 2007, pp. 23-34). The purpose of
descriptive decision theory is to explain regularities in decision making processes occurring in
the real world, without assuming rational behaviour (Wolf 2005). In contrast to normative de-
cision theory, which attempts to derive how an individual should decide, descriptive decision
theory®® bases its assumptions on bounded rationality of actors (Stachle 1999, p. 520).

It understands organizations as a set of managerial decisions, which have to be taken under
consideration of a variety of alternatives in complex situations. The decision maker is thereby



108 Interface Design as Driver of Susceptibility to Disruptions

characterized as being rationally-bounded, since his cognitive capacities to process and evalu-
ate information are limited. This limitation restricts the decision making even more, the more
complex a situation is. Additionally, the assumption of optimal solutions seeking individuals
is repealed and replaced by individuals trying to find solutions, which are satisfying a certain
requirements level (March & Simon 1958; Simon 1959). This may also lead to the situation
that for repetitive decisions in similar contexts, the same decisions are taken, which were sat-
isfying in the past, but which are not necessarily optimal in the current situation.

Its origin can be traced back to the works of Herbert A. Simon, who attempted to refine the
simplistic assumptions of normative decision theory (Wolf 2008, p. 235).% He argues that the
assumption of classical theory of rational actors have to be replaced, if one considers situa-
tions, which involve decision making under uncertainty, goal conflict, and imperfect com-
petition of companies, e.g. due to interdependencies (Simon 1959; Simon 1979). Furthermore,
he assumes that with increasing complexity of the situation, the ability of the individual to
take all relevant information into account will be reduced, as cognitive capacities are limited
(Simon 1978b; Simon 1978a).

Additionally, decision theory refutes the assumption of maximizing behaviour of individuals.
In consideration of complex situations with information in abundance, it places a cost on in-
formation seeking, wherefore individuals stop the search for more information as soon as a
satisfying solution becomes visible. Thus, instead of maximizing, individuals are regarded as
being satisficing (Simon 1979). If the performance resulting from a decision does not yield
the level of aspiration, new information seeking processes are induced, while at the same time,
the aspiration level begins to adjust (Simon 1959). Hence, whereas cognitive capacities are
regarded as being limited, there are learning processes involved in the decision making of
individuals (Simon 1978b).

From this perspective, disruptions could occur due to wrong decisions, taken because of a
lack of cognitive capacity, a more complex situation, a low aspiration level of the decision
maker, or the interpretation of a situation according to an inadequate contextual pattern. Con-
sidering the hitherto lacking ability to explain theoretically why errors are committed by indi-
viduals, decision theory seems to be a suitable amendment. Furthermore, its basic assump-
tions do not contradict those of transaction cost theory, hence regarding bounded rationality,
imperfect competition, goal conflict and uncertainty. Even more, Williamson (2002, p. 173)
explicitly connects the two approaches, in order to “describe the human actor in more realis-
tic terms”.

With the identification of theoretic foundations, it is now possible to derive hypotheses on the
link between organizational design and disruptions. However, before deriving hypotheses, the

% Since the following paragraphs only deal with descriptive decision theory, the term decision theory is used

for brevity.
Other advancements are e.g. the Garbage Can Model (see e.g. Cohen, March & Olsen 1972; Kingdon 1995),
or cognitive dissonance theory (see e.g. Festinger 1962; Aronson 1969).
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interface structure needs further specification, to identify different elements, which can be
used as starting points for the development of hypotheses. Therefore, in the following, inter-
faces will be defined and decomposed, to allow for a deduction and operationalization of hy-
potheses.

3.3 Description of Interfaces in Supply Chains
3.3.1 General Framework for the Description of Organizational Structures

The basic assumption developed in section 2.5.3 is that in food supply chains, many disrup-
tions occur because the execution of tasks does not yield the expected outcome, which in turn
is caused by inappropriate organizational structures. From the point of view of organizational
theory, organizational structures are the instruments to cause a desired behaviour of employ-
ees with the objective to achieve organizational goals (Hill, Fehlbaum & Ulrich 1994; Stachle
1999; Frese, Graumann & Theuvsen 2012). March & Simon 1958 for instance notice that ex-
ternal and unforeseen events may require the individual to react even though it is executing its
tasks, which leads to an allocation problem of cognitive and/or physical resources. The organ-
izational design has thereby the function to structure the surrounding conditions in such a way
that the preconditions for optimal decision making to achieve the organizational goals are
given (Gross 1953). This point of view is also highlighted by Normal Accident Theory (NAT),
which assumes that the configuration of a system may foster the emergence of errors, as well
as the combination of their effects, which may lead up to catastrophes (Perrow 2006). In order
to analyze potential effects of organizational configurations however, organizational structure
has to be decomposed in its basic components, to analyze their potential effects on human be-
haviour.

The understanding of organizational structure as well as its components is thereby rather
fragmented in the literature. Aiken, Bacharach & French (1980, p. 634) for instance state that
“organizational structures refer to those objective properties of organizations per se that
cannot be reduced to or deduced from properties of the organization’s members”. This im-
plies that organizations exist independently from their members, which for instance is also the
regulatory understanding of organizations. However, while this understanding focuses on the
institutional perspective, many others have a more instrumental understanding of organiza-
tional structure.

March & Simon (1958) for instance understand organizational structure as the division of
members of an organization into several hierarchical levels, whereas Hage, Aiken & Marrett
(1971) further specify the division by stating that organizational structure includes vertical
and horizontal differentiation of power and programs. Hereby, the purpose of organizational
structure is put into focus, thus the intentional design of organizations to achieve organiza-
tional goals (Hill, Fehlbaum & Ulrich 1994).

Mintzberg (1980, p. 324) in turn focuses on the one hand only on the division of labour, but
on the other hand includes the coordination of divided work by stating “organization structur-
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ing focuses on the division of labo[u]r of an organizational mission into a number of distinct
tasks, and then the coordination of all of these tasks to accomplish that mission in a unified
way”. A similar understanding can be also found in Stoner, Freeman & Gilbert 1996 and Hall
(2002). As the definitions indicate, organizational structure has a crucial task to fulfil before
organizations can start pursuing their goals. At the same time, this task is challenging, as a
balance has to be found between dividing work and connecting it again in such a way that the
goals can be optimally achieved. Thereby, according to the understanding by Mintzberg
(1980), the more the work is split into distinct tasks, the more tasks have to be coordinated to
accomplish the mission.

However, the understandings of elements of organizational structure are not similar in every
case, but differ partly considerably. As Mintzberg (1980), Oliveira (2012) postulates that ba-
sic elements of organizational structure are differentiation and integration, whereas Hage,
Aiken & Marrett (1971) name complexity, centralization and formalization as elements.
Therewith partly identical elements are addressed, yet with different terms. For example,
complexity of occupations (i.e. “their sheer number” Hage, Aiken & Marrett 1971, p. 863) is
what Oliveira (2012) refers to as differentiation, thus the division of labour into distinct posi-
tions, for instance by departmentalization and the creation of different management layers.
Here, even though different terms are used, the basic idea is the same. As already stressed in
section 2, using different terms for the same research object imperils the comprehensiveness
of research results and may also reduce the transferability of research results (Kromrey 2009).

Integration in turn is understood by Oliveira (2012, p. 11) as being responsible for “uniting
efforts or for maintaining interactions among parts toward accomplishment of organizational
objectives or structural functions”. This is what is also understood by Mintzberg (1980) as
coordination. However, in the concept of Hage, Aiken & Marrett (1971), coordination is in-
fluenced by complexity, centralization and formalization, thus it is on a different layer of
analysis. Therewith, using these understandings in empirical research would result in substan-
tially different research designs and results, wherefore caution must be taken when choosing
the concept to be used.

A recent exemplary overview on elements of organizational structure found in the literature
has been conducted by Cordes-Berszinn (2013), who identified more than 30 partly substan-
tially diverging conceptualizations of variables of organizational structure. This diversity
highlights the importance of using one overarching framework of variables, to assure at least
internal consistency and a holistic description of organizational structures. Furthermore, as the
focus of research lies on interfaces, this framework has to be generic in the sense that it can be
expanded and adapted to interfaces. In order to assess the applicability of such frameworks,
first of all, the understanding of interfaces needs further refinement.

The question how interfaces are designed refers thereby to the instrumental understanding of
organization, which can be understood as e.g. “the entirety of measures taken to achieve pur-
poses and aims, with which a social system is structured, and with which activities of the peo-
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ple pertaining to this system, the use of input factors, and the processing of information is
structured” (Hill, Fehlbaum & Ulrich 1994, p. 17). Hence, organizational design is the action
taken, whereas organizational structure is the outcome of this action. Following this under-
standing of organization, Remer (1989) highlights the difference between organization and
planning, which is also important in the context of this thesis. According to him, the main dif-
ference between organizational structure and process planning is that the planned events are
still a floating, undifferentiated sequence, which has to be decomposed (i.e. structured) with
respect to its mediums (i.e. people or tangible means) into different roles. The importance of
this distinction is also highlighted by Aiken, Bacharach & French (1980, p. 634) who state
that “the failure to distinguish between structures and processes and the consequent treatment
of the latter as properties of the organization per se has resulted ,methodologically, in |...]
highly misleading empirical results”. Hence, based on the understanding of organizational
structure by Remer (1989) and Remer (2005), Cordes-Berszinn (2013, p. 112) defined organ-
izational structure as follows:

Organisational structure is a system of regulations aiming to steer the behaviour of the
members of an organisation

This understanding of organizational structure is thereby broader than for instance the one by
Perrow (1967), who understands it as the form of interaction between individuals involved in
a process of changing materials. However, even though interaction is a major point for the
analysis of interfaces, the broader definition of organizational structure seems to be more ap-
propriate here, to avoid a reduction of the focus on interactions, before interfaces have been
described in their entirety.

According to Roder (2001), realizing complex tasks in labour-divided processes results in in-
terdependencies and relationships between the different groups involved in the process. By
dividing processes in functional fields, interfaces are generated between these fields (Brock-
hoff 1989). In order to achieve the overall goal, the fulfilment of these sub-divided tasks has
to be coordinated across these interfaces (Roder 2001). Thereby, interfaces are part of the or-
ganizational structure, across which processes have to be coordinated.

Following this understanding, according to Beckmann & Specht (1996, p. 406), interfaces can
be defined as follows:

Interfaces are transition and connection points, between relatively autonomous organ-
izational entities, which access joint resources, and/or handle connected processes
A s
based on division of labour™’

That organizational entities are only relatively autonomous implies that they do not necessar-
ily belong to the same company, but that also supply chain partners, who are dependent on

7 For similar understandings, see e.g. Lawrence & Lorsch (1967); Brown (1983); Brockhoff (1989); Réder
(2001); Weinkauf et al. (2005).
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suppliers and customers, can be considered. At the same time, this definition can also encom-
pass different departments or locations of the same company. This is also stressed by Brown
(1983, p. 1), who states that these entities (or social units) “may be groups, departments, or
whole organizations, and their contact may be recurrent and well-established or fleeting and
episodic”. Thus, interfaces do not only exist in companies, but also on the supply chain level,
and interactions may have different patterns of frequency. However, in the following, only
interfaces between companies, hence inter-organizational structures, will be regarded.

Nevertheless, as for instance Riechey (2008) notes, conflicts at interfaces may be more pro-
found between different organizations than within departments of the same organization, as a
higher hierarchical entity, which might resolve the conflict, is lacking. This is also supported
by e.g. Brown (1983), who states that at interfaces conflicts emerge as parties with diverging
and common interests, as well as compatible and incompatible behaviour come together.
Frese, Graumann & Theuvsen (2012) explain such conflicts with interdependent decision ar-
eas, whereby interdependencies either emerge due to sequential links of the planning of reali-
zation processes by entities, or due to overlapping decision areas. Considering that at inter-
faces, realization processes between entities are linked by exchanges, and that each entity also
has to plan parallel exchange processes for optimal capacity and resource utilization, both
causes of conflicts seem to exist.

Additionally, with the lack of a common hierarchical entity at interfaces, also the ability to
control the output of employees is reduced. As Kieser & Walgenbach (2007) observe, with
more autonomy in the execution of complex tasks, the identification and unambiguous attri-
bution of errors to the responsible person becomes more difficult. However, another explana-
tion for increased susceptibility of interfaces to disruptions is that the instruments to guide and
control employees are inadequate, as shared norms and rules are lacking (Kieser & Walgen-
bach 2007). Nevertheless, also inter-organizational interfaces incorporate an organizational
structure (Trist 1977), even though they are considered as given (Frese, Graumann & Theu-
vsen 2012). This view is illustrated in Figure 17.
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Figure 17: Understanding of interfaces in supply chains
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As can be seen, Figure 17 shows two organizations with different structures and one common
interface. Since positions in organization A and B do not share one common superior, the fo-
cus is on horizontal coordination instead of horizontal and vertical coordination. According to
this understanding the organizational structure of the interface between supply chain partners
determines how connected processes between organizations are realized. Since the people and
machines involved in these processes belong to different companies, this structure has thereby
to be agreed upon by relatively autonomous organizational entities (see definition above). Ac-
cording to Ansoff & Brandenburg (1971), the purposeful selection of options of organiza-
tional structure in consideration of the organization’s strategy, as well as environmental con-
ditions impacting the organization, can be understood as the process of organizational design.
With reference to this understanding, and with regard to the terminology used in this thesis,
organizational design is defined as follows:

Organizational design is the purposive selection of an organizational structure under
consideration of strategic and environmental conditions

Thus, organizational design results in the targeted organizational structure, or at least in the
structure, which is as similar to the desired structure as the organization can get.’® The design
of interfaces is here therefore understood as how the structure of the interface has been chosen
by the supply chain partners in a certain transaction context. Based on these explanations, the
structure of interfaces can now be decomposed into its general elements based on a termino-
logical system describing organizational structures. By transferring the terminology from or-

3 Of course the realized organizational design may vary over time. In reality, intended structure and realized

structure are likely to differ to some degree from one another (see e.g. Remer 2005). A similar understand-
ing of organizational design can be found e.g. in Ben-Ner, Kong & Lluis (2011).
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ganizational structure to the structure of interfaces, the general validity of statements is en-
hanced (e.g. Chmielewicz 1979; Wolf 2008).

Hence, the variables should be able to describe not only the organizational structure of inter-
faces, but also organizational structures of socio-technical systems in general®®. This would
allow the expansion of analysis to explain disruptions for example caused by company-
internal organizational structures. Furthermore, Popper (1973) states that systems of state-
ments are internally consistent, implying that they do not contradict each other logically,
wherefore the underlying terminology also has to be consistent.

These requirements favour to remain in the management system by Remer (2004) due to sev-
eral reasons. Firstly, it is general, since the descriptive system is not only used to describe or-
ganizational structure, but also planning, potential, and policy. Secondly, many variables used
to describe organizational structures in the literature are specifications of the two main com-
ponents of organizational structures (Remer 1989), namely differentiation and programming,
which will be further described in the following paragraphs. Thirdly, it is specific, as the ele-
ments can all be divided into smaller entities of interest and filled with content depending on
the focus of interest, as has been done for the classification of disruptions in section 2.3.3.
Therefore, the organizational structure of interfaces shall also be described following the ter-
minology by Remer.

Consequently, the first step is to de-compose the element organization into organizational
sub-elements, which are then described regarding objects, directions, and dimensions, as well
as the characteristics type, degree, form, standardization, and formalization. The systematic
approach for the de-composition and description of organizational structure can be found in
Figure 18.

% Companies can be basically understood as combinations of mechanical and human resources and therewith

as socio-technical systems Hiilsmann (2002).
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Figure 18: Systematic description and decomposition of organizational structures
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Organization can thereby be understood as “a system of roles, which is constituted by pur-
pose-oriented (instrumental) expectations” (Remer 1989, p. 2)°. How the system of roles is
structured, i.e. how each role is defined in the context of other roles and the overall system,
depends on decisions regarding the organizational differentiation. Remer (1989) considers
this variable as the primary variable, since without defining roles, no organization in the un-
derstanding above exists. The secondary variable is programming, which refers to the formu-
lation of purpose-oriented expectations posed on a role. In the following, the variables differ-
entiation and programming shall therefore be systematically described and applied to the con-
text of interfaces, or, more specifically, to interfaces in (food) supply chains.

% The original publication is in German, wherefore the vocabulary had to be firstly translated into English. A
suggestion for translation of Remer’s model can be found in Cordes-Berszinn 2013. However, whereas the
original differentiates objects of programming into instances and positions, Cordes-Berszinn introduces the
o terms, governance positions and labour position, which will also be used here.

For similar definitions see e.g. Grochla (1978, p. 12); Frese (1992, p. 2); Hill, Fehlbaum & Ulrich (1994, p.
56).
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3.3.2  Differentiation of Organizational Structures at Interfaces in Supply Chains

The aim of this section is to adapt Remer’s systematic description of organizational structures
to the description of interfaces in (food) supply chains. Therefore, each of the two variables
will be described regarding objects, directions, dimensions, type, degree, form, standardiza-
tion and formalization. Furthermore, these descriptions will be set in the context of interfaces
in supply chains and some examples provided for the application in food supply chains.

As stated above, differentiation refers to the definition of roles in a system (Remer 1989;
Remer 2005). More specifically, organizational differentiation has been defined by Cordes-
Berszinn (2013, p. 133) based on Remer (1989) as follows:

Organisational differentiation is the quantitative, qualitative, temporal and spatial
horizontal as well as vertical decomposition of labour and governance into positions
and instances (governance positions).

Organisational differentiation allows thereby the creation of capacities by allocating resources
to certain tasks, wherefore the purpose of this sub-element is to create capacities (Remer
1989). Objects of differentiation in social systems are labour positions and governance posi-
tions, which refer in the first case to the division of labour and in the second case to the divi-
sion of power (Remer 2005). These can be further specified regarding the directions of differ-
entiation. As has already been mentioned during the decomposition of operational planning,
differentiation can be split into vertical differentiation and horizontal differentiation. The four
resulting variables, namely vertical differentiation of labour, horizontal differentiation of la-
bour, vertical differentiation of governance, and horizontal differentiation of governance can
be further specified regarding the same dimensions as already used in section 2.3.3, hence
quality, quantity, time, and space. In order to avoid redundancies and to depict the essence of
the terminological system, in the following, examples for the application at interfaces in food
supply chains will be primarily given for differentiation either of governance, or of labour.

The vertical differentiation of governance refers to the gradation of authority to issue orders
(Remer 1989). It divides positions in a system according to making commands or receiving
commands (Remer & Hucke 2007). As organizations generally do not design interface-
specific vertical chains of command, as joined hierarchies are lacking, each position involved
in the process receives or issues commands to other positions within its organization, but
normally not across the interface to positions at the other organization. However, regarding
vertical differentiation of labour, several levels of labour positions can be involved, which are
responsible for different tasks necessary to execute the shared processes. Upson, Ketchen &
Ireland (2007) for instance note that in the case of strategic supply chain management, strate-
gic, operational, and technological integration takes place between supply chain partners.
Therefore, it seems to be likely that at least for longstanding partnerships, processes across
interfaces span more positions from different levels of each organization, such as operations,
strategic management, and IT. However, also in the case of less stable partnerships, the ex-
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change of products (i.e. material flow) and the exchange of information (i.e. information flow)
do not necessarily take place on the same hierarchical level. In consequence, interfaces may
differ regarding the number of levels, on which tasks concerned with the shared process are
executed.

Horizontal differentiation of governance reflects the division of authority on the same level,
e.g. between managerial and technical units (Remer 2005). Whereas division of labour has
been frequently regarded as a measure to increase efficiency,” division of authority is a less
analyzed aspect (Remer 1989). In the context of interfaces in supply chains, the partners
would have to decide, how many units or positions would coordinate the process, and what
kind of functional positions to involve. For instance, the increased use of private quality man-
agement standards in food supply chains (e.g. Beulens et al. 2005; Fulponi 2006; Banterle &
Stranieri 2008), may lead to an additional involvement of the quality management department
in the exchange processes, where previously maybe only the logistics department was in-
volved. Therefore, interfaces can be also characterized by the number of different positions or
units from the same hierarchical level involved in shared processes.

The dimension quality would further decompose labour and governance regarding the content
of each hierarchical level or unit (Remer 1989). Qualitative horizontal labour differentiation
could for example differentiate logistics personnel based on expert knowledge for specific
product groups. Especially in food supply chains this seems to be useful, since product re-
quirements during handling and transport may differ widely (Frith 1991). Depending on the
kind of process, the interface could thus involve different positions of the same unit.

The quantity refers to the amount of authority or work at each level or unit (Remer 2005). In
supply chains, labour could be separated vertically depending on the setup of amount of work
(e.g. a truck driver can only drive one truck at a time, whereas one expeditor can control sev-
eral trucks at a time). Horizontally, labour could be for instance divided between the supplier
and a sub-contractor based on idle work capacities. Hence, both partners have to agree on how
much of the shared process is executed by each of them.

In a temporal sense, horizontal differentiation of governance could be according to Remer
1989 temporally separated into authority projects. Vertical differentiation of labour delimits a
position regarding the point in time or period of time (Remer 2005), for which its tasks are
separated from higher or lower hierarchical levels. In food supply chains, where transit times
are crucial (Bourlakis & Weightman 2004), supply chain partners could for instance agree to
execute shared processes in shift work.

Spatially, vertical differentiation of governance divides the authority depending on levels,
such as global authority versus local authority (Remer 1989). Regarding the design of inter-
faces, organizations could agree for instance on which decisions can be taken at every hand-

2 This aspect has been intensively regarded in e.g. REFA (n.d.) studies, or in the example of pin production

by Smith (1791).
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over of products for example at the distribution centre, and which decisions would be taken
during meetings of both parties at the head office. Horizontal spatial labour differentiation
refers to the work places of positions (Remer 2005). Whereas interfaces in cold chains require
organizational and technical links to assure, supervise and document the maintenance of the
cold chain upon handover (Kiippers 2002a), other positions involved in the shared processes
might not be required to be physically close to one another. Hence, for those positions in-
volved in the material flow of products at the interface, horizontal spatial differentiation
seems to be limited, whereas for those positions involved in the immaterial flow, more design
options exist.

As already mentioned above, vertical and horizontal differentiation of governance is further
specified by the characteristics type, degree, form, formalization, and standardization (Remer
& Hucke 2007). However, whereas type, degree, and form further describe and specify the
organizational structure, formalization and standardization take a kind of intermediate form,
as they do not describe organizational structure itself, but its general validity (Remer 2005).

Regarding type of differentiation, it can be oriented more towards the requirements of the
planned governance programme, or more towards the existing potential of the governance
system (Remer 1989). For supply chain partners, the horizontal and vertical governance struc-
ture can thus either be differentiated based on the requirements of the planned transaction, or
based on the available tools and methods for issuing commands (e.g. by automatic order re-
lease), and for controlling their execution (e.g. by shipment tracing).

The degree of vertical and horizontal differentiation refers to the question, how intensive (i.e.
segmented) and how extensive (i.e. fragmented) for example the labour structure of the sys-
tem is differentiated. Segmentation regulates hereby the (dis-)similarity of work units or man-
agement levels,” whereby fragmentation defines how many units or levels of the same kind
exist (Remer & Hucke 2007). Each of the two can be either high or low, but are not com-
pletely separable from one another, as there exist trade-offs between them (Remer 1989).
Supply chain partners could for instance decide that there is only one unit (i.e. low fragmenta-
tion) issuing all kinds of commands for the execution of shared supply chain processes (i.e.
low segmentation). However, this configuration would result in a huge complexity and
amount of tasks, which could possibly not be handled appropriately. Additionally, (Remer
1989) stresses that the configuration of the degree of differentiation may depend on the situa-
tion. Furthermore, he adds that a high degree of differentiation in one criterion (e.g. vertical
authority grading) can be partly compensated by a low degree in another criterion (e.g. hori-
zontal authority distribution).

The form of differentiation refers to whether the system of roles is a manifestation of a fixed
perception of the system and its purpose (i.e. inward-oriented or system-oriented), or whether

®  Similarly, Frese & Beecken (1995, p. 135) define segmentation as “horizontal de-composition [...] by creat-

ing coequal parts*.
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the system has been designed in response to environmental conditions and constraints (i.e.
outward-oriented or environment-oriented) (Remer & Hucke 2007). For instance, is the dif-
ferentiation of governance of an interface an expression of the purpose of the interface (e.g.
cost-efficient transactions)? Or is it the expression of environmental constraints (e.g. compli-
ance with regulatory requirements)?

An organizational structure is standardized, if and in so far it is fixed in the long-run (Remer
2004). The degree of standardization incorporates thereby two aspects, firstly, the temporal
durability of fixation, and secondly, the validity without exception.** For vertical and horizon-
tal governance differentiation, standardization refers to the temporal duration of rules. How-
ever, as in the case of other characteristics described above, not all aspects have to be stan-
dardized to the same extent (Remer & Hucke 2007). In the case of interfaces, supply chain
partners may fix for example the structure of the chain of command (i.e. vertical governance
differentiation) for all transactions ever to be done (i.e. durability and without exceptions),
whereas the number of involved units (i.e. horizontal governance differentiation) can vary for
sub-sequent transactions or depending on the products transferred (i.e. durability and invari-
ability). If for instance perishable food products are transferred, it may be important to always
involve apart from the logistics department also the quality management department, whereas
this may not be necessary if the same partners transfer e.g. dry solids. In this case, the inter-
face structure would be of high temporal durability, but situationally variable.

Finally, the differentiation of governance can be formalized, receiving validity for a group of
roles (i.e. socio-spatial infinity of validity) and being more or less compulsory (i.e. socio-
spatial rigidity of validity) (Remer 2005, pp. 123—-124). Therewith, formalization helps in
making random rules to universally valid rules (Remer & Hucke 2007). In fact, in supply
chains, formalization is frequently regarded as a crucial aspect of successful collaboration
(Min et al. 2005). This is especially important for instance in international food supply chains,
where partners of different cultural backgrounds with different habits and social rules have to
agree upon the design and execution of transactions. As such, they might perceive risks dif-
ferently and follow different implicit models of relationships (Canavari et al. 2010). Thereby,
the formalization of rules by e.g. explicit and extensive contractual agreements refers to the
binding nature of the agreed-upon governance structures, and the fixation of penalties helps to
assure that both partners will not deviate from the contract.

Considering these different aspects for structuring organizational differentiation of govern-
ance and labour, it can be observed that they all provide continua of possible designs.®® If one
combines then different manifestations of each characteristic with each other, an abundant
array of combinations of governance differentiation arises (Remer 1989; Remer 2004; Remer

#  Cordes-Berszinn (2013, p. 137) translates this element into “rigidity of validity“. For a better differentiation

from socio-spatial rigidity, in the following, the term “invariability” will be used.
This is also true for other approaches which differentiate between elements of organizational structure, see
e.g. Oliveira (2012) and Aiken, Bacharach & French (1980).
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2005; Remer & Hucke 2007). Even if only the end points of the continua would be regarded,
numerous options would be possible.

This could be done for instance, if only completely standardized governance differentiation
options would be compared to singular governance differentiation options. However, as ob-
served for example by Hiilsmann, Grapp & Li (2008), a balance between flexibility and sta-
bility is required to be able to react to changing environmental circumstances. Nevertheless,
only by indicating once the entire sphere of possible configurations of organizational structure,
it becomes possible to allow for managerial decisions (Remer 2004). These can be further-
more supported by regarding the second element of organizational structure, namely pro-
gramming, which will be introduced and adapted to interfaces in the following.

3.3.3  Programming of Organizational Structures in Supply Chains

According to Remer (2004), organizational programming has to be differentiated from pro-
gram planning, since the latter refers to the creation of plans, whereas the former refers to the
transfer of plans into role expectations (i.e. instructions). Hence, whereas operational planning
refers to the content of work (i.e. what has to be done), programming refers to the way of
working (i.e. how something has to be done). In accordance with Cordes-Berszinn (2013, p
141), organizational programming can be defined as follows:

Organisational programming is the assignment of quantitative, qualitative, temporal
and spatial instructions on intra- as well [as; A/N] interactional activities to positions
and instances

Thus, whereas the differentiation is required to create capacities, programming of roles has
the purpose to control. Furthermore, as in the case of differentiation, programming can be
specified into objects, directions, and dimensions, and characterized by type, degree, and form.
The validity of this configuration is again determined by the characteristics standardization,
and formalization (Remer 2005). Items to be instructed are following Remer (1989) govern-
ance positions and labour positions, which can be instructed in two directions, firstly, regard-
ing their content (i.e. intra-actional programming), and secondly, regarding their relations
with other roles (i.e. interactional programming). The difference between governance posi-
tions and labour positions can be seen analogously to governance and labour. While the la-
bour position refers to functional tasks such as accounting, the governance position refers to
governance tasks such as delegating work. As both items can be described and configured in
the same way, in the following, governance positions and labour positions shall be used inter-
changeably. How these items can generally be instructed and described will be shown in the
following paragraphs.

Remer (1989) differentiates the programming of governance positions and labour positions
regarding their task program (i.e. intra-actional programming) and their cooperation program
(i.e. interactional programming), which is identical to the differentiation of programming of
positions. Thereby, intra-actional programming of governance positions answers the question,
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how a leadership role shall execute its regulating function, thus, which methods to use for
governing (Remer 1989). In analogy, labour positions are programmed regarding which ac-
tivities they are expected to complete to produce the envisaged outcome. In contrast, interac-
tional programming refers to the specifications of interaction, hence how a position is in-
structed to cooperate with other positions.*®

In the context of supply chain interfaces, supply chain partners could for instance determine
that employees have to be monitored by their superiors more closely than normally, if the ser-
vice provided is new to the partner, or if products or processes are highly sensitive towards
disturbances. Defining how and when to control employees is part of the interactional pro-
gramming of governance positions. Furthermore, the partners might agree on regular meetings
or information exchange between managers of both partners on managerial practices. In the
food and retail sector, this might include for instance quarterly meetings, where customer de-
mand, new items development, in-store display support, cost-benefit analyses of inventory
holding versus direct shipping etc., can be discussed (Min et al. 2005). Another example for
such reciprocal, continuous and structured exchange of knowledge and information are com-
munities of practice, which emerge in long-term exchange relations of several partners (van
Baalen, Bloemhof-Ruwaard & van Heck 2005). As can be seen, there is a multitude of op-
tions of how supply chain partners can program positions at interfaces. To structure these op-
tions further, intra-actional and interactional programming can be additionally described along
the four already known dimensions quality, quantity, time, and space.

Qualitative intra-actional programming of governance positions determines e.g. which meth-
ods to use (Remer 1989). For instance, partners in supply chains could agree to set targets for
employees, e.g. by using a defined set of Key Performance Indicators (KPI), instead of giving
detailed instructions on how to perform a task. However, the use of different KPIs has been
identified as an issue in collaborative supply chain performance improvement, since the use of
diverging KPIs may result in conflicts between supply chain objectives (Cai et al. 2009).
Therefore, not only the type of methods has to be agreed, but might need further specification
or interpretation in a specific context.

Qualitative interactional programming of labour instructs positions for the continuously
emerging cooperative requirements (Remer 1989). Therewith, it is not only determined that
an exchange takes place, but also the nature of exchange. In a supply chain context, partners
can among others specify the channels of communication, for instance to use the internet in-
stead of paper-based communication, to reduce excessive paperwork and increase visibility
along the chain (Bourlakis & Weightman 2004). The qualitative interactional programming
may be especially important at interfaces in international food supply chains due to the het-
erogeneity of cultures and practices (Waters 2009).

% According to Cordes-Berszinn (2013) organization literature mainly refers to coordination or integration.
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Quantitative intra-actional programming of governance positions refers to the amount of
governance executed (Remer 1989). As such, for example the frequency of controlling the
achievement of targets could be fixed, as well as the determination of fault tolerance in the
compliance with instructions. Said fault tolerance may differ substantially in food supply
chains, considering for example that 2.5 degrees deviation from the optimal temperature re-
duces shelf-life of bananas by approximately two days, whereas such a deviation can cause in
avocados a shelf-life loss of 17 days (Paull 1999). Consequently, the monitoring and evalua-
tion of careful product handling by employees might need adaptation, if it is based for exam-
ple on compliance with shipping temperatures.

Quantitative interactional programming of labour positions defines the extent of interaction
of positions (i.e. cooperation) which has been defined by instructions (Remer 1989). This as-
pect is frequently regarded in supply chain management literature, since it involves for exam-
ple decisions on the extent of information sharing between supply chain partners, which is
frequently seen as a performance driver (e.g. Steckel, Gupta & Banerji 2004; Seuring 2004;
van Baalen, Bloemhof-Ruwaard & van Heck 2005; Bechini et al. 2008). Hence, depending on
the depth of partnership, supply chain partners may agree differently on the quantity of inter-
actional programming.

As examples for temporal intra-actional programming, Remer (1989) suggests the determina-
tion of points in time for the execution of labour tasks, or the determination of duration of cer-
tain tasks. As temperature deviations occur frequently at interfaces, for example during load-
ing of a container or due to early disconnection of reefers prior to being loaded on a vessel
(Drewry Shipping Consultants 1990), supply chain partners could fix the duration of loading
operations or the time of plugging off the reefer before loading.

From the interactional perspective, governance positions have to decide on when to cooperate
(Remer 1989). Partners in food supply chains for instance agree on allowing facility inspec-
tions by the partner in random intervals (Hobbs, Fearne & Spriggs 2002). In general, it can be
assumed that the time of cooperation is primarily fixed in a broad sense by the duration of
contract. However, this does not cover the frequency or number of cooperative exchanges
within duration of the contract. Therefore, the frequency of interaction might differ depending
on the duration of partnership and depending on other characteristics of the partnership, for
example the frequency of transactions.

The spatial intra-actional programming of governance positions refers to the question of
where the governance tasks have to be effected (Remer 1989). Especially in supply chains,
where employees are transporting goods from and to different locations, managers might not
be required to be in a physical office to issue orders, if employees are somewhere else. How-
ever, for the design of the interface, the question might be more important, where governance
positions have to issue their tasks, for instance depending on the criticality of process steps. If
for instance certain assembly steps are very sensitive, a supplier might demand a sub-
contractor to supervise these production steps more closely than the rest of the process.
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The interactional spatial programming in turn defines the places of cooperation or the spatial
pre-conditions for cooperation (Remer 1989). Supply chain partners may for instance decide
to cooperate only in certain regions of the world. Another important question is also the divi-
sion of authority between them. In international trade, this is frequently determined by agree-
ing on International Commercial Terms (Incoterms), which stipulate where the financial risk
for the cargo is shifting from one partner to the next (Weick 2012). As an example, South Af-
rican fruit and vegetable exports to Europe are frequently based on Free on Board (FOB)
terms, which mean that the buyer takes over responsibility for the product upon loading on the
vessel (Ortmann 2005). In this case, the border of authority over decisions on the handling of
the product would end for the seller upon loading, where the authority would be transferred to
the buyer (as far as the authority of the shipper is not concerned).

The type of interactional and intra-actional programming of governance and labour positions
can be either oriented towards the conditions of programming, or towards the intentions
(Remer 1989). Intentional programming would be based on certain rules or regulations,
which would be applied irrespective of the case at hand (Remer 2004). For example, the EU
regulation (EC) No 852/2004 on the hygiene of foodstuffs prescribes food business operators
to implement procedures following HACCP®” principles (European Commission 2004). Con-
ditional programming would rather determine the aspects, which have to be considered in the
situation-specific decision making (Remer 2004). For example, governance positions in food
supply chains would have to consider the product-specific requirements in terms of tempera-
ture and relative humidity in their decision making on transport modes to be used.

The degree of interactional and intra-actional programming of governance and labour posi-
tions can be again either high or low. Thereby, the degree of programming is constituted by
firstly, the level of detail of instructions, and secondly, by the preciseness of instructions
(Remer 1989). The level of detail is high, if the entire pattern of behaviour is covered by in-
structions (Remer 2005). For example, the level of detail would be high, if positions involved
in shared processes are not only instructed regarding loading and unloading of products, but
also regarding checks to be conducted on the products, the documents to be exchanged, and
the procedures for registering the shipment in the data management system. Preciseness of
instructions in turn is high, if a position has no more freedom of choice on its work technique,
rhythm, or workload (Remer 2005). Examples here are instructions for positions at assembly
lines or in JIT production systems, where the customer pulls material through the production
system (Wilhelm, Som & Carroll 1992).

The form of programming can be inward-oriented or outward-oriented (Remer 2004). How-
ever, in contrast to the form of differentiation, the form of programming does not refer to en-
vironmental and system perspective, but rather to the position-orientation and organization-
orientation. It is position-oriented, if each entity is programmed based on expectations associ-
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ated with this position (Remer 1989). For example, the position “Quality Manager” is ex-
pected to be an expert on quality management in its business unit (Saraph, Benson & Schroe-
der 1989). It is organization-oriented, if the programming is based on fixed expectations of
the structural organizational context, such as joint problems, interdependencies, etc. (Remer
1989). Examples are production teams, which work across conventional organizational
boundaries relative autonomously to achieve a joint outcome (Cohen & Bailey 1997).

By standardization, the instructions of governance positions receive their long-term enduring
character (Remer 2004). The degree of standardization is again composed by its temporal du-
rability and its validity without exceptions (Remer & Hucke 2007). Supply chain partners may
decide to instruct the relevant governance positions only for the duration of one transaction
(e.g. for the delivery of one container of apples), or they might instruct the governance posi-
tions in such a way that it is valid for all future transactions (e.g. for the steady supply with
apples). Furthermore, they might instruct all governance positions to act in all situations in the
same way, or might provide standard operating procedures, which only apply if nothing else
has been negotiated (i.e. invariability).

Finally, formalization refers to the range of addressees (socio-spatial validity) and rigidity of
programming of governance positions (Remer 1989). For instance, governance positions in
more creative work areas (e.g. Product Development) do not receive instructions, whereas
governance positions e.g. in Accounting receive instructions (i.e. low range of addressees).
Furthermore, deviations from the instructions can be either tolerated or penalized, if for ex-
ample deviations from instructions imperil the participation in the system (Remer 2005). For
example, retailers in European countries nowadays often require their suppliers to implement
Efficient Consumer Response (ECR) or Category Management (CR) programmes to increase
food quality and to cut costs. Those suppliers not able to comply with these requirements are
replaced (i.e. high rigidity) (Fearne & Hughes 2000).

The resulting variety of how organizational structure can be described is illustrated in Figure
19. Therein, elements, objects, directions and dimensions form together the sub-object of or-
ganizational structure or operational planning (marked in grey), which can then be character-
ized along different general categories (outlined in grey).

®  HACCP is the abbreviation for Hazard Analysis and Critical Control Point. For further reading, see e.g.

Mortimore & Wallace (2000).
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Figure 19: Combinatorial options to describe organizational structures
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As can be seen, the approach offers a considerable variety of design options and descriptive
specifications of elements of organizational structure. Even though the terminological frame-
work by Remer (1989) has a broad applicability across organizational designs and even across
organizational boundaries, it also bears some disadvantages, which have to be mentioned.

Firstly, the measurement of organizational structures is difficult to realize. Especially in social
science, the operationalization of research objects represents a challenge, due to the intention
to analyze abstract constructs, which cannot be directly observed in reality (Kromrey 2009).
This problem has also been acknowledged by Remer (1989), who therefore illustrates some
potential indicators of organizational structure. Secondly, the complexity of combinatorial op-
tions might not allow for a complete empirical examination and validation of hypotheses. As
the options in Figure 19 only cover the construct of organizational structure, for the analysis
of hypotheses, these design options would have to be linked to disruptions, which in turn have
also been decomposed based on this terminological system. Considering all possibilities, in
which organizational structures and deviations of operational planning can be described and
modified, a total of 4.096 combinations would result. This is illustrated in Figure 20.
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Figure 20: Combinatorial options of organizational structures and operational planning
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In this context, Remer (1989) states that normally not all basic elements for the description
and analysis of organizational structures will be used, but that they are reduced to those
deemed important in the specific situation. As Kromrey (2009) asserts, the depth of theoreti-
cal decomposition of research objects depends on the research question and Schulte-
Zurhausen (1999) suggests the reduction of complexity based on prioritizing sub-objects of
investigation. Consequently, the framework by Remer (1989) will be condensed following the
purpose of this thesis.

Theoretically, even more combinatorial possibilities would exist, if the omission of steps in the sequence of

combination would be considered.
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3.4 Design of Interactions as Drivers for Supply Chain Vulnerability
3.4.1 Concretization of Interface Structure

As has been shown in section 3.3.3, describing the organizational structure of interfaces based
on the methodology provided by Remer results in 256 possibilities to modify the interfaces
(see Figure 20). According to Kromrey (2009), the determination of the research design can
be deduced from the research purpose. Consequently, in order to reduce this complexity with-
out neglecting aspects of high importance, relevant aspects will be prioritized based on the
research purpose.

The research object of this thesis is the reveal causal relations between on the one hand, or-
ganizational structures of interfaces, and on the other hand, disruptions in food supply chains.
Thus, for prioritizing aspects of organizational structure, the interface management literature
may serve as a starting point, whereas for disruptions in food supply chains, one may refer to
the literature on disruptions in (food) supply chains. Furthermore, the purpose is to deduce
and empirically test hypotheses on causal relations between the structure of the interface and
the occurrence of disruptions. Therefore, following the ontological foundation of this thesis
by Popper (1973) also the feasibility of deducing falsifiable hypotheses needs to be consid-
ered. Hence, the following paragraphs will reason the exclusion of aspects based on the rele-
vant literature.

According to Remer (1989), differentiation is the primary variable to describe organizational
structures, as without it, no role-like structuring of a system would exist. However, he also
states that even though programming can be sometimes neglected, especially in larger social
systems, roles have to be instructed regarding the expectations of other system members. Fur-
thermore, if an event occurs that requires a reaction to avoid the occurrence of a disruption,
adequate programming of positions may reduce the amount of coordinative efforts. This is
also supported by March & Simon (1958, p. 163), who state that “the organization has avail-
able a repertory of programs, so that once the event has been classified the appropriate pro-
gram can be executed without further ado”. Therefore, programming seems to be especially
important in this context and is considered as a focal aspect of interface design.

Regarding the organizational design of interfaces, Schulte-Zurhausen (2004) stresses the im-
portance of process-oriented organizational structures. He specifies that “companies can only
react flexibly and quickly, if decision processes do not have to pass numerous hierarchical
levels” (Schulte-Zurhausen 2004, p. 24). This is also observed by Trist (1977), who argues
that relations at the inter-organizational level are organized less tightly, so that individuals are
more often on their own. Similarly, Réder (2001) states that the number of hierarchical levels
at interfaces is reduced, while the positions, in absence of higher hierarchical levels, co-
ordinate activities horizontally between them. Therefore, the objects differentiation of gov-
ernance and programming of governance positions seem to be of less relevance and will be
excluded in the following.
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As the literature on interface management indicates, one of the main characteristics of inter-
faces is the challenge to co-ordinate activities horizontally between different companies
(Brown 1983; Brockhoff & Hauschildt 1993). Furthermore, interface management has been
acknowledged to be more crucial for the success of companies than the isolated optimization
of single business areas (Reifl & Corsten 1995). Thus, company-internal optimization seems
to be less important than the optimization of how to interact on a horizontal level. Conse-
quently, vertical differentiation of labour and intra-actional programming of positions will
not be regarded in the following, as both focus on company-internal aspects.

The remaining objects are horizontal differentiation of labour and interactional programming
of positions. According to Remer (1989, p. 20), horizontal differentiation of labour represents
“the embodiment of labour organizational differentiation”. It serves thereby the capacity ef-
fect by decomposing the overall task. At the same time, it is a constituent part of the defini-
tion of organizational interfaces as illustrated in section 3.3.1. By focussing on the interface
between companies, which jointly handle connected processes, the horizontal differentiation
of labour is already determined by the transition point. This implies for instance that qualita-
tive horizontal differentiation of labour, or “specialization” as Remer (1989) terms it alterna-
tively, is determined by the agreement to decompose the shared process into different parts
done by different companies. This is also supported by Frese, Graumann & Theuvsen (2012)
who state that the competence structure at interfaces can be considered as given. Furthermore,
the purpose of this thesis is not to determine how companies should select their specialization
in the process, hence to move the interface along the process, but to analyze the effect of the
existing interface on the probability of disruptions. Also the quantitative (i.e. division of
amount of work), the temporal (i.e. division of phases of work), and the spatial (i.e. the loca-
tion of work) horizontal differentiation of labour, the main conditions are set by the type of
process, the companies involved and other contextual parameters (e.g. geographic location).
The possibility to modify these conditions for already existing supply chains thus seems to be
relatively low. Furthermore, Remer (1989, p. 11) states that “in certain limits, the two vari-
ables differentiation and programming can take over the function of the other one respec-
tively”. Therefore, the analysis of potential impacts of horizontal differentiation of labour is
considered to be of less importance for the purpose of this thesis.

The dimensions for describing interactional programming of positions seem all to be at least
theoretically important, since no evidence helps to prioritize dimensions. Furthermore, Remer
(1989) stresses that in general all dimensions will be used to define a position, though to dif-
ferent extents. Therewith, these dimensions specify the content of programming wherefore
their general manifestations can only be differentiated into being more or less defined. Their
effective direction seems to be therefore similar to the effect of programming in general and
will thus be subsumed under programming. The relevancy of this focus of attention has also
been stressed by e.g. Harland (1996), who acknowledges the importance of analyzing dyadic
relationships between positions in supply chains to gain insights into supply chain behaviour.
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Furthermore, as Kieser & Walgenbach (2007) notice, coordination tasks require different
qualifications than execution tasks, which increases the demands posed on individuals consid-
erably, if they are required to do both kinds of tasks. This argument could help to explain,
why disruptions seem to occur more frequently at interfaces. Consequently, the following de-
duction of hypotheses will focus on the interactional programming of positions at inter-
organizational interfaces.

Regarding the abstract characteristics type and degree, as well as the concrete characteristic
form of organizational structure, Remer (1989) asserts that the #ype of differentiation and pro-
gramming is prone to perception errors, as indicators can mostly not be generated on the in-
strumental level, but on the level of actions or physical structure (e.g. office layout). Addi-
tionally, March & Simon (1958) acknowledges that concerning the form of differentiation and
programming, contingent decisions regarding focus points have to be taken. Therewith, both
characteristics do not seem to allow for the deduction of “strong” hypotheses in the sense of
falsification and are therefore not considered explicitly in the following.*’

As Remer (2005) states, the above-mentioned characteristics describe the substance of organ-
izational structure, whereas the characteristics standardization and formalization concern its
general validity. For the context of interfaces, the general validity is important, as otherwise it
would not be possible to assess whether these structures were also applied in a certain transac-
tion. Without their determination, the applicability of the previously defined organizational
structure is imperilled, as it is not clear, for whom and for which work units the structure is
defined. Consequently, once the organizational structure in its elements, objects, directions,
dimensions and degrees has been defined, it has to be determined, how far it is standardized
and how far it is formalized. However, not for every aspect of organizational structure, the
standardization and formalization has to be the same. Indeed, Remer (2005) stresses that for
instance maximizing standardization regarding its temporal durability as well as its excep-
tionlessness would endanger the ability of the system to adapt to changing requirements. He
suggests therefore varying the degree of standardization for different objects. Hence, stan-
dardization as well as formalization may therefore take different forms in the same transaction,
but for different activities and will therefore be considered. Thus, this thesis will focus on the
analysis of how interactions between supply chain partners at interfaces are programmed re-
garding degree, standardization and formalization.

According to Remer (1989), interactional programming of positions comprises the instruc-
tions for a position on how and with whom to be in contact. The degree of programming in
turn describes the extensity and intensity of instructions (Remer 2004). Such contacts com-
prise the mere forwarding of objects or information, as well as the exchange of information
between positions (Remer 2005). Interactional programming is therefore necessary, as posi-

% The exclusion does not imply that they are non-existent. Rather, the assumption is that for the specific situa-

tion, there exist “typical“ shapes. Thus, for the rest of the analysis, type and form will be ceteris paribus
held constant.
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tions linked by workflow stand in exchange relationships and have to form a communication
network to fulfil the tasks of the work process (Kosiol 1962). If positions are not instructed
with rules for how to cooperate, they are offered a high degree of autonomy of decision mak-
ing for how to design the communication and exchange processes with other positions, or
whether to communicate and exchange at all. However, according to Luthans (2005, p. 335)
“horizontal communication is required to make coordinated, cross-functional effort in achiev-
ing organizational goals”. Thus, apart from fulfilling their tasks determined by their intra-
actional program, individuals also have to make sure that the process is continued in such a
way that overarching goals are achieved.

By standardizing interactional instructions, positions receive stable and durable rules for joint
activities (Remer 2004). According to van de Ven & Ferry (1980), coordination of work flows
across organizational boundaries can be achieved by e.g. standardizing language, establishing
rules for coordination, policies, procedures, and monitoring the effectiveness by periodic
memos, reports, and computerized information systems. Hence, standardization of interac-
tional programming seems to be an instrument which can also be applied in an inter-
organizational context, to achieve a certain degree of stability.

Formalization of interactional programming refers to the extent to which instructions on co-
operative activities have to be followed by the entire system and include penalties for non-
compliance (Remer 2004)). It provides the individuals working in a system with certainty re-
garding the expectations they have to consider in their decision making (Remer 2005).
Thereby, uncertainty for the individual is reduced and the level of aspiration is easier to attain,
as all relevant information is available. Consequently, a certain level of formalization may
foster the avoidance of errors. Therewith, all three remaining characteristics seem to be of
high relevance for inter-organizational programming and seem to provide starting points for
the explanation of varying performance at interfaces in supply chains. The resulting range of
combinatorial possibilities to describe and modify organizational structures of interfaces’ is
illustrated in Figure 21.

" For the sake of brevity, in the following it will be referred to interface structure.
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Figure 21: Remaining combinatorial options to describe structures of interfaces
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As can be seen, the amount and complexity of possible combination for the description of in-
terface structures is considerably reduced. The question is now, how these aspects of interface
structure can be causally related to the occurrence of disruptions. However, due to the process
character of disruptions, first of all, the question has to be answered, which part of the disrup-
tion has to be causally explained.

As has already been noted in section 3.3.3, the framework by Remer offers many starting
points for the description of interface structure and deviations from operational planning, yet
does not allow for a causal connection of these two parts of the management system, as it is a
descriptive framework. Nevertheless, it helps to classify deviations from operational planning
based on empirical data on disruptions and helps therefore to differentiate between different
kinds of disruptions and to assess the relevancy of specific types of disruptions. However, it
only helps to classify the observable part of the disruption, namely the deviation from opera-
tional planning. The first part, namely the error, is not reflected by the description. Neverthe-
less, since the occurrence of an error marks the point where a potential disruption becomes a
latent disruption (see section 2.2.3), the connection between errors and resulting deviations
will be regarded in the following as a black box. The research question can therewith be fur-
ther concretized to:

How does the interactional programming of positions at interfaces affect the suscep-
tibility of supply chains to disruptions?
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In the following, the objective is to deduce hypotheses on the assumed causal relations be-
tween configuration of interactional programming and errors.

3.4.2  Impacts of the Interface Structure on Operational Performance

The purpose of this section is to focus in more detail on potential effects of interactional pro-
gramming of positions at interfaces on the susceptibility of food supply chains to disruptions.
Thereby, different manifestations of degree, standardization and formalization and their com-
ponents shall be juxtaposed to illustrate different design options and potential consequences
for the achievement of operational plans. According to Bortz & Doéring (1995), the formula-
tion of so-called unspecific hypotheses without indication of direction of effect and size of
effect is common to exploratory research, where no previous findings can be used as a basis.
As previous research in this field is still scarce, the development of directed hypotheses can-
not be reasoned based on prior findings, wherefore unspecific hypotheses will be developed.
Thereby, the null-hypothesis is the counterstatement to the hypothesis to be analyzed, as the
truth can only be approached by falsification of wrong hypotheses (Popper 1973). For a better
differentiation, these unspecific hypotheses will be called propositions, to distinguish them
from hypotheses deduced after empirical validation.

Impacts of Degree of Interactional Programming on Operational Performance

Consistent with Remer’s distinction of physical forwarding and information exchange, in
supply chains, the physical flow of goods is accompanied by a physical flow of information,
which comprises basically shipping documents and other logistics-related information (Ruiz-
Garcia, Steinberger & Rothmund 2010). Apart from this physical flow, supply chain partners
have to exchange information regarding the handover of shipments and property rights. Con-
sidering that a key aspect of supply chains is the temporal-spatial change of availability of
products, and the numbers of transaction effected by both companies, these handovers take
place in a dynamic transaction environment. Furthermore, at interfaces, employees normally
have more autonomy due to the lack of control by a joint superior governance position (see
section 3.3.1). Additionally, diverging interests, and different norms and culture in each com-
pany stamp the individuals (Kieser & Walgenbach 2007) and make coordination more exigent
than within one company. Thus, the complexity of coordination and thereby of decision mak-
ing for each employee increases, if the transaction partners do not specify how exchange
processes at the interface shall be executed.

Following the assumptions of decision theory, individuals have limited cognitive capacities
and tend to make decisions based on pattern recognition instead of consideration of all avail-
able information, if the information becomes too complex. Non-availability of instructions on
how to execute a task can have according to Hackman (1970) two consequences for the per-
formance of the individual. Either, its effectiveness increases as the decision freedom is en-
couraging to take over responsibility and matches its abilities. Or, the lack of instructions is
threatening and the individual will seek an escape from executing the task. In such a case, the
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individual might do the work in the process it is supposed to do (i.e. its intra-actional pro-
gram), and go on to the next task without interacting with the next individual in the process to
avoid a situation which it feels unable to handle. This could explain for instance an observa-
tion by Nunes, Emond & Brecht (2006), who report that containers with perishables are stand-
ing during hours on a hot apron before being transferred to the airplane. A third option would
be that the individual will try the same methods of interaction which it applied successfully in
other transactions (i.e. pattern recognition). However, whether this approach is successful de-
pends on many factors, ranging from interface structures of the companies involved, cultural
backgrounds (Luthans 2005), as well as cognitive capacities of the interaction partner (Remer
1982).

The opposed case would be an unlimited interactional programming of positions, which
would tell the individual precisely and in detail, how it should interact with other individuals
at interfaces. As Hackman (1970) asserts, very detailed instructions should lead to more uni-
form performance across individuals, as they leave less room for interpretation. This is also
supported by Remer (1982), who states that instructions issued by the formal organization
may lead to a reduction of the psychologically burdening complexity. However, he also sees
limits to the usefulness of extensive instructions by acknowledging that in complex and dy-
namic environments, they may lead to “dysfunctional consequences” (Remer 1982, p. 266). In
such a case, individuals might be confronted with conflicting goals, if the instructions do not
fit other parameters of the transaction. Satisficing behaviour could then favour complying
with the precise instructions for interaction, instead of interpreting them in such a way that the
process plans are met. Consequently, the individuals would do what they were instructed to
do, leading in this case to unintended deviations from the process plans.

Additionally, the time required to fix such agreements between supply chain partners may
outweigh the benefits. Furthermore, transaction cost theory and Remer (1989) acknowledge
that agreements can never be exhaustive. From the perspective of the individual, a high de-
gree of interactional programming can reduce job satisfaction and performance, if the individ-
ual cannot participate in the decision making, but has only an execution function (Luthans
2005). Thus, a relationship between the degree of interactional programming and the prob-
ability of errors and consequential deviations from operational planning can be assumed and
leads to the following proposition:

Proposition 1 If the degree of interactional programming changes, then the achievement
of operational planning does not change

The extensity of interactional programming of positions refers to the level of detail, with
which every cooperative task of positions are determined (Remer 2004). This can be for in-
stance the elaborated illustration of how agreement conflicts have to be solved (Remer 1989).
In a food supply chain, this could be the detailed description of transfer proceedings for a
shipment between agents.
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By enhancing the level of detail of information, the amount of information, which is under-
stood as the number of facts/figures with their meaningful connection (Hoffmann 1980), is
increased. According to decision theory in turn, with information in abundance, the individual
places a cost on information seeking and stops its search once a level considered to be satis-
factory is reached (Simon 1979). It might thus tend to execute the tasks at hand “as usual” in-
stead of considering carefully the instructions for the transfer of the specific batch. This would
be a typical case of automatic unconscious action as named in psychology (e.g. Hofmann &
Frese 2011). Nevertheless, without information on what the individual is expected to do, the
complexity of the situation and uncertainty again increases, which may in turn lead to more
erTors.

Proposition 1.1 If the level of detail of interactional programming changes,
then the achievement of operational planning does not
change

Regarding the intensity of programming, this refers to the preciseness of instructions for the
cooperation work of positions. An example by Remer (1989) is the exact explanation of
agreement procedures for the cooperation of divisions. An example for interfaces in food sup-
ply chains could be the exact statement of type of documents (e.g. Bill of Lading, BOL) to be
exchanged upon transferring a box of bananas. Therewith, supply chain partners could check
more easily, whether all documents required are provided, which would reduce the probability
of e.g. import refusals or delays at transition points.

Nevertheless, if the preciseness of interactional programming is very high, individuals do not
have any flexibility to react to unforeseen obstacles. If for example the two parties agreed
upon that any information exchange has to be made in writing (e.g. due to liability reasons),
but there is an event which would require urgent reaction from the partner, such agreements
might impede quick information exchange. Assuming satisficing behaviour, the individual
would then solve the conflict by prioritization of goals, preferring the “learned” solution in-
stead of seeking new solutions. In consequence, the coordination might be too slow to effec-
tively solve the problem. In the opposite case, if the preciseness of instructions is very low,
individuals may react more flexibly to unforeseen obstacles, but at the same time, there is
more room for interpretation of instructions. Considering that for interaction, at least two in-
dividuals have to receive and interpret the instructions (Hackman 1970), the potential for mis-
understandings rises. Since decision theory assumes that individuals are able to learn from
past experiences, at interfaces in food supply chains, where individuals of different companies
and even cultures interact (Canavari et al. 2010), interpretation of instructions may vary sig-
nificantly, whereby the probability of errors rises. Thus, whereas the kind of effect of precise-
ness of instructions may vary depending on circumstances, in general, the preciseness of in-
teractional programming seems to have an impact on the probability of disruptions.

With the same logic, potential effects of for example temporal interactional programming of
positions can be reasoned. Remer (1989, p. 44) calls temporal programming the “points in
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time of work cooperation”. These points in time are not necessarily absolute time specifica-
tions, but general ones, such as weekly recurring cooperation times or with reference to dead-
lines. One example for the latter case in supply chains is the so-called 24 hour rule by the US
Customs and Border Protection. This rule demands for the submission of information on all
cargo on a ship calling in US ports 24 hours prior to loading in a foreign port (Bichou et al.
2007). Without receiving these instructions, individuals might ignore the rule if shipments to
the US are rare, which could consequently lead to disruptions at customs clearance. However,
if in a special case there is an exception of this rule, individuals with satisficing behaviour
may not pay attention to specific instructions, which could cause disruptions somewhere else
in the supply chain. Proctor & van Zandt (2008) differentiate between the former and the lat-
ter kind of error by referring to the first as error by omission, and to the latter as error of
commission.”" In consequence, the following proposition can be deduced:

Proposition 1.2 If the preciseness of interactional programming changes,
then the achievement of operational planning does not
change

Thus, as depicted above, even though the general link between the degree of interactional
programming of positions and the probability of deviations from operational planning seems
to be existent, no general assumption can be made regarding whether a high degree or a low
degree increases the probability of errors. Rather, the direction of effect may differ depending
on the initial value of instructions, and depending on the decision making situation. Further-
more, as the degree of interactional programming is a combination of two elements, which in
turn also may have different manifestations from low to high, a multitude of potential combi-
nations result, as depicted in Figure 22.7

71 L . . . . P
An error of omission is when "the operator fails to perform a required action”. An error of commission in

turn is when “an action is performed, but is inappropriate” Proctor & van Zandt (2008, p. 60).

The choice of low, middle, and high manifestations has been chosen for easiness of illustration, more cor-
rectly would be the indication of continua since both variables can in principle have continuous manifesta-
tions.

72
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Figure 22: Potential effects of preciseness and level of detail on errors
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Impacts of Standardization of Interactional Programming on Operational Performance

An example by Remer (2004) for a highly standardized programming of positions is a con-
struction plant, where the attempt is to keep the instructions of all roles constant in the long
run, so that the personnel is able to adapt to the requirements to assure smooth operations. For
the cooperative work of positions in food supply chains, a high level of standardization could
imply that every position is instructed in the same way, no matter if the transaction occurs in-
bound or outbound, for deep frozen or chilled products, and is maintained for a long period of
time. The advantages of standardization of activities have also been acknowledged in this
context, where private quality management standards are increasingly implemented, to assure
food quality and safety along the supply chain (Smith & Sparks 2004; Jaffee & Masakure
2005; Trienekens & Zuurbier 2008).

Thereby, individuals could on the one hand be supported in reaching via their decisions the
previously defined aspiration level. This is also affirmed by van de Ven & Ferry (1980), who
state that by repetitive following these rules, they are absorbed by the individuals and become
an unconscious part of their work activities. On the other hand, a highly standardized interac-
tional programming would in case of conflicting goals presumably lead to errors. In such
cases, individuals potentially would not notice changing requirements as information seeking
would be very limited and recognized stimuli would lead to automated responses (i.e. pattern
recognition). If for example the coordination of forwarding some new and demanding prod-
ucts (e.g. hatching eggs) would be handled the same way as some staple and simple products
(e.g. potatoes), the probability that errors occur increases, which leads to the following propo-
sition:

Proposition 2 If the standardization of interactional programming changes, then the

achievement of operational planning does not change



Design of Interactions as Drivers for Supply Chain Vulnerability 137

As has been reasoned above, decision theory assumes that individuals stop to seek more in-
formation once an apparently satisfying solution is found, which might lead to diverging out-
comes from operational planning. However, decision theory further assumes that if the results
based on satisfying decision making do not attain the level of aspiration, individuals will seek
more information the next time and thus learn from errors in the past (Simon 1978b). Learn-
ing requires therefore that situations occur recurrently, which demands for durable instruc-
tions. At the same time, the level of attention might decrease with repetition, whereby new
information will not be considered during decision making, as based on familiar facts, a deci-
sion is taken which yielded satisfactory results in the past. Durability of interactional pro-
gramming in food supply chains is for instance limited by increasing automatic information
exchange for tracking and tracing (Smith & Sparks 2004; Abad et al. 2009; Bechini et al.
2008). By applying new technologies, instructions for information exchange thus might have
to be adapted on a regular basis, restricting therewith temporal stability.

Proposition 2.1 If the durability of interactional programming changes, then
the achievement of operational planning does not change

A high invariability of interactional programming might reduce the complexity of the deci-
sion making situation to a great extent, if the instructions for the individual apply to all kinds
of situations. However, due to the interaction with different transaction partners, fixing in-
structions without exceptions might not be feasible, if both parties have to agree upon them.
Furthermore, depending on differences in products, operations, etc., invariable instructions
might lead to conflicting goals, whereby the probability of errors would again be increased.

If instructions in turn are highly variable, the decision making situation becomes again more
complex, as the individual has to choose which instructions to apply given the situation. At
the same time, higher variability of instructions might be favourable for the product quality,
as decisions on how to handle the product could be based on the status of the products re-
ceived. An example for such a variable handling of products is the First-Expired-First-Out
(FEFO) procedure used for perishable food products, which requires a technological basis on
which such decisions can be taken (van der Vorst et al. 2007). Hence, on the one hand, the
decision making situation would become more complex, as not every product is handled iden-
tically, but at the same time, more precise information would become available to guide the
individual in its decision making. Therewith, it would be possible to reduce errors and devia-
tions of desired product quality by enhancing variability of procedures. Based on these expla-
nations, the following proposition can be deduced:

Proposition 2.2 If the invariability of interactional programming changes,
then the achievement of operational planning does not
change
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As already indicated for the degree of programming, also durability and invariability cannot
be completely separated from one another and their configuration depends on the situation
and ranges on a continuum of potential manifestations (Remer 2005).

Figure 23: Potential effects of durability and invariability on errors
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Impacts of Formalization of Interactional Programming on Operational Performance

For the inter-organizational context van de Ven & Ferry (1980, p. 303) define formalization
as “the degree to which rules, policies, and procedures govern the role behaviour and activi-
ties of organizations [...J”. Thereby, “rules” and “policies” already imply a notion of rigidity,
wherefore here, the term “procedures” is favoured. While therewith complexity of decision
making is reduced, at the same time, decisions might be legitimated, which were not optimal
regarding the achievement of the desired outcome (Remer 1989). If for instance in a truck
there is still space available for a batch of perishable food, which is already in a critical condi-
tion but could thereby arrive at its destination still fit for consumption, the instruction that
every batch has to wait for the previously assigned truck would foster food quality disruptions.
Formalization can therewith also provide incentives, which are only positive in certain situa-
tions.

Proposition 3 If the formalization of interactional programming changes, then the
achievement of operational planning does not change

Formalization of rules refers firstly to the range of addressees of rules (Remer 2005). If every
individual involved in a transaction has to obey to the same instructions regarding its coopera-
tion with individuals from the other company, the range of addressees of interactional pro-
gramming is high. With an increasing range of addressees, uncertainty regarding the behav-
iour of cooperation partners is reduced, which otherwise endangers rational decision making
(Simon 1979). Every person would know that the other one is instructed in the same way and
could therewith make decisions more easily. This is especially important in international sup-
ply chains, where communication may be difficult due to cultural and linguistic barriers (Wa-
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ters 2009). Furthermore, the range of addressees may also be expanded to sub-contractors of
transaction partners, if the physical transport is fully or partly outsourced. Prior research in
food supply chains indicates the extension of the socio-spatial validity of procedures to sub-
contractors, as these companies have to meet much higher requirements for outsourcing com-
pared to other industries (van Hoek 1999). If in turn only one of the two parties at the inter-
face has to obey to the instructions, misunderstandings might increase the probability of errors.
At the same time, a high range of addressees may also hinder the appropriateness or precise-
ness of procedures, as not necessarily the interaction of all positions is identical.

Proposition 3.1 If the range of addressees of interactional programming
changes, then the achievement of operational planning does
not change

The second aspect of formalization is the rigidity of rules. Diverging behaviour from strictly
formalized rules could thus endanger the participation in the system and hence lead to expul-
sion (Remer 2005). Following the logic of decision theory, the individual would attempt to
obey its interactional instructions to a higher degree, if non-compliance is linked to penalties.
In complex situations where the correct decision might not be clear from the beginning, the
individual would thus seek more information, as the aspiration level or gains from making the
right decision is higher. If in turn no penalties are linked to non-compliant behaviour, the in-
dividual might have a lower aspiration level, which would increase the probability of making
decisions deviating from operational planning. However, individuals with satisficing behav-
iour could also use the rigidity of rules as an excuse for deviations from operational planning
in the case of conflicting goals. These considerations lead to the following proposition:

Proposition 3.2 If the rigidity of interactional programming changes, then
the achievement of operational planning does not change

In the case of formalization of interactional programming, decision theory suggests that a
higher formalization leads to a lower probability of disruptions. However, not all instructions
do necessarily require the same extent of formalization, as some instructions might be critical
to the realization of the planned outcome (i.e. must-be instructions), while others might have
lower priorities (i.e. should-be instructions). Nor do all interface designs necessarily require
the same degree of rigidity and range of addressees. As in the case of degree and standardiza-
tion of interactional programming, many combinatorial possibilities exist, as shown in Figure
24.
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Figure 24: Potential effects of range of addressees and rigidity on errors
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In conclusion of the options for programming cooperation work, it has been shown that firstly,
selecting different manifestations of the characteristics may have different effects on the oc-
currence of errors. Secondly, every characteristic discussed above can affect the probability of
errors, which also implies that the interface structure as result of a purposeful combination of
characteristics of interactional programming in general may affect the probability of errors.
Thirdly, the effect of manifestations of the elements may furthermore depend on the transac-
tion parameters. Fourthly, for every characteristic, a variety of design options exist. The ques-
tion is thus, how the combination of different manifestations affects the probability of errors.
To answer this question would in principle require analyzing every possible combination for
both elements of degree, standardization, and formalization of interactional programming re-
spectively. The resulting variety, if only the manifestations low, middle, and high of the three
characteristics and their respective two components are considered, is shown in Figure 25.
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Figure 25: Effect of degree, standardization, and formalization on disruptions
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The illustration above shows how diverse interactional programming can be theoretically de-
signed, even without consideration of #ype and form of interactional programming. By only
considering three main classes of manifestations, the complexity is already substantially re-
duced, as transitions of manifestations can in principle be infinite. Nevertheless, in organiza-
tional literature, the level of abstraction is in general higher (Remer 2005), as otherwise com-
parison and analysis of different design options results in less pronounced results. Reflecting
the explanations of how decisions by individuals may be influenced, it becomes apparent that
these decisions and the attainment of desired outcomes might not only be dependent on the
equipment with instructions, but may also depend for instance on product specifications,
equipment, or whether supply chain partners are from the same region. According to March &
Simon (1958), a large disparity between the aspiration level and the achievements is fre-
quently due to a sudden shift in the organizational environment, for example caused by a re-
cession. Therewith, the transaction environment requires further analysis regarding potential
direct impacts on decision making and the susceptibility of supply chains to disruptions. This
will be discussed in the following section.

3.4.3  Impact of the Transaction Type on Operational Performance

As has been illustrated in section 3.3.3, the variety of variables to describe interface structures
is at least theoretically extremely large, which results in a complex array of potential combi-
nations. However, with an increasing level of detailed separations, the ability to deduce gen-
eral hypotheses on causal relations decreases (Chmielewicz 1979). The same holds true for
the type of transaction, as there is at least theoretically an unlimited number of variables to be
considered, which in combination yield a complex array of possible transaction types. Previ-
ous research regarding the impact of relationship management on performance in supply
chains indicates that identifying relevant dimensions of relations is highly problematic (Wild-
ing & Humphries 2006). At the same time, Williamson 1979 identified uncertainty, frequency
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and specificity of transactions to be critical dimensions, which also found considerable sup-
port in the literature.”® Therefore, transactions will here be characterized by the most impor-
tant attributes identified by transaction cost theory, namely specificity, uncertainty, and fre-
quency.

From a theoretic point of view, typical constellations of transaction dimensions can be identi-
fied by considering two anti-poles of production, namely hierarchical production and market
production. According to transaction cost theory, a market transaction is chosen, if uncertainty,
specificity, and frequency are low (Williamson 1971). In such a case, market mechanisms are
sufficient to control that the outcome of transactions meets the expectations. Hierarchical pro-
duction in turn is chosen, if a market transaction would involve high uncertainty, high speci-
ficity, and high frequency (Williamson 1985). In such a case, the risks associated with the
transaction would outweigh the costs of company-internal production. However, as company-
internal transactions are not considered in this thesis, this would imply that only the low type
of transaction would be prevalent. Furthermore, as high uncertainty and high specificity make
transactions more complicated due to difficulties in planning and control as assumed by trans-
action cost theory, while higher frequency reduces these problems, different effect directions
are assumed. Therefore, each variable will be regarded individually. Thereby, the decision
making situation of the individual is specified in such a way that general causal hypotheses
can be deduced. However, the decision making of individuals is normally not only dependent
on these situational factors, but also on others, as for instance personal ones (see section 3.2.3).
In order to be able to derive hypotheses nevertheless, all other factors are therefore assumed
to remain constant. For example, the individuals making the decision are assumed to be the
same in all cases, having therewith a fixed amount of cognitive capacities.

Impacts of Uncertainty of Transaction on Operational Performance

In principle, March & Simon (1958) distinguish three cases for decision making: firstly, the
case of certainty, where the individual has complete and accurate knowledge on the conse-
quences of each alternative. Secondly, in the case of risk the individual knows at least the
probability distribution of consequences for each alternative. And thirdly, in the case of un-
certainty, the decision maker cannot assign probabilities to the occurrence of a specific con-
sequence of each alternative, as multiple possible consequences exist and their probability dis-
tribution is unknown.” In other words, the link between the decision and its consequence is
weak or perturbed by other influencing factors so that the causal relationship between deci-
sion and consequence cannot be adequately determined and quantified. The decision maker
would thus have two options, either taking a decision without being able to control his hy-
potheses (see Figure 16), or searching for more information to make better prognoses on the

7 E.g. Hobbs (1996); van der Vorst & Beulens (2002); Artz (1999); Ahmed & Sahinidis (1998); Loader
(1997); Ben-Ner, Kong & Lluis (2011).
™ See also e.g. Gétze (2006); Eisenfiihr & Weber (2010); Dreyer (1975).
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probability distributions. However, how might uncertainty of transactions affect the decision
making of individuals and therewith operational performance?

In transactions, where a high amount of uncertainty, e.g. regarding the behaviour of the part-
ner or the fluctuations in transaction volumes exists, the assessment of decisions and their po-
tential consequences requires more information processing abilities than if uncertainty is low.
However, since a disruption is defined as an unexpected event, the case of purposeful devia-
tions from operational planning will not be considered, as in such cases, at least one of the
parties (i.e. the deviating party) knows that there will be a deviation from the process plan.
Furthermore, as for instance Heide & John (1992) remark, transactions are normally embed-
ded in social structures, where opportunism is rather the exception than the norm. In conse-
quence, only uncertainty as a lack of information on production and transaction parameters
will be considered.

In general, the probability of wrong decision making seems thus to be higher, when uncer-
tainty is high, since the willingness to search for more information is according to decision
theory restricted. The assumption of satisficing behaviour means that the individual will only
search for more information as long as the marginal improvement possible by searching is
higher than or equal to the marginal costs of information seeking (March & Simon 1958).
However, under uncertainty, there exist numerous alternatives for decision making, but the
consequences remain unclear. This implies that even if the decision maker searches for more
information, the marginal improvement possible is low as the overall amount of information
required which would allow to take decisions under risk (see above) is too large.

In order to reduce the complexity of its task to come to a decision, the individual has to reduce
the level of detail with which it regards the problem and to focus on more abstract structures
of the task, hence making decisions based on pattern recognition (Simon). Thus, in the face of
uncertainty in a transaction, the individuals who should coordinate the transaction process are
likely to apply methods which have been successful in the past without knowing whether it
might be the appropriate action in the new situation and with this interaction partner.

If individuals are recurrently exposed to decision making situations, where their ability to
handle the complexity is exceeded, they lose motivation, become exasperated and will not try
to produce optimal decisions any more (Hill, Fehlbaum & Ulrich 1994). Additionally, as at
interfaces their performance cannot be unambiguously evaluated due to lower supervision
(see section 3.3.1), the incentives to invest in information seeking and production of optimal
decisions is reduced. In consequence, the probability of errors is increased firstly, by limited
cognitive capacities, and secondly, by lacking incentives.

At the same time, less predictability may also be favourable, to enhance attention paid to each
shipment. Especially for non-staple foods, fluctuations in demand and shipping may be larger,
due to seasonality of supply and consumer habits (Drewry Shipping Consultants 1990). In
particular, perishability of products creates uncertainty for the buyer regarding availability
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and quality (Georgiadis, Vlachos & lakovou 2005). In such situations, the aspiration level
may be higher, as quality of products is more variable wherefore products require more thor-
ough inspections and care during handling. In either way, it seems likely that uncertainty of
transactions has an impact on the achievement of process plans, wherefore the following
proposition is stipulated:

Proposition 4 If uncertainty of transaction changes, then the achievement of operational
planning does not change

Similarly to the variables of interface structure, the variables characterizing the type of trans-
action may also take different manifestations on a range from low to high. In this case how-
ever, constructs are not the result of two variables, wherefore there is only one dimension to
consider. Figure 26 illustrates the potential influence by uncertainty on the achievement of
operational plans.

Figure 26: Effect of uncertainty of transaction on the achievement of operational planning
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Impacts of Frequency of Transaction on Operational Performance

According to transaction cost theory, frequency is relevant in two aspects, namely regarding
set up costs and reputation effects (Williamson 2008). The costs of preparing and executing a
transaction decrease with increasing frequency of transaction (Williamson 1990), which Wil-
liamson (1979) differentiates into once, occasional, and recurrent. However, how might fre-
quency of transactions affect the decision making of individuals and therewith operational
performance?

Frequent transactions would thereby help individuals to learn from past decisions regarding
their ability to achieve the aspiration level. An individual can hereby for instance integrate
feedback on whether the information provided has been understood correctly by its interaction
partner into the repeated provision of information. This is also supported by Kosiol (1971),
who states that more intensive interactions are in general associated with less information
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losses caused by different levels of cognitive abilities. Even more, in established cooperation,
the relationship can also be modified and changed, by incremental mutual adaptation proc-
esses (van de Ven & Ferry 1980).

Consequently, individuals could refine their decisions for how to execute future interactions
with other individuals at the same interface. According to Hill, Fehlbaum & Ulrich (1994)
combining and re-combining procedures which the individuals have already learned, their de-
cision making is then narrowed down to selecting the optimal program (i.e. routinization of
tasks) instead of developing new solutions starting from zero (i.e. problem solving).
Therewith, uncertainty in individual decision making would be reduced by higher frequency
through limiting the number of decision options. If transactions in turn are infrequent, execu-
tion of tasks becomes less routinized, as the retrieval of information on how to handle a spe-
cific exchange process may be perturbed by other information obtained in the meantime.
Thereby, the probability of errors might become higher.

At the same time, individuals might pay more attention to a specific exchange if it is occur-
ring less frequent, for instance due to seasonality of the product (see above). In such cases, the

probability of errors of omission might be reduced as the level of arousal is higher. In either
way, the following proposition can be deduced:

Proposition S If transaction frequency changes, then the achievement of operational
planning does not change

Figure 27: Effect of frequency on the achievement of operational planning
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Impacts of Specificity of Transaction on Operational Performance

According to Williamson (1979), the more partner-specific assets are employed, the higher is
the dependency on this partner. He sees therefore this variable also as the primary driver of
different governance structures of transactions. Specificity refers thereby to the need to make
transaction-specific investments, being it in e.g. humans, physical infrastructure, or brand
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name and is a sign of bilateral dependency (Williamson 2008) as a termination of the relation-
ship would result in sunk costs (Heide & John 1992). Williamson (1979, p. 239) further ex-
plains “items that are unspecialized among users pose few hazards, since buyers in these cir-
cumstances can easily turn to alternative sources, and suppliers can sell output intended for
one order to other buyers without difficulty”. Hence, specificity of transactions can lead to
higher sunk costs, as the second best option for investments taken generates either far less
utility, or there is no second best option at all. However, what kind of effect can specificity of
transactions inflict on the decision making of individuals and therewith on operational per-
formance?

On the one hand, the presence of asset specificity and risk of sunk costs may encourage em-
ployees to more careful execution of their work and interaction programs, to avoid reprehen-
sions or penalties. The risk of losing the transaction partner might also lead to a more thor-
ough monitoring of employees by the company, rising awareness of risks associated with non-
compliance. Hence, the aspiration level might be higher and spending more efforts on execut-
ing tasks correctly seems to be rational. Even more, such specific investments might also be
targeting employees directly, by investments into training and qualification of the transaction
partner (Subramani & Venkatraman 2003). In such cases, the probability of errors might be
reduced by increasing the levels of aspiration and the ability of employees to deal with re-
quirements.

On the other hand however, dealing with new requirements and using specialized equipment
might also foster the occurrence of errors, especially in the learning phase. Employees might
try to use learned procedures to deal with new challenges, due to erroneously recognizing pat-
terns and applying learned solutions to new problems. Furthermore, such new stimuli might
involve a higher amount of problem-solving tasks instead of routinized tasks, increasing the
complexity of decision making. Therewith, specificity of transactions might also lead to more

€ITOr1S.

Proposition 6 If specificity changes, then the achievement of operational planning does
not change
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Figure 28: Effect of asset specificity on the achievement of operational planning

Disruptions
[ e EEEEEEmEmmmm——— 1
: Objects of operational planning :
i o ‘@(\0 d i
! 5 o & P [
i & & s i
& & &
H ¥ Q@Q < Q&°° H
1 I
I b I
-g —| = 1
i E I
5 ) ol g & 1
m a, Immaterial - g Al 1
= 2lE| B8 !
1 = ElE|F 1
i 8 | € i
I S =| 2 !
I 5 g1< ]
! ) & I
I 15 $ !
: s Material SN :
a g
Low Middle High : 3 CFS
- L S
Specificity ! Nl

In summary, for each of the three characteristics of the transaction type considered, an effect
on the probability of errors can theoretically be reasoned. Each of the variables may thereby
take different manifestations, ranging on a continuum between low and high. Altogether, the
transaction type can be configured along three axes, resulting in an unlimited number of con-
figurations. A reduction of this complexity can again be achieved, by considering only low,
middle, and high manifestations of the three dimensions.

Even though transaction cost theory does not focus on the effects of how types of transactions
may affect the probability of errors in the exchange processes, such effects seem to be prob-
able given the considerations above. Hence, whereas decisions on with whom and how to col-
laborate may be taken on higher hierarchical levels, these decisions may have an influence on
the executing levels as well. Figure 29 subsumes the hitherto developed propositions on how
operational plans may be influenced by transaction types and interface structures.

The illustrated complexity of the object of analysis is already one potential reason, why little
empirical research has been found on causes of disruptions in supply chains (see section 2.5).
Even more, with interface structure and transaction type, only two potential determinants of
the occurrence of disruptions have been considered, whereby many other determinants might
be left to explore. However, as the purpose of this thesis is to analyze the impact of the inter-
face design on the susceptibility to disruptions, the effects of transaction type on interface
structure still have to be considered, to explain the choice of a given interface structure by
transaction partners. Thereby, the causal model will be completed for the subsequent empiri-
cal analysis. The completion and transformation of the causal model is subject to section 3.5.
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Figure 29: Hypothesized effects of interface structure and transaction type on disruptions
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3.5 Consolidation of Causal Assumptions into one Causal Model
3.5.1 Impacts of Transaction Type on the Interface Design

As has been elaborated in section 3.3.1, the interface structure does not take its form by coin-
cidence, but is configured under the considerations of constraints, what has been termed as
interface design. In the case of interfaces, transaction cost theory assumes that the transaction
environment has a considerable influence on how exchange processes are governed. Hence,
apart from direct effects of the transaction type on the occurrence of disruptions, it is further-
more assumed that the transaction type inhibits direct effects on the interface structure. There-
fore, in the following, the hitherto developed propositions on effects of interface structure and
transaction type on the occurrence of disruptions will be complemented by interaction effects
between the components of the transaction type and the components of the interface structure.

In order to assess potential effects of transaction characteristics on the structure of interac-
tional programming, it is assumed that the contracting parties are autonomous at the outset.
This implies that whereas transaction cost theory suggests different contractual forms between
market and hierarchy (Williamson 1985), for the purpose of this thesis, only transactions be-
tween two legally independent supply chain partners will be considered. In the following, the
potential effect of different values of characteristics of transactions on interactional program-
ming will be analyzed.

Impacts of Uncertainty of Transactions on Interface Design

Uncertainty in the context of transaction cost theory refers on the one hand to the behaviour of
the transaction partner, and whether he can and is willing to comply with the agreed-upon
contract (Williamson 1990). On the other hand, it refers to the lack of information regarding
production and transaction parameters (Williamson 1971).

Uncertainty in supply chains depends on many variables, such as volatility in supply, process-
ing, or demand, and interdependence with other processes (e.g. Ben-Ner, Kong & Lluis 2011;
Ho, Chi & Tai 2005; van de Ven & Ferry 1980). In line with these variables,van der Vorst &
Beulens (2002) stress the susceptibility of food supply chains to uncertainty, due to the per-
ishable nature of the end product, variable harvest and production yields, as well as the impact
of weather conditions on consumer demand. According to the authors, such volatile condi-
tions demand for more flexible contractual agreements, to allow for consideration of contin-
gent factors. Simultaneously, the requirements posed on employees are also higher, as they
need to be more flexible in decision making.

However, with regard to the ability of transaction partners to give clear instructions to their
employees under high uncertainty, some restrictions become obvious. For such a situation,
Williamson (1971, p. 120) states that “in the face of a highly variable and uncertain environ-
ment, the attempt to program responses is apt to be inefficient.” This has been confirmed em-
pirically for firm internal uncertainty by Ben-Ner, Kong & Lluis (2011) who observed that
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high uncertainty in terms of non-routine tasks, complexity of tasks, and variability of tasks
increases delegation of decision making to individuals. Fixing precise and detailed instruc-
tions for how to interact with other positions across companies could thereby also lead to the
shortfall of objectives, if transaction-specific information is lacking upon agreeing on the
transaction. Especially for long-term contracts, a high degree of programming is not always
feasible, as future contingencies cannot be reasonably determined in advance, nor are the
means for problem solving always clear before the situation materializes (Williamson 1981).
In consequence, in transactions where uncertainty prevails, the probability of erroneous pro-
gramming increases.

If uncertainty is low, then positions can be programmed to a higher extent, as more reliable
information on the transaction is available. In such a situation, Williamson (1971, p. 120)
states that “coordination could proceed by contract”, as the conditions could be exhaustively
described. However, whereas such controlled situations might be found in e.g. bureaucratic
organizations and factory plants (Remer 1982), it seems unlikely that they exist in food sup-
ply chains, due to the already mentioned characteristics. Nevertheless, if certainty cannot be
achieved, at least uncertainty could be low, wherefore more precise and detailed agreements
could be possible.

In consideration of the argumentation above, it seems as there is a dilemma for companies
facing uncertainty in transactions, with on the one hand the need for programming, but on the
other hand the inability to do so correctly. This dilemma is one of the reasons, why vertical
integration is favoured compared to market transactions under uncertainty (Hobbs 1996). The
question arises, whether the same causal relations can be assumed for standardization and
formalization of interactional programming. Considering that according to Remer (2005),
both characteristics concern the generalization and stabilization of instructions, high stan-
dardization and formalization of programming seem to conflict with high uncertainty in trans-
actions, which according to Williamson (1971) require adaptive coordination. Hence, the sta-
bilizing function of standardization and formalization would under high uncertainty lead to
mismatches between instructions, constraints, and the organizational goals, which represents
according to Hill, Fehlbaum & Ulrich (1994) the classical organizational problem.

This is also consistent with findings in empirical studies, where in case that the instructions
did not match the requirements of the situation, either the compliance with them led to ineffi-
ciencies, or the decision makers deviated consciously from the instructions (Gross 1953). In
consequence, it can be assumed that transaction partners will consider the degree of uncer-
tainty during the design of interfaces and adapt the inter-actional programming respectively,
which can be hypothesized as:

Proposition 7 If uncertainty of transactions changes, then the degree of interactional
programming does not change
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Proposition 7.1 If uncertainty of transactions changes, then the level of de-
tail of interactional programming does not change

Proposition 7.2 If uncertainty of transactions changes, then preciseness of
interactional programming does not change

Proposition 8 If uncertainty of transactions changes, then standardization of interac-
tional programming does not change

Proposition 8.1 If uncertainty of transactions changes, then durability of in-
teractional programming does not change

Proposition 8.2 If uncertainty of transactions changes, then invariability of
interactional programming does not change

Proposition 9 If uncertainty of transactions changes, then formalization of interactional
programming does not change

Proposition 9.1 If uncertainty of transactions changes, then the range of ad-
dressees of interactional programming does not change

Proposition 9.2 If uncertainty of transactions changes, then rigidity of inter-
actional programming does not change

In consequence of the discussion above, optimal interface design seems to be challenging, as
companies would have to design the interface structure in an area of conflict between inter-
face goals and transaction-related restrictions. However, as already Remer (2005) points out,
the decisions on interface design do not have to be taken for all dimensions, directions, and
objects identically. Rather, general guidelines considering different scenarios could be pro-
vided, but authority regarding whether to comply with these guidelines could be assigned to
the decision maker. However, the costs associated with developing such general guidelines
also depend on the frequency of transaction, wherefore this aspect will be regarded in the fol-
lowing.

Impacts of Frequency of Transactions on Interface Design

According to Williamson (1979, p. 239), only recurring transactions support a highly special-
ized interface structure. In consequence, the costs of programming would decrease, as initial
set up costs can be distributed over more transactions.

Supply chain partners, who work together more often, would thus be able to formulate more
detailed and precise interactional instructions, since once established cooperation procedures
could be used repetitively at lower cost. Especially ex-ante transaction costs, such as search
costs and negotiation costs are reduced in repeated transactions with the same partner (Wil-
liamson 1985). A higher durability and socio-spatial validity of interactional programming
may then also justify investments into the infrastructure for interaction. For instance, the im-
plementation of information exchange systems to increase traceability in food chains is often
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observed when supply chain agents are frequent transaction partners (Smith & Sparks 2004).
These intentionally programmed instructions will be furthermore supported by behavioural
expectations formed regarding reciprocal rights and obligations (van de Ven & Ferry 1980).
However, over a longer period, repeated interaction reinforces cooperation (Lambert, Emmel-
hainz & Gardner 1996), whereby the relative importance of formalized programming of inter-
actions is likely to decline in favour of informal coordination of interaction. Additionally, the
advantage of long-term partnerships is dependent on the ability of both parties to adapt their
agreements flexibly in face of changing conditions (Heide & John 1992). Hence, in recurrent
transactions, standardized and formalized instructions of interactional programming are likely
to be used less, whereas the degree of programming might be higher.

In transactions where the frequency is low with everything else being equal, the costs of pre-
paring the transaction would then not justify the creation of highly specialized structures. If
companies would adjust the instructions given to their employees for every transaction, the
advantage of relative stability of interface structure would be lost. While employees working
at interfaces normally already possess a comparatively higher degree of autonomy (Riechey
2008), this autonomy would be increased even more as controlling their work would require
knowing exactly which instructions they follow for each transaction. In consequence, more
standardized and formalized instructions are likely to be prevalent. Furthermore, as with a
higher standardization of instructions, contextual parameters of the specific transaction cannot
be considered, it is likely that the degree of programming will be lower, especially regarding
preciseness of programming. Therefore, the following propositions can be deduced:

Proposition 10 If frequency of transactions changes, then the degree of interac-
tional programming does not change

Proposition 10.1 If frequency of transactions changes, then the level of detail
of interactional programming does not change

Proposition 10.2 If frequency of transactions changes, then preciseness of in-
teractional programming does not change

Proposition 11 If frequency of transactions changes, then standardization of inter-
actional programming does not change

Proposition 11.1 If frequency of transactions changes, then durability of in-
teractional programming does not change

Proposition 11.2 If frequency of transactions changes, then invariability of in-
teractional programming does not change

Proposition 12 If frequency of transactions changes, then formalization of interac-
tional programming does not change

Proposition 12.1 If frequency of transactions changes, then the range of ad-
dressees of interactional programming does not change
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Proposition 12.2 If frequency of transactions changes, then rigidity of interac-
tional programming does not change

The assumptions above only consider the frequency of transaction, regardless of what is trans-
ferred between them. Nevertheless, the ability to program, standardize, and formalize interac-
tions also depends on the variability of tasks associated with the transaction and therewith de-
pends on the content of transaction. Hence, in the following, the specificity of transaction will
be analyzed as the third parameter characterizing transactions.

Impacts of Specificity of Transactions on Interface Design

Transaction-specific investments imply that an adaptation of one company to the requirements
of another company takes place. In consequence, specificity will in general be higher, the
more dissimilar companies are and the more this transaction differs from the rest of transac-
tions a company executes.

In food supply chains, product specificity might be for instance the difference between a sta-
ple, which can be stored for a long time (e.g. rice) (Sharp & Timme 1986), and an exotic,
highly perishable product (e.g. fresh scallops) (Ashie et al. 1996). Whereas the dry good can
be stored and used for other purposes without great efforts, the perishable product needs to be
handled with great care and has to be sold as soon as possible, to avoid spoilage. Therefore, in
the second case, more careful planning is required to make sure that the product can be used
for its intended purpose. Dissimilarity in turn could be related to size (e.g. smallholder inter-
acting with a multi-national retailer), culture, or interface structure and has been frequently
regarded as a source of challenges in food supply chains (Fearne & Hughes 2000; Louw et al.
2007; Luning & Marcelis 2007).

As a consequence, for transactions with less routine and higher specificity, companies will be
willing to prepare the transaction to a greater extent and to write more complete agreements
(Williamson 2008). These may include more information regarding rights and responsibilities
as well as special agreements regarding penalties or behaviour in certain situations. Therefore,
whereas under specificity, the degree of programming and its formalization are assumed to be
higher, standardization is assumed to be less, as fewer procedures can be adopted from other
transactions.

If specificity is low, risks of sunk costs are reduced, wherefore the costs of preparing and con-
trolling a transaction can be reduced. In such cases, governance of transaction is reduced to
arm-length bargaining over price and quantity (Heide & John 1992). Standardized procedures
result in lower costs of preparation and control of interactions, whereas fewer instructions are
required. Formalization can be reduced as well, as routine transactions require less supervi-
sion of how employees handle the interaction. This leads to the deduction of the following
propositions:
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Proposition 13 If specificity of transactions changes, then the degree of interac-
tional programming does not change

Proposition 13.1 If specificity of transactions changes, then the level of detail
of interactional programming does not change

Proposition 13.2 If specificity of transactions changes, then preciseness of in-
teractional programming does not change

Proposition 14 If specificity of transactions changes, then standardization of inter-
actional programming does not change

Proposition 14.1 If specificity of transactions changes, then durability of in-
teractional programming does not change

Proposition 14.2 If specificity of transactions changes, then invariability of in-
teractional programming does not change

Proposition 15 If specificity of transactions changes, then formalization of interac-
tional programming does not change

Proposition 15.1 If specificity of transactions changes, then the range of ad-
dressees of interactional programming does not change

Proposition 15.2 If specificity of transactions changes, then rigidity of interac-
tional programming does not change

In the paragraphs above, potential impacts of uncertainty, frequency, and specificity of trans-
actions on the interface structure have been depicted. As a matter of course, other determi-
nants might also play an important role in the design of interfaces, such as technologies ap-
plied, socio-cultural background, or the industry regarded (Hill, Fehlbaum & Ulrich 1994).
Given the objective to empirically investigate these propositions, and the already complex na-
ture of the research object, first of all the hitherto developed propositions will be transformed
into a causal framework, before new determinants will be included eventually. To this pur-
pose, section 3.5.2 will outline methodological requirements, before the causal model can be
derived.

3.5.2  Methodological Considerations for the Empirical Analysis

The purpose of scientific research does not only consist in developing new hypotheses, but
also in the falsification of existing hypotheses to increase current scientific knowledge
(Chmielewicz 1979). Therefore, hypotheses have to be formulated in such a way that they can
fail in empirical research (Popper 1973). Consequently, social constructs, which cannot be
observed directly, but to which hypotheses refer to, require adequate indicators to become as-
certainable. However, the suitability of indicators depends on the choice of data collection
method, as well as on the choice of analytical procedure (Diekmann 2002). Only if indicators
can be observed with the selected data collection method, they can be used for hypotheses
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testing and falsification (Kromrey 2009). Therefore, in the following, first different methods
for data collection and analysis will be discussed, before indicators are specified.

Typical empirical methods in social sciences can be generally attributed to content analyses,
observations, and inquiries (Bortz & Doring 1995; Kromrey 2009). As the research interest in
social sciences is frequently concerned with complex and abstract constructs which cannot be
measured directly, procedures to obtain data normally consider more rich information, which
has to be processed afterwards (Diekmann 2002). Even though the measurement of disrup-
tions could be based on quantitative data e.g. temperature curves, manifestations of interface
designs could not be assessed by direct measurements because of the level of abstraction and
complexity. As for the data analysis already a statistical method which is able to handle such
information was identified, there is no need to base the analysis only on directly quantifiable
data. Hence, the typical methods of empirical social sciences seem to be more adequate and
shall consequently be briefly depicted and assessed.

The content analysis is a research technique, which allows drawing conclusions that can be
generalized beyond the data medium analyzed (Kromrey 2009). The information is stored in
mediums such as documents, which shall provide insights on the issues of interest based on a
systematic and objective analysis (Diekmann 2002). To the purpose of this thesis, content
analysis could be for example used to identify the interface design agreed upon in contracts
between transaction partners. However, a disadvantage would be that non-written agreements
would not be considered and only the desired structure assessed, not the actual structure. Ad-
ditionally, the amount of documents to be analyzed and the sensitivity of data mediums de-
crease the feasibility of content analysis considerably. This is supported by Kieser & Walgen-
bach (2007), who advise against content analysis for the identification of interface designs
due to a lack of expressiveness. In consequence, this technique is discarded for this thesis.

Another typical technique in social sciences is observation. According to Laatz (1993), ob-
servation in a strict sense is the collection of experiences in a non-communicative process
with the help of all possibilities of perception. In comparison to day-to-day observations how-
ever, scientific observation is more systematic, purpose oriented, and methodologically con-
trolled (Laatz 1993). Object of research are social processes, which change constantly during
observation (Kromrey 2009). In consequence, missed observations cannot be caught up on
later. Furthermore, as the research focus is on structures and processes in international supply
chains, this form of data gathering does not seem to be realizable firstly, because of potential
lack of cooperation by companies and secondly, because of the amount of observations re-
quired. Due to the lack of inter-subjective and inter-temporal validity of observations, as well
as its lack of feasibility in this research context, this procedure does not seem to be suitable
and is therefore also discarded.

The third typical technique is the survey method. It is the technique mostly used in empirical
social sciences and can be designed in many different ways, depending on the context (Bortz
& Doring 1995; Remer 2005). In principle, one can distinguish oral interviews and paper-and-
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pencil interviews, whereby the types of questions may range between completely open ques-
tions and closed questions (Diekmann 2002). Open questions are used more frequently in ex-
ploring phenomena, whereas closed questions are used more often to explain phenomena.
This form of empirical research is also favoured by Kieser & Walgenbach (2007) and Remer
(2005) for the measurement of interface designs, as herewith the range of possible indicators
is the largest and may therewith increase the exactness of measurements. As for the testing of
the hypotheses derived above a large number of data sets is required and as food supply
chains may include organizations in many different countries, this technique seems to be suit-
able for the purpose of this thesis.

However, apart from the method of data gathering, Bortz & Ddring (1995) stress that empiri-
cal research requires substantial knowledge of different options to also analyze empirical data.
Kromrey (2009) adds that these research steps cannot be considered separately from one an-
other, but that they influence each other and therefore need joint consideration, as well as con-
sideration of the research purpose.

The research purpose of this thesis lies in the testing of hypothesized causal relations between
the interface design and the occurrence of disruptions in food supply chains. Empirical studies
are developed to test assumptions on causal relations, differences, and changes in selected
characteristics in specific populations (Bortz & Déring 1995). In general, for such purposes
statistical procedures are used to analyze the data obtained (Kromrey 2009), which can in-
volve univariate, bivariate, or multivariate phenomena (Diekmann 2002). According to Kieser
& Walgenbach (2007), empirical analysis of relations between dimensions of a situation and
dimensions of organizational structures is effected primarily by calculation of statistical rela-
tions, especially by correlation analysis. Thereby, theoretically predicted causal relations can
be tested for their existence in practice, which helps to increase scientific knowledge (Schnell,
Hill & Esser 2011). However, by analyzing empirical data with the help of statistical methods,
also some limitations can be observed.

In order to make social phenomena accessible to statistical analyses, information content is
reduced because variables and causal relations need to be quantified (Kieser & Walgenbach
2007). Therewith, important facets of the regarded construct might be lost, if it is not possible
to translate them adequately in quantitative indicators. For instance, the perception of invari-
ability and rigidity of the same instructions might differ between the employees of transaction
partners, yet by quantifying and aggregating the variables, such information is lost. At the
same time, it is lost in favour of higher generalization of the obtained results.”® Nevertheless,
it depends on the research question, whether such information loss can be justified or not.

The objective of this thesis is to identify general causal relations between interface design and
the occurrence of disruptions. The focus lies thereby not on the explanation of why a specific

> For a discussion of the trade-off between preciseness and universality see e.g. Chmielewicz (1979) with

reference to Popper (1973).
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error occurred in a specific situation as such hypotheses could not be falsified and would
therefore conflict with the ontological position of this thesis. Therefore, the loss of qualitative
information seems to be justifiable if therewith empirical data on the hypothesized causal rela-
tions can be analyzed based on statistical methods.

As already pointed out above, a variety of statistical methods exists, which lend themselves to
the analysis of causal relations in social sciences. The procedures range thereby from analyz-
ing causal relations between two directly quantified variables, up to analyzing causal relations
between constructs, which cannot be directly observed in practice and therefore require the
construction of not only causal models, but also measurement models (see e.g. Bortz &
Déring 1995; Albers et al. 2009; Backhaus 2011). For the investigation of the hypotheses de-
veloped here, the method of structural equation modelling (SEM) is selected due to several
reasons, which are illustrated in the following.

SEMs can be understood as statistical procedures for testing and measuring functional, predic-
tive, and causal hypotheses (Anderson & Gerbing 1988; Bagozzi & Yi 2012). The technique
of SEM is an advancement of path analysis, which allows for the analysis of latent (i.e. unob-
servable) variables, and for the consideration of measurement errors (Bortz & Doring 1995).
The resulting path coefficients indicate the strength of causal effects, if the causal model is
correct. Therewith, the technique allows only for the exclusion of falsified causal models, but
does not determine which of the remaining potential causal models is correct (Backhaus et al.
2011). This decision in turn is based on the previously logically and theoretically developed
assumptions on causal relations. SEMs are to be preferred compared to e.g. influence dia-
grams, if the researcher is interested in the explanation of effects, not on their prognosis
(Anderson & Vastag 2004).

The hypotheses to be investigated are hypotheses on relations between an environmental con-
dition, an interface structure, and their effects on the probability of errors, resulting in disrup-
tions. Thereby all three components are latent variables, which cannot be observed directly,
wherefore the direct measurement of variables is not possible. Furthermore, the occurrence of
errors and consequential disruptions might have more causes than those assessed here, where-
fore measurement errors are likely. Furthermore, the research interest is here on the explana-
tion of why disruptions occur, wherefore explanation is prioritized compared to prognosis.
Therefore, SEMs seem to be a suitable technique for the purpose of this thesis.

In principle, a SEM comprises one structural model, and two measurement models (Backhaus
et al. 2011). In the structural model, the assumed causal relations between exogenous and en-
dogenous latent variables are stipulated (y) (Anderson & Gerbing 1988). One of the meas-
urement models measures the exogenous latent variable () with the help of adequate indica-
tors (X) under consideration of measurement errors (3), and the other one measures the en-
dogenous latent variable n with the help of indicators (Y) including measurement errors ()
(Backhaus et al. 2011). A simplified model shows Figure 30.
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Figure 30: Structural equation model with one exogenous and one endogenous variable
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Source 15: Adapted from Backhaus et al. (2011 p. 341)

In summary, the SEM has the purpose to translate causal relations between abstract constructs
into empirically observable, measurable indicators, which are connected by choosing ade-
quate mathematical operations (Backhaus et al. 2011). However, before being able to derive
indicators and measure the latent constructs, first of all, the assumed causal paths have to be
identified, wherefore the propositions made in this thesis have to be combined in one struc-
tural model.

In conclusion of the above developed assumptions on the causal relations, the structural
model includes three exogenous variables, which are influencing the interface structure, and
which are also assumed to have a direct effect on the operational performance and its suscep-
tibility to disruptions. Thereby, the interface structure can be regarded on two levels of analy-
sis: firstly, on the more aggregated level, where interface structure is composed by degree,
standardization, and formalization of interactional programming. As these elements are com-
positions of their sub-elements, this model will be termed second order model in the subse-

quent analysis and can be found in Figure 31.7°

" This terminology is suggested for example by Vandenberg, Richardson & Eastman (1999) and Jarvis, Ma-

cKenzie & Podsakoff (2003).
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Figure 31: Second order model linking transactions and interface design to performance
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As can be seen, of the paths connecting the constructs have been marked with the proposition
stipulating the assumed causal relation. In all, this structural model involves fifteen paths
which have to be measured. However, as the three variables of interface structure have been
further decomposed, this model can be further refined by splitting these elements into their
respective sub-elements as shown in Figure 32. This model will be referred to as first order
model in the following.
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Figure 32: First order model linking transactions and interface design to performance

27 causal relations to be tested

Uncertainty

Operational
Performance

Specificity

Ps

Frequency
P;= Proposition i

The amount of causal relations to be tested is substantially higher in the first order model
compared to the second order model. Furthermore, the consideration of two levels of analysis
also has implications for the measurement models, as will be shown in section 3.5.3. Regard-
ing the question of suitable indicators, it is now possible to assert that firstly, values have to
be retrievable with the survey-technique, and secondly, measurements have to be integrated in
a SEM, taking the specification of constructs into account. Based on these considerations, in
the next section, the SEM for the testing of how interface design affects the occurrence of dis-
ruptions will be developed.

3.5.3  Structural Equation Model on Impacts of Interface Design on Operational Perform-
ance

In the next step, the latent variables have to be operationalized, to allow for an empirical
analysis of the hypothesized causal relations between these abstract constructs. Consequently,
the measurement models have to be developed, which include empirical indicators for the la-
tent constructs (Backhaus et al. 2011). Thereby, indicators can be distinguished regarding the
assumed direction of causation between indicators and construct into reflective and formative
indicators (Diamantopoulos & Siguaw 2006).
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According to Christophersen & Grape (2009) reflective measurement models interpret latent
variables as causes of observable indicators. If the latent construct changes, it is reflected in a
change of all its indicators, wherefore they are interchangeable and measure the variable ho-
listically. This connection is represented in Figure 30 by arrows, which go from the latent
construct to the indicators. This type of model is therefore frequently used in explorative re-
search, where large sets of variables are searched for common structures, which allow for a
consolidation and aggregation of variables (Backhaus et al. 2011).

Formative measurement models in turn regard latent constructs as weighted combinations of
its indicators, whereby these indicators impact on the construct. In Figure 30, this would be
the case if the connection between indicators and latent construct would be the other way
round because they constitute the latent variable. Accordingly, even though indicators may
correlate with each other, they do not have to (Christophersen & Grape 2009). Therewith,
they may represent different dimensions of the latent variable, which cannot be adequately
covered by a set of equal indicators. However, this procedure requires more preparatory ef-
forts to derive logical and theoretically consistent hypotheses and a complete set of indicators
to measure all dimensions of a construct (Backhaus et al. 2011).

As Bagozzi & Yi (2012, p. 17) note "the choice of whether to use reflective or formative indi-
cators of latent variables is a controversial issue" and Fornell & Bookstein (1982, p. 442) add
that “the selection of indicator mode may be difficult”. This has also been highlighted for the
operationalization of inter- and intra-organizational coordination by Diamantopoulos &
Siguaw (2006), who continue that despite this difficulty, the choice of operationalization
mode of coordination has not been explicitly defended by prior research. Also research on or-
ganizational structures in general uses ambiguous approaches: many authors utilize reflective
indicators for organizational structures, (e.g. Blain 1964; James & Jones 1980; Morrison 2002,
Ramamoorthy & Flood 2004). However, this procedure does not necessarily have to be cor-
rect, as demonstrated by Diamantopoulos & Siguaw (2006). For a research design where for-
mative indicators would have been required, they compared the results of a reflective and a
formative model and showed that the former led to much less distinctive results. Therefore,
they come to the conclusion that “it is thus possible that the true effects of coordination as
both the ‘glue’ that ensures organizational effectiveness and as a determinant of performance
outcomes may have been underestimated as a result of a Type I error [i.e. choosing reflective
indicators, even though formative indicators would have been required, A/N]” (Diamantopou-
los & Siguaw 2006, p. 273).

The choice is therefore of prime importance for the empirical research and needs to be ad-
dressed thoroughly. However, apart from these two options, also combined measurement
models are possible, which include reflective operationalization of one latent variable, and
formative operationalization of another one (Fornell & Bookstein 1982; Diamantopoulos &
Siguaw 2006; Jarvis, MacKenzie & Podsakoff 2003). This kind of model can be used for ex-
ample, if the observed variance in the endogenous reflectively measured variable shall be ex-
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plained by the unobserved exogenous variables (Fornell & Bookstein 1982). In consequence,
for each of the constructs, regarded in this thesis, the adequate type of indicators has to be
chosen. As a support for the adequate choice, Jarvis, MacKenzie & Podsakoff (2003) provide
a set of decision rules, which are illustrated in the following:

Figure 33: Decision rules for the selection of type of models

Question Formative model Reflective model
Direction of causality from construct to measure implied by the Direction of causalityis | Direction of causality is
conceptual definition: from items to construct from construct to item
Indicators are defining Indicators are

Aretheindicators (a) defining characteristics or (b) manifestations

characteristics of the manifestations of the
ofthe construct?
construct construct
Would changes in the indicators cause changes in the construct or
p Yes No
not?
Would changes in the construct cause changes in the indicators?
No Yes
Interchangeability of the indicators Not necessarily Yes
Should the indicators have the same or similar content? Not necessarily Yes
Do the indicators share a common theme? Not necessarily Yes
Would dropping one of the indicators alter the conceptual domain
. Yes No
ofthe construct?
Is there co-variation among indicators? Not necessarily Yes
Should a change in one of the indicators be associated with .
. R Not necessarily Yes
changes in the other indicators?
Does the nomological net ofthe constructindicators differ? Yes No
Aretheindicators expected to have the same antecedents and .
Not necessarily Yes

consequences?
Source 16: Own illustration, adapted from Jarvis, MacKenzie & Podsakoff (2003)"

Apart from this decision support, in the case of transaction type, the literature on empirical
tests of transaction cost theory suggests that uncertainty and specificity should be operational-
ized with reflective indicators, e.g. (Heide & John 1988; Walker & Weber 1987; John &
Weitz 1989; Coughlan & Narasimhan 1992; Foss & Laursen 2005; Ho, Chi & Tai 2005). This
seems to be intuitive, considering that e.g. uncertainty may arise from a large field of factors,
which need not be present in every case. For instance, for a manufacturer of staples such as
pasta, seasonality of demand may be no source of uncertainty, whereas for a manufacturer of
ice cream, it may play a significant role. Therewith, the operationalization of uncertainty as a
formative measurement model would bear the risk of misspecification, omission of important
causes and inclusion of negligible ones. Therefore, uncertainty will be operationalized based
on a reflective measurement model.

The same can be argued for specificity of employed assets: whereas the concrete asset may be
different for each company, the fact that investments have been made reflect the presence of

" Further lists of criteria have been offered by e.g. Bollen & Lennox (1991) or Diamantopoulos & Winklhofer

(2001), but the list chosen above is considered to be more comprehensive Podsakoff et al. (2003).
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specificity. Therefore, specificity will also be operationalized based on a reflective measure-
ment model.

Frequency of transactions in turn can be observed, hence quantified and measured directly,
wherefore no latent construct including a set of indicators needs to be defined. Instead, fre-
quency is a manifest variable, wherefore no measurement error has to be assumed, which is
caused by operationalization bias (Kromrey 2009). In sum, the three elements characterizing
the type of transaction have either already been operationalized or can be measured directly,
which may reduce the preliminary efforts of the empirical analysis.

However, unfortunately this does not apply to the operationalization of the interface structure,
or of disruptions. Based on the understanding of interface structure developed in this thesis
and guided by Remer, the three latent constructs degree, standardization, and formalization
are constituted by their sub-elements. Therefore, changes in these sub-elements would result
in a change in the second order construct. Thereby, both sub-elements do not necessarily cor-
relate highly with one another, as they are concerned with different aspects of the overall con-
struct.”® Hence, changes of e.g. level of detail of programming do not require changes in pre-
ciseness of programming, but both would cause a change of the degree of programming.
Even though in empirical research this distinction is not always considered, they are both nec-
essary to determine the degree of programming (Remer 1989). Therewith, these first order
latent variables can be seen as the cause of the second order variables, rather than the other
way round, and are thereby formative indicators for the second order constructs (Jarvis,
MacKenzie & Podsakoff 2003).

The last level of organizational design as specified by Remer comprises the sub-elements of
degree, standardization, and formalization. Their operationalization in turn can be attributed
to the right column of Figure 33, due to the following reasons. Firstly, their indicators would
not change the causal implications, as e.g. preciseness of programming may require different
indicators depending on the application context, yet by replacing one indicator with another
the nature of preciseness is not changed. Thus, indicators are interchangeable, non-
constitutive, and do not alter the concept of the construct. Secondly, if the preciseness of in-
teractional programming is changed, this change should be reflected by the indicators, as the
overall degree of preciseness is either higher or lower. Therefore, the six first order constructs
will be measured by reflective indicators.

For the operationalization of disruptions, first the question has to be answered how specific
the measurement model shall be developed. Whereas in previous empirical research, disrup-
tions were measured by abnormal fluctuations of shareholder value (Hendricks & Singhal
2008), this does not seem to adequately measure the construct as developed in this thesis. This
is further stressed by the fact that the same authors used this kind of measurement once for
“glitches” (Hendricks & Singhal 2003), and once for disruptions, whereby disruptions be-

" See sections 3.3.2 and 3.3.3.
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come an arbitrary term. Additionally, by measuring disruptions with financial indicators, the
question emerges, whether indeed disruptions are measured, or performance in general. Fur-
thermore, such indicators would imply that disruptions need to have a negative impact on
shareholder value. However, as stressed in section 2.2.3, disruptions are primarily a deviation
of actual operational performance from operational plans, which is not necessarily that detri-
mental that it impacts on company value as well. Therefore, the deduction of indicators
should start from the comparison of operational plans and actual operational performance,
which is consequently an ex-post evaluation of disruptions. Hence, because disruptions pre-
cede the observations, causal relations go from the construct to indicators, which have there-
fore a reflective character.

Thus, the final structural equation model includes both, formative as well as reflective indica-
tors. This does not imply necessarily a contradiction, as the model incorporates first-order and
second-order constructs, for which the directions of causation between indicators and latent
construct do not have to be the same (Podsakoff et al. 2003). Nor does it imply that with fur-
ther specification and definition, this complexity could be reduced, as interface structure is a
multidimensional construct, which requires by definition formative indicators.” Nevertheless,
the different directions of causality and specifications of measurement models have to be
carefully considered during the analysis of the data. Based on the methodological considera-
tions of this section, the structural model is composed by first order and second order models.
As the specification of the reflective measurement models is still up to their actual operation-
alization and pre-tests, these measurement models will not be further included in the resulting
causal model shown in Figure 36. Based on this model, in section 4 the empirical analysis of
how interface design affects the susceptibility of supply chains to disruptions will be further
prepared, executed and analyzed.

" According to Law, Wong & Mobley (1998) a multidimensional construct consists of a number of interre-

lated attributes or dimensions, which can be conceptualized under an overall abstraction because it is theo-
retically meaningful and parsimonious.
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Figure 34: Structural equation model for the impact of interface design on disruptions
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3.6 Interim Conclusion

Following the research aims as depicted in section 1.3 of this thesis, the purpose of section 3
was mainly the pursuance of analytic aims, hence the exploration of causal relationships be-
tween the variables, deduction of hypotheses and construction of the structural model.** The
exploration of causal relationships and the deduction of hypotheses require thereby a theoreti-
cal foundation, to avoid eclectic assumptions (Popper 1980). Hence, before being able to in-
vestigate causal relations and to derive propositions, a suitable theoretical basis had to be se-
lected, which is able to explain the phenomenon under study.

The illustration of major organizational theories in section 3.2 followed the consideration of
these requirements. In section 3.2.1, seven theoretic approaches were scrutinized for their ex-
planatory power of disruptions. Based on the need to explain decisions on the design of inter-
organizational relationships, new institutional economics was chosen as a theoretic basis, as it
focuses on interactions of organizations and provides explanations for disruptions from an
institutional, structural and process perspective. This choice was further refined in section
3.2.2 to take transaction cost theory as theoretic framework for the deduction of hypotheses
on interface design. However, with the choice of transaction cost theory, the occurrence of
disruptions might be explained from a bird’s eyes view, but would omit the role of the human
being involved in exchange processes. As already observed by Chmielewicz (1979), eco-
nomic theories and decision theory are to a great extent overlapping, because in economic
systems as in all systems, decisions have to be taken based on respective objective functions.
Nevertheless, he also points out that the facts and circumstances of decisions differ depending
on the unit regarded. Therefore, in section 3.2.3, descriptive decision theory was selected as
theoretic foundation for explaining human errors.

In order to investigate how interface design impacts on the susceptibility of supply chains to
disruptions, the interface design decisions had to be linked to individual decision making.
Thereby, the organizational structure of interfaces was identified as instrument, which organi-
zations use to stir a desired behaviour in their employees (Hill, Fehlbaum & Ulrich 1994).
These structures in turn represent conditions under which the individual takes its decisions,
which either lead to desired results or to errors (see section 3.2.3). In the context of interfaces
however, not all instruments might be employed to the same extent as within organizations.
Therefore, the description of interfaces and identification of relevant elements of organiza-
tional structure was pursued in section 3.3, where interfaces were described and conceptual-
ized to allow for a systematic deduction of hypotheses linking interface structure and disrup-
tions afterwards. Based on a description of interfaces, section 3.3.1 identified relevant dimen-
sions of interfaces for the purpose of this thesis. This revealed that in comparison to company-
internal structures, the role of vertical relations is reduced, due to the lack of a common au-
thority. After this broad overview, the terminological framework by Remer was selected as a

8 See e.g. Chmielewicz (1979); Hill, Fehlbaum & Ulrich (1994); Bea & Haas (2001).
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systematic basis to describe organizational structures, which were elaborated in the following
sections. In section 3.3.2 the primary variable of organizational structures, namely “differen-
tiation” was described and decomposed. This resulted in 128 possibilities to configure organ-
izational structures, which were exemplified in the context of interfaces in food supply chains
to illustrate their relevance and resulting design options. In section 3.3.3 the secondary vari-
able, namely “programming” was described and decomposed in the same way. Again, the de-
composition resulted in 128 possibilities to configure organizational structures at interfaces,
which in combination with the primary variable created 256 possibilities to be considered in
the design of interfaces.

Therefore, in section 3.4.1 the research focus was narrowed down to the identification of in-
teractional programming as being the most relevant object of organizational structure in this
context. Furthermore, the characteristics degree, standardization, and formalization as well as
their respective sub-elements were included for further analyses, resulting in the consideration
of six possibilities to design interface structures. In section 3.4.2 potential effects of interac-
tional programming on individual decision making based on decision theory were proposed.
This resulted in an unlimited range of potential configurations of interactional programming,
which might have different effects on the potential for errors. This was followed in section
3.4.3 by the deduction of propositions on causal relations between transaction types and op-
erational performance amplifying the number of propositions to twelve, with again a nearly
unlimited range of potential configurations.

In section 3.5, the hitherto separated streams of argumentation were combined content-wise
and conceptually, to align and prepare them for the empirical analysis. Therefore, in section
3.5.1 the causal assumptions on how the transaction type influences the interface structure
shed light on the interface design process, which might also be important to assess the opti-
mality of interface structures in a given transaction environment. After completion of the set
of propositions to be tested, the methodology on which the empirical analysis will be based
had to be selected and depicted. To this purpose, in section 3.5.2 the survey technique was
chosen as data collection method and structural equation modelling as method for data proc-
essing and testing of causal propositions Finally, in section 3.5.3 the previously identified,
conceptualized, and theoretically connected constructs were transformed into a structural
equation model with reflective first order measurement models and second order formative
models, which will be analyzed empirically in section 4.



4 Empirical Analysis of Disruptions in Cold Chains

4.1 Introduction to the Section

According to Diekmann (2002), empirical research comprises broadly five main phases:
firstly, the formulation and specification of the research problem, secondly, the planning and
preparation of data collection, thirdly, the collection of data itself, fourthly, the analysis of
data and finally the report of findings. As the first phase has already been executed in the pre-
vious sections, section 4 focuses on the phases two to four. How they are distributed among
the sub-section will be depicted in the following paragraphs.

The preparation and execution of the research process comprises a series of interconnected
decisions, which are not entirely separable from one another (Kromrey 2009). The planning
and preparation phase for instance comprises the operationalization of constructs, the defini-
tion of data collection method, and the determination of the target population, before pre-tests
are carried out (Diekmann 2002). The planning phase is depicted in section 4.2, where the
empirical analysis is tailored to meet the demands of this research. As the operationalization
and selection of data collection method may differ with differing target populations, section
4.2.1 defines first of all the target population before a data collection method is selected. This
is followed by the operationalization of transaction types (section 4.2.2) and interface struc-
ture and disruptions (section 4.2.3) as the three components of the causal model.

In these operationalizations, the requirements of the research method and target population are
taken into account. However, to assure that measures are inter-subjectively comprehensive
and unambiguous, especially in social sciences, extensive pre-testing of indicators and data
collection methods is required (e.g. Bortz & Doring 1995; Diekmann 2002; Schnell, Hill &
Esser 2011). This testing belongs to the preparation phase and is also part of the empirical
component of this thesis, which is described in section 4.3. To this purpose, section 4.3.1 de-
picts the execution and results of the pre-tests of the indicators, whereas section 4.3.2 de-
scribes the survey and its pre-tests. The last sub-section of 4.3 finally comprises the execution
of the main survey, which is the third phase of empirical research described by Diekmann
(2002).

The first part of the fourth phase, namely the construction of an analyzable data file is con-
ducted in section 4.4. In contrast to the natural sciences, social sciences are confronted with a
lack of directly observable and measurable research objects, wherefore indirect measures have
to be scrutinized extensively to assure their adequacy (Kromrey 2009). Therefore, section
4.4.1 starts with the illustration of evaluation criteria, which will be applied to the sample to
assure the quality of measurement. The application or error control measures and data clean-
ing measures will then be applied to the entire data set, before the display of research findings
starts with some descriptive statistics, which is generally done to inform about the characteris-
tics of the sample and to provide a first overview on the data (Schnell, Hill & Esser 2011). In
consequence, in section 4.4.2, the data set is cleaned first, followed by the display and com-
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parison of information on respondents and the two cases. Thereby, initial quality corrections
are executed to avoid biases in the evaluation of indicators, as well as in the statistical results.
With the application of the quality criteria for the measurement models, the fourth phase is
turning to its second part, which is the statistical data analysis (Diekmann 2002). This sub-
phase starts with the construction of measures and analysis of indicators, and finishes with the
analysis of causal relations. However, as many propositions have to be analyzed in two sam-
ples, section 4.4.3 focuses as the previous section on the illustration of results, which will be
analyzed in the next section.

Therefore, section 4.5 is concerned with the last step of the fourth research phase, namely the
analysis of the data itself (Diekmann 2002). To this purpose, section 4.5 focuses on the analy-
sis of disruptions. Therefore, it illustrates the general findings on sub-samples and their com-
monalities and differences regarding disruptions, to provide insights on a phenomenon where
empirical findings are scarce.® Based on these insights and the results of statistical analyses
conducted in section 4.4.3, section 4.5.2 analyzes the effects of the interface design on the oc-
currence of disruptions. These findings are juxtaposed and compared in section 4.5.3 to the
effects of the interface design on optimal process performance, to identify commonalities and
differences between the interface designs in both cases and their impacts. Therewith, all re-
maining phases of empirical research have been completed, wherefore section 4.6 briefly
summarizes the section and its main findings.

4.2 Tailoring of the Empirical Analysis
4.2.1 Description of the Target Population and Research Design

Before one can start with the empirical investigation, it is first of all necessary to determine
the target population, which shall be represented by the sample (Diekmann 2002). The target
population is thereby determined to a large extent by the research question, as well as data
collection and data analysis methods (Kromrey 2009). However, the determination of the tar-
get population by means of statistical key figures poses a challenge in the context of this re-
search due to a number of reasons.

Firstly, whereas for this research, statistics across economic sectors from primary production,
via logistics services, manufacturing, and trade would be required, statistics by national or
supra-national bodies differentiate companies mainly sector-wise, hence into primary, secon-
dary, and tertiary sector (see for example statistic databases by Eurostat, World Trade
Organization, OECD). Thereby, the possibility to characterize the target population becomes
improbable, as key information is lacking.

81 See section 2.5.1.
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Secondly, whereas production companies still might be characterized sufficiently by the prod-
ucts produced, it becomes more difficult for logistics companies which provide the same ser-
vices for a wide array of products, of which only a fragment belongs to the target group. To
this purpose, the Federal Statistical Office Germany has been contacted, to inquire about
availability of statistics on companies working in cold chain logistics or food logistics. How-
ever, this inquiry yielded no results, as again, the classification of companies is based on hori-
zontal differentiation of the value chain, instead of vertical differentiation. Therefore, compa-
nies in this field are currently covered by several distinctive classifications, such as freight
transport or warehousing,” wherefore unambiguous identification of the target population is
not possible. Thereby, the generalization of findings is constrained, stressing the exploratory
nature of the empirical investigation. At the same time, it highlights that reliable data on sup-
ply chains is still scarce and that more research is required in this field.

Considering that the target population cannot be identified unambiguously, the determinate-
ness of derived findings is reduced, as the population for which the statement is valid cannot
be specified to the same extent. Therewith, the information content of research would be re-
duced, which is according to Popper (1973) the most important objective of research. The
question is thus, whether it is possible to increase the information content in another way to
increase its relevance. As Chmielewicz (1979) observes, apart from the determinateness of
statements, information content is also fostered by increasing universality of statements,
hence their scope of application.®* Therefore, it should be considered whether the empirical
analysis should not be expanded in scope, to increase information content and therewith falsi-
fyability of statements.

The expansion of scope of analysis seems to be feasible and useful due to a number of reasons.
Firstly, considering the specificity of regarded supply chains, the sample size might be an is-
sue, as it might be difficult to obtain sufficient participants for quantitative analyses of data.
Therefore, expanding the scope of analysis also increases the number of potential participants
and therewith the probability of satisfying basic requirements for statistical analyses. Secondly,
the specialized equipment to be used for transport and storage of perishables, such as refriger-
ated trucks, reefer containers and temperature monitoring equipment increase the likelihood
that LSP try to maximize the capacity utilization by offering services for other temperature-
sensitive products as well. For instance, especially the airline industry increases its product
portfolio, by offering services to high-value - low-volume cargoes, such a temperature sensi-
tive pharmaceuticals (Transport Intelligence 2011). Therefore, a complete distinction of com-
panies handling perishables from companies handling other temperature-sensitive products
does not seem to be possible per se. Thirdly, the main focus of this research lies on disrup-
tions and its causes. However, one of the main reasons for choosing the food sector as exam-
ple for the analysis was the considerable impact deviations from process plans have on prod-
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uct quality, mainly due to the required cooling, which also implies considerable hazards and
economic losses.®* Therefore, an expansion to other temperature-sensitive products does not
seem to alter the phenomenon under study, but may increase the universality of results. Fur-
thermore, this proceeding is frequently observed in empirical research, because the definition
of the target population is in general a compromise between the interesting objects and the
available resources (Schnell, Hill & Esser 2011). Hence, based on the practical constraints
and science-theoretic requirements, the empirical research will be expanded to increase the
information content of derived findings.

Another challenge occurs regarding the approach of potential participants. Especially for rare
target populations, selecting participants based on an existing list is not always possible
(Diekmann 2002). As has been noted above, in supply chain research, the definition of accu-
rate sampling frames is difficult, as the companies belong generally to different industry
groups. If it is not possible to start from an already existing list of the target population, po-
tential participants have to be identified in another way. Lumsden (2007) suggests notifying
potential participants in publications most appropriate for the targeted audience, which may
include e-mails, newsprints, flyers, advertisements on radio, and television, and person-
specific correspondence. Lang (2007) in turn compiled a list of companies from different in-
dustry databases. Such databases are for example maintained by industrial organizations and
provide a suitable starting point for contacting potential participants.

Many food producers and retailers are members of industry-specific organizations, such as the
Fresh Produce Exporter’s Forum (FPEF)®, the World Farmers’ Organisation (WFO)®, the
British Retail Consortium (BRC)¥’, or the Dutch Food Retail Association (CBL)®. LSPs
however offer a service for a specific supply chain segment, rather than for a specific product
category. In consequence, associations representing LSPs also mainly focus on the kind of
service, such as the International Air Transport Association (IATA)¥, the European Cold
Storage and Logistics Association (ECSLA)®, the Cool Chain Association (CCA), or Trans-
frigoroute International (TI)’'. Members of these associations therefore normally do not only
focus on food supply chains, but also handle other temperature-sensitive commodities, such as
pharmaceuticals or flowers, as has already been suggested above.

Especially pharmaceuticals share some important features with food products. Firstly, they
are also highly regulated (Backhaus 1983; Majone 2000; Wiktorowicz 2003) and partly cov-
ered by the same regulations as food products (Marucheck et al. 2011). This feature also dis-

8 See sections 1, 2.5.2, and 2.5.3.
8 http://www.fpef.co.za/.

8 http://www.wfo-oma.org/.

8 http://www.brc.org.uk/.

8 http://www.cblnl/.

8 http://www.iata.org/.

% http://www.ecsla.eu/.

o' http://www.transfrigoroute.eu/.
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tinguishes these two commodities from other temperature-sensitive products, such as flowers
(Plaggenhoef 2007). Considering that regulatory requirements may also play a role in the
definition of indicators for disruptions and that they may have a substantial effect on the or-
ganization of supply chains, ** expanding the focus to cold chains in general might thus lead
to biased results. Secondly, temperature ruptures can have significant impacts on the quality
and fitness for use of pharmaceuticals as well (Matthias et al. 2007; Bell et al. 2001), where-
fore the evaluation of disruptions is likely to more similar to food products as of those prod-
ucts not posing hazards to humans. Thirdly, temperature ruptures are not the only type of dis-
ruptions occurring, as disruptions occur also frequently due to errors in the information flow,
such as labelling and misbranding.”® These kinds of disruptions are also frequently observed
on food supply chains,” wherefore both product categories are considered to be similar re-
garding structures, types of disruptions, significance of disruptions and regulatory background.
Thus, regulatory impacts on the design of cold chains seem to be comparable, as well as the
diversity of potential disruptions experienced.g5 Therefore, in order to increase the area of ap-
plication of insights, and the information content of the empirical analysis, the focus will be
expanded to cover not only food supply chains, but also pharmaceutical supply chains, which
in the following for simplicity reasons will be referred to as cold chains. Hence, the target
population can be specified to consist of companies being involved in cold chain logistics for
food and pharmaceuticals.

Apart from constraints posed by the research question and target population, further con-
straints emerge from the choice of data collection method (Bortz & Doring 1995). The survey
technique chosen for this purpose® is thereby the standard method in empirical social sci-
ences and can be further differentiated into interviews and questionnaires (Schnell, Hill &
Esser 2011). The survey is also the favoured technique by Remer (1989) to measure organiza-
tional structures, as herewith the choice of potential indicators is larger. As positions are filled
by employees (i.e. the position owner), obtaining information directly from these employees
increases the coverage of the actually effective interactional programming (Remer 2005).
Therefore, the target population can be further specified to consist of company representatives,
which interact with representatives of other companies, hence with customers, and/or suppli-
ers, and/or logistics service providers.

The type of interrogations can thereby range from completely open interrogations to com-
pletely standardized ones, where all questions are fixed and have a limited set of predefined
possible answers (Diekmann 2002). Open questions and unstructured surveys are thereby
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See section 2.4.1.

See e.g.: http://www.accessdata.fda.gov/scripts/importrefusals.

See e.g.: European Commission 2013.

In contrast to food products however, profit margins for pharmaceuticals are in general considerably higher
(e.g. Scherer 1993; Berndt 2002; Giaccotto, Santerre & Vernon 2005), and potential monetary losses due to
disruptions in the supply chain significantly higher Matthias et al. (2007). Such differences need to be taken
into account during the analysis.

% See section 3.5.2.
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most frequently used in qualitative empirical research, whereas standardized surveys with
closed questions are generally used in questionnaires and quantitative research (Kromrey
2009). As the aim of this thesis is to identify general causal relations and to test hypotheses, a
standardized survey seems to be more suitable to increase comparability and quantification of
the results. The question remaining is therefore, whether a standardized interview or a stan-
dardized questionnaire is more suitable.

In interviews, the role of the interviewer is of high importance, as his or her behaviour may
influence the responses of the interviewee, especially in the case of sensitive questions (Bortz
& Doring 1995; Turner et al. 1998). This consideration is deemed to be important in the case
of this research, as interviewees will be questioned about cases, where exchange processes
showed inferior performance. A face-to-face interview could therefore result in “socially de-
sirable” response behaviour, whereby the reliability of results would be imperilled. Further-
more, the higher flexibility for respondents in questionnaire-based surveys to respond when-
ever and wherever they have the occasion also favours the use of written responses (Roberts
2007). Another advantage of written surveys is that the respondent can take time to thor-
oughly consider the question before answering (Diekmann 2002), which is considered as im-
portant due to the abstract nature of the research question. Respondents have thereby not only
to recall a specific transaction, but also to interpret the questions for their specific context, due
to the heterogeneous type of companies involved in end-to-end supply chains.

The type of questionnaire can be further differentiated regarding the mode of submission. Re-
searchers today have several options available, ranging from traditional paper-and-pencil sur-
veys to web-based surveys (Ma & McCord 2007). Web-based surveys are increasingly used
in social sciences, as the number of internet users is continuously increasing and especially
companies grant their employees access to the internet (Strassnig 2009). Further advantages
are the relatively low temporal and monetary expenses, whereby the number of potential par-
ticipants is increased (Miihlenfeld 2004). Additionally, the hitherto existing technology is able
to assess the data quality rapidly, to tailor the survey for specific participants, and to increase
confidentiality, whereby the reliability of results is increased (Jansen, Corley & Jansen 2007).
Disadvantages in turn can be seen in the difficulty to determine the target population, the rep-
resentativeness of the sample, and high volatility in response rates, which ranges in general
between 10-50% (Leopold 2004), but which is by trend decreasing (Roberts 2007). However,
these disadvantages seem to play a less important role in this case, due to the exploratory na-
ture and the difficulties to characterize the target population as discussed above.

Furthermore, in order to reduce discrepancies between the target population and the sample,
web-based surveys can be personalized by sending a unique survey access link to the targeted
respondents (Lang 2007). Even though especially in agricultural supply chains, the levels of
Internet usage still vary considerably between large companies and small and medium-sized
enterprises (SMEs), this difference is rather concerned with whether companies use the Inter-
net for supply chain integration or just as a communication tool (Manthou, Matopoulos &
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Vlachopoulou 2005). Hence, for the purpose of contacting potential participants and conduct-
ing the online survey, no substantial bias seems to result from the choice of a web-based sur-
vey. Therefore, an online survey will be conducted, to increase user-friendliness, number of
potential participants and geographic scope. Now that the type of empirical research has been
defined, as well as the target population, the latent constructs can be operationalized, which
will be done in the following sections.

4.2.2  Operationalization of Transaction Type and Process Performance

In order to test latent constructs, they have to be operationalized in such a way that measuring
and testing causal assumptions becomes possible (Kromrey 2009). For the development of
adequate indicators, which can be measured with the methodology chosen, some theoretical
and practical considerations become necessary, which will be detailed in the following.

From the theoretical perspective, some quality criteria have to be considered, to assure the
quality of the measurement and testing of causal assumptions. For the assessment of empirical
investigations, Zetterberg (1973, p. 143) suggests the following quality criteria:

logical and/or empirical validity of operational instructions,

2. reliability (i.e. preciseness and objectiveness) of operational instructions,

3. consensus between the trend of the data and the trend stipulated by the scrutinized
hypothesis which consists of a) the degree, to which the direction of the trend is
confirmed and b) the probability that the trend of the data is a coincidence,

4. control of alternative hypotheses,
representativeness of the selection and of the size of the population,
the degree, to which the hypothesis under scrutiny is already a substantial part of
existing theory.

Of the quality criteria described above, especially the first two points are important for the
operationalization of the latent constructs into empirically testable relations. An indicator is
valid, if it really measures the targeted phenomenon (Kromrey 2009). Therefore it is impor-
tant that every aspect of the theoretical term is considered in the operationalizations (Schnell,
Hill & Esser 2011). Comparing the measurement models, this implies that in formative meas-
urement models, all dimensions of a construct have to be covered by different indicators,
whereas in reflective measurement models, one dimension is covered by several content-wise
identical indicators (Diamantopoulos & Siguaw 2006).

Reliability of the measurement refers to the degree, to which the measurement is influenced
by perturbations or errors (Bortz & Doring 1995). A reliable measurement implies further-
more that measurements conducted at different points in time (i.e. inter-temporal reliability),
by different persons (i.e. inter-subjective reliability) and with different instruments (i.e. inter-
methodological reliability) result in the same observations (Kromrey 2009). Measurement er-
rors in one observation can be reduced by utilizing several indicators per dimension of a con-
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struct (Schnell, Hill & Esser 2011). Thus, from a theoretical perspective, more indicators are
desirable, which Marsh et al. (1998 p. 214) formulates as “more is never too much”.

In contrast, from a practical perspective, an excessive number of indicators is undesirable be-
cause of the demands imposed on the data collection, and the increase in the number of pa-
rameters to be estimated when the construct is embedded within a broader structural model
(Diamantopoulos & Siguaw 2006). Furthermore, the willingness to participate decreases with
longer duration of the survey, which in turn is increased by the number of indicators. Already
existing research on online surveys revealed that participation was denied more frequently if a
survey took more than 15 minutes (Kuckartz et al. 2009). This observation was also supported
in discussions with cold chain managers, wherefore the number of indicators needs to demon-
strate the adequate balance between reliable measurement and acceptable time frame.

In the literature, a general consensus exist that normally at least three indicators should be
used per construct, but that under certain conditions two might also be sufficient (Marsh et al.
1998). However, as for the majority of constructs no already existing and tested sets of indica-
tors could be identified, those constructs were operationalized first with six indicators each,
from which those with the best fit were to be selected after pre-testing the scales. In the fol-
lowing, the process of indicator development will be depicted.

Transaction cost theory has already been widely applied in empirical research, wherefore a
variety of operationalizations of uncertainty, frequency and specificity exist.”” Bortz & Déring
(1995) suggest if possible the use or adaptation of already existing scales, to reduce the work-
load for empirical investigations. Additionally, by using existing scales which have been used
already by other researchers, inter-temporal and inter-subjective reliability of measurement
can be enhanced. In consequence, the literature on empirical applications of transaction cost
theory has been investigated to identify suitable operationalizations. The encountered sets of
indicators revealed that the constructs have been specified in distinct ways to suit the respec-
tive application background, mainly with a clear focus on applications in production. In order
to increase the validity of indicators, different sets were gathered based on a snowball system.
Only those operationalizations, which had been successfully tested in empirical research, were
considered to assure their reliability.

Based on the identified sets, during a workshop, several cold chain experts were asked to as-
sess the relevance of aspects represented by the indicators. To this purpose, the aspects ad-
dressed in the indicators were listed and the experts were asked to attribute values between 1
(very important) to 5 (not important at all) to each aspect. The scores were then aggregated for
each set of indicators and the most relevant operationalizations identified. In order to assess
the scales not only regarding their practical relevance, but also regarding their theoretical
relevance, as a further criterion, the journal ranking of each publication was taken as an indi-

7 For an overview on empirical research using transaction cost theory see e.g. Shelanski & Klein (1995) and

David & Han (2004).



Tailoring of the Empirical Analysis 177

cator for scientific quality. To this purpose, JOURQUAL rankings of journals were taken as a
basis, since this ranking is based on the weighted additive combination of review require-
ments and paper quality assessed by more than 500 management research experts (Hennig-
Thurau, Walsh & Schrader 2004). Even though this approach may also be biased by subjec-
tive evaluation by the experts, choice of included journals, or choice of criteria, the risk is re-
duced by the large sample size and high correlations of the resulting ranking with other jour-
nal rankings (Hennig-Thurau, Walsh & Schrader 2004). A summary of the results is shown in
Table 9 where the operationalization selected is market in bold.

Table 9: Overview and ranking of operationalizations of uncertainty

. . Journal
Source Type of Uncertainty Indicators Score .
Rating
Walker & We- . i i
Volume Uncertainty ﬂuctuatlo'ns in volume 2,29 A+
ber 1987 = accuracy in volume forecasts
= fluctuations in market share
John & Weitz Environmental = predictability of trends 206 B
1988 Uncertainty = volatility of industry volume ’
= accuracy of forecasts
John & Weitz Environmental = volatility of industry volume
1989 Uncertain = accuracy of forecasts 2,90 A+
ty = predictability of trends
Allen & Lueck . .
1992 Supply Uncertainty = seasonality of product supply 2,71 B

For uncertainty, the indicators by Walker & Weber (1987) were considered most relevant by
the cold chain experts. Furthermore, this paper has been published in a journal with A+ rank-
ing. Hence, uncertainty was operationalized following Walker & Weber (1987) as:

Table 10: Initial measures of the construct “volume uncertainty”

ID Indicator
Un To what extent are significant fluctuations in the daily/monthly volume requirement
expected?
Un2 To what extent are volume estimates considered to be uncertain?

Source 18: Walker & Weber (1987)

Even though the scale consists only of two items, its successful empirical testing suggests that
it is sufficiently reliable. As it has also been applied to a similar sample size as sought here, it
seems thus suitable for the purpose of this thesis. In the original survey, responses were given
on a five point Likert scale, which has also been maintained for this thesis. This operationali-
zation was taken as a basis which was further refined by adaptations during additional pre-
tests, to increase suitability for the application field. The same procedure has been conducted
for specificity of transactions and the results can be found in Table 11.
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Table 11: Overview and ranking of operationalizations of specificity

Type of ) Journal
Source . Indicators Score .

Specificity Rating
John & Weitz | Asset . . o d qualifvi 129 B
1988 Specificity investments in training and qualifying )
Heide & John  Partner = dependency on the partner 232 A+
1988 Specificity = easiness to replace the partner ’

. = investments in training & qualifying
Heide & John  Asset = investments in tooling & equipment 1.93 A+
1992 Specificity = adaptation to special norms & standards !
= changes in production / distribution system

Patnayakuni, = investments in tooling & equipment
Rai & Seth Asse'.t N = knowledge of each other's organizational cultu- 2,08 A
2006 Specificity re

= knowledge of each other's procedures

The reason why specificity was not operationalized as suggested by John & Weitz (1988) is
that only one indicator was provided, which imperils reliability of measurement (Chin 1998).
Furthermore, the closest other operationalization included also this indicator, but also several
other indicators also deemed important by the industry experts and was additionally better
ranked. In consequence, specificity was operationalized based on Heide & John (1992) as:

Table 12: Initial measures of the construct “asset specificity”

ID Indicator
Specl | We have made significant investments in tooling and equipment dedicated to our
relationship with this supplier
Spec2 | This supplier has some unusual technological norms and standards, which have required
adaptation on our part
Spec3 | Training and qualifying this supplier has involved substantial commitments of time and

money

Spec4 | Our production system has been tailored to using the particular items bought from this
supplier

Spec5 | Our production system has been tailored to meet the requirements of dealing with this
supplier

Spec6 | Gearing up to deal with this supplier requires highly specialized tools and equipment
Source 19: Heide & John (1992)

Here, responses were provided on a seven point Likert scale ranging from “strongly agree” to
“strongly disagree” (Heide & John 1992). However, during the pre-tests, this scale was re-
duced to a five point scale to reduce the complexity of response and increasing consistency
between the scales for different constructs.

The construct frequency in turn does not require indicators, as it is directly observable and
can be quantified directly. The choice of an adequate scale however depends on the applica-
tion background, wherefore the scale was developed with cold chain experts during the pre-
tests of the questionnaire. The original operationalization of asset specificity as cited above
also required in part and adaptation to the cold chain logistics context to increase its suitability.
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The focus on a production environment in the indicators for specificity would result in lack of
applicability and confusion of those participants, which are from the transport or retail seg-
ment of the cold chain. Therefore, during the pre-tests, the experts were inquired and the indi-
cators based on their suggestions adapted.

For the construct process performance, no existing set of indicators was encountered that
would also allow for a measurement of disruptions as defined in this thesis. Therefore, differ-
ent incidences, which are considered as disruptions in the literature were collected, adapted to
the understanding of disruptions of this thesis and presented to the cold chain experts.”® The
list and assessment by the cold chain experts can be found below:

Table 13: Overview and assessment of operationalizations of process performance

Source Indicators Agreement

Huber & Michael 2007 temperature excursions yes

Craighead et al. 2007 considerable production delay no

Albino, Garavelli & Okogbaa 1998 qualitative damage of products yes

Subramaniam, Raheja & Rama Bhupal o

Reddy 2005 breakdown of equipment

Albino, Garavelli & Okogbaa 1998 o yes
quantitative damage of products

Ratick, Meacham & Aoyama 2008 contamination of products no

Craighead et al. 2007 considerable shipping delay yes

Subramaniam, Raheja & Rama Bhupal o

Reddy 2005 malfunction of handling equipment

Subramaniam, Raheja & Rama Bhupal o

Reddy 2005 rejection of supplies or deliveries

In the workshop, they were asked, which of these incidences they would call a disruption.
From the nine incidences presented, five were not understood as a disruption by all experts.
Considering the relatively small pre-test sample, for assuring substantive validity of indicators
(Anderson & Gerbing 1991), all indicators not being agreed on by all experts were excluded
to avoid ambiguity, resulting in a proportion of substantive validity of 1.0 for the remaining

ones.

These four incidences represented a disruption for all of the seven experts. Thereby, the con-
sideration of cold chain specific indicators has been confirmed, as temperature excursions
were unambiguously identified as representing disruptions. At the same time, it becomes ap-
parent that indicators address different aspects of operational plans, namely the performance
in terms of the product, and the performance in terms of logistics operations. This finding
suggests that the methodological considerations on which the scoring model has been devel-
oped in section 2.4.2 should indeed be considered during the measurement of disruptions. In
consequence, operational performance will be split into two separate constructs, namely “lo-
gistics performance” and “product performance”. Therewith, unidimensionality of measure-

% The questionnaire and the results can be found in the explanation volume.
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ment can be increased, which is of prime importance for correct measurement of underlying
constructs (Gerbing & Anderson 1988). Furthermore, the information content becomes larger,
as therewith also commonalities and differences in performance and in causal relations be-
tween different product groups can be identified. Finally, it allows for a validation of the pro-
cedure presented by the scoring model.

Additionally, three of the four basic dimensions of disruptions as understood and developed in
this thesis, namely qualitative, quantitative, and temporal deviations from the process plans
were addressed by the literature and considered important by the experts. However, the fourth
dimension was not addressed in the literature which can be attributed to differences in under-
standing and methodological foundation. Nevertheless, Bortz & Doring (1995) note that the
creation of a set of indicators should be based on both, practical, but also theoretical precogni-
tions. As previous empirical research on disruptions is scarce, no established operationaliza-
tions were encountered. Due to the specificity of the target population and the difficulty to
attract sufficient participants, no extensive pretesting with a sample of the targeted population
was possible, wherefore the set of indicators was amplified to assure that sufficient indicators
remained after quality evaluation of the main survey. In consequence, four more indicators
were developed and all were tested again during the pre-tests of the questionnaire with an-
other group of cold chain experts.

The first additional indicators were suggested by the pre-testers during the workshop and con-
cerned the correctness and completeness of documents. As the information flow has also been
identified as an important dimension in this thesis,”” they were also added as indicators for
disruptions in logistics performance. The third indicator was based on theoretical considera-
tions, namely to also cover the spatial dimension of disruptions in the survey. Optimal routing
in logistics for instance has gained a lot of attention by researchers during the last years (e.g.
Dethloff 2001; Hwang 2002; Kim, Lewis & White 2005) and is also considered to influence
significantly performance in cold chains (Custodio & Oliveira 2006). Furthermore, rerouting a
shipment of temperature-sensitive products implies that adequate infrastructure is required at
another location than the planned one. However, this is not always the case, as for example
the capacities or power suppliers of harbours differ partially substantially (van Dyk & Mas-
pero 2007). As a result, the continuous electricity supply is imperilled. Additionally, different
transit points can require different documentation, as regulatory requirements for food and
pharmaceuticals still differ considerably between countries (MacMaolain 2007; Majone 2000).
Such changes to the planned transport route could thus lead to the need to adapt shipping
documents and to delays if products are retained by customs clearance due to lacking or incor-
rect documentation. Therefore, incorrect routing was included as an indicator for disruptions
in product performance. Finally, as has already been highlighted during the development of
the scoring model, the packaging is an integral part of the product and should therefore also
be considered for the assessment of disruptions. Furthermore, in cold chains for pharmaceuti-

?  See e.g. sections 2.3.3and 2.4.2.
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cals, product quality might not be directly observed, but would have to be tested by laboratory
tests, wherefore packaging solutions are used to indicate quality of e.g. vaccines (Jain et al.
2003). Therefore, as another indicator for disruptions in product performance, packaging
damage was included for further tests. In consequence of the considerations above, the four
additional indicators were: incorrect routing, packaging damage, incomplete documents, and
inaccurate documents.

As disruptions are negative deviations, questions regarding their occurrence are quite delicate
and may imperil the correct measurement (Bortz & Doring 1995; Diekmann 2002). As a con-
sequence, participants in the survey could opt for giving socially desirable answers
(Miihlenfeld 2004), or drop out of the survey. This circumstance has been considered during
preparation of the survey in such a way that the items were formulated reversely. For example,
instead of asking for the extent of temperature excursions, participants were asked for the ex-
tent of temperature maintenance. Furthermore, the choice of subjective evaluations has been
reported in previous research to increase participation rates and was found to show high con-
vergence with objective measurements (Droge, Vickery & Jacobs 2012 and the sources
therein), wherefore this approach was favoured also in this context. The initial scale for dis-
ruptions in “logistics performance” and “product performance” are presented below:

Table 14: Initial measures of the construct “logistics performance”

ID Indicator
LP1 Punctuality (R)
LP2 Correctness of documents (R)
LP3 Completeness of documents (R)
LP4 Correctness of transport route (R)

Table 15: Initial measures of the construct “product performance”

ID Indicator
PP1 Temperature maintenance (R)
PP2 Product quality maintenance (R)
PP3  Accuracy of product quantity (R)
PP4 Integrity of packaging (R)

The resulting eight indicators of the two constructs were presented to the panel of cold chain
experts and slightly adapted based on their suggestions, which will be depicted in section
4.3.1. Whereas the four constructs presented here were either already based on empirically
validated scales or developed based on suggestions by the literature and the specific target
group, the indicators for measuring the constructs of the organizational structure required a
different approach, as will be illustrated in the following section.
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4.2.3  Operationalization of Organizational Structure

To generate a suitable set of indicators for each of the constituent elements of interactional
programming of positions, the organizational structure and logistics literatures were reviewed
to identify previous operationalizations. Subsequently, indicators from several existing and
tested scales were modified and complemented by further indicators. Throughout this process,
care was taken to avoid complicated formulations, such as long sentences, multiple negatives,
jargon or foreign wording (Schnell, Hill & Esser 2011). Furthermore, care was to be taken to
allow for unambiguous interpretability (Bortz & Doring 1995), which was tested extensively
in the following pre-tests. To avoid redundant illustrations, the sets of indicators will be pre-

sented after adaptation and refinement in section 4.3.1.'%°

In an initial step, literature on organization theory has been investigated regarding existing
operationalizations of the constructs. The topic of organizational structure and interaction has
thereby already gained a lot of attention in conceptual as well as empirical research.'®' How-
ever, as has already been noted by Remer 1989, the understanding of the variables partly dif-
fer substantially between one author and another, and also with reference to the terminologi-
cal system of this thesis. This is already evidenced by the understanding of coordination as
such, as illustrated for example by Cheng 1984. He observes that coordination is understood
basically along three lines of though: firstly, it is confused with cooperation, which would im-
ply that both parties have a common goal instead of some shared processes. Secondly, it is
confounded with organizational effectiveness, and thirdly, it is applied as both, structure and
process. These different understandings encountered by Cheng (1984) have already been ob-
served for the understanding of disruptions as illustrated in section 2.3.1 and stress the impor-
tance of a critical reflection of existing operationalizations of organizational structure. Never-
theless, some contributions included starting points for the development of scales to opera-
tionalize the constructs as understood here.

The first question which has to be answered is which elements of exchange are subject to pro-
gramming in interactions between supply chain partners. Thereby, several parts of exchange
can be differentiated. In a conceptual framework of inter-organizational relationships, Levine
& White (1961) base interactions on some kind of exchange between organizations, which is
voluntary and has the purpose to pursuit organizational objectives.'® In their context in the
health sector, they differentiate these exchanges into referrals of patient cases, resources such
as technical equipment or information related to cases or technical matters, written and verbal
communication, as well as joint activities. This understanding is similar to the understanding
of material and immaterial exchange processes in supply chains, as already described in sec-

19" The list of all indicators can be found in the explanation volume.

" E.g Lawrence & Lorsch (1967); Blau (1954b); Blain (1964); Blau (1954a); Blau et al. (1976); Aiken,
Bacharach & French (1980); Smith & Blau (1962); van de Ven & Ferry (1980); Levine & White (1961);
Hage, Aiken & Marrett (1971); Heide & John (1992); Heide & John (1988); Cadogan, Diamantopoulos &
de Mortanges (1999); Cheng (1984); Podsakoff & MacKenzie (1994); Kerr & Jermier (1978).

192" For a similar definition and differentiation of exchanges, see: van de Ven & Ferry (1980).
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tion 2.3.3. However, there seem to be two types of information involved in exchange proc-
esses, namely information directly associated with the object of exchange (i.e. patient cases),
and a more general exchange of information. In this context, Frese, Graumann & Theuvsen
(2012) state that coordination efforts can be reduced by the exchange of decision-relevant in-
formation between entities at interfaces. The same difference can be made in supply chains,
where on the one hand there is information directly associated with the product (i.e. shipping
documents), and a more general information exchange to coordinate the shipment.'®® Fur-
thermore, what Levine & White (1961) terms joint activities, could be understood as any ad-
ditional kinds of interactions. Thus, three main parts of interaction will be differentiated,
which can be subject to different designs of programming, namely:

= exchange of products and documents,

= information exchange, and

= general interaction.
The next point is to identify appropriate indicators for interactional programming as such.
Whereas intra-actional programming is captured for example by job descriptions (Hage,
Aiken & Marrett 1971) or written work programs (Podsakoff & MacKenzie 1994), interface-
specific instructions might not be captured by such stable and long-term instructions and have
to be separated from intra-actional programming for the purpose of this thesis. Remer (2005)
suggests such indicators as unification procedures in conflicts, lists of coordination tasks, or
reciprocal information duties. Hage, Aiken & Marrett (1971) in turn use scheduled committee
meetings as an indicator for interactional programming, whereas Heide & John (1992) refer to
prespecified agreements for information exchange. An extensively tested and validated indi-
cator for interactional programming in an inter-organizational context has been developed by
van de Ven & Ferry (1980), who refer to rules, policies, and procedures for coordinating
work activities. This indicator is less specific than the other ones, which has the advantage
that it can be applied to more contexts.

At the same time, more specific indicators would increase the information content regarding
how interactional programming takes place.'® However, as the set of participants in this sur-
vey is relatively heterogeneous, more precise indicators might put their applicability to the
specific context of each participant at risk. However, as the indicator by van de Ven & Ferry
(1980) has been developed explicitly for the inter-organizational context and not only for the
inter-departmental context as for example the one by Hage, Aiken & Marrett (1971), and has
been tested extensively in a longitudinal research program (van de Ven & Ferry 1980), it
seems to be a suitable starting point for this thesis. Additionally, as no literature was encoun-
tered, in which empirical research attempted to cover end-to-end food and pharmaceutical
supply chains, further specification and detailed analysis of more specific indicators is left for
future investigations.

1 See also section 3.4.2.
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The importance of harmonized procedures across interfaces in supply chains has long been
acknowledged in the literature (e.g. Houlihan 1987; Cooper & Ellram 1993; Ballou, Gilbert &
Mukherjee 2000). Especially the use of relationship-specific standard operating procedures
(SOP) is thereby seen as a facilitator of efficient task execution between suppliers and cus-
tomers (Subramani 2004). As opposed to procedures, rules and policies already incorporate
the notion of rigidity of formalization as understood by Remer.'® This seems also be the case
for the understanding of van de Ven & Ferry (1980) or Podsakoff & MacKenzie (1994), as
they differentiate on the level of indicators between rules and policies on the one hand, and
procedures on the other hand. As indicators should be as precise and short as possible
(Cadogan, Diamantopoulos & de Mortanges 1999), the objects of interactional programming
were consequently formulated as procedures for exchange of products and documents, proce-
dures for information exchange, and procedures for exchange processes.

As the six first order latent constructs are all measured reflectively, item pools consisting of
six items were developed for each of the constructs. Whereas the quantity of interactions has
already been operationalized with measures such as hours per day spend with coordinating
activities with other organizations (van de Ven & Ferry 1980), or frequency of information
exchange (Heide & John 1992), indicators for the level of detail of interactional programming
have not been encountered. This lack of operationalizations has already been noticed by
Remer (2005), who affirms that the existence or non-existence of interactions has already
been investigated, but not the degree of programming, not to mention preciseness or level of
detail. However, based on the understanding of level of detail as breadth of programming and
preciseness as depth of programming, indicators for the first one refer to the extensity of pro-
cedures for the entire range of activities related to exchange processes, whereas indicators for
the latter refer to the intensity of procedures for a specific step in the exchange processes.'*
Furthermore, the three different exchange processes as depicted above were considered during
the development of indicators, to cover the exchange processes in their full breadth.

According to Remer (2005), a high degree of standardization bears the risk of organizational
inflexibility. Flexibility of inter-organizational agreements in turn has been operationalized by
Heide & John (1992, p. 37) as:

= Flexibility in response to requests for changes is a characteristic of this relationship
= The parties expect to be able to make adjustments in the ongoing relationship to
cope with changing circumstances
= When some unexpected situation arises, the parties would rather work out a new
deal than hold each other to the original terms
In the context of this thesis however, a further differentiation is required, as on the one hand
the temporal standardization shall be analyzed, and on the other hand the standardization

104
105

See discussion of universality and determinateness in section 4.2.1.
See also section 3.4.2.
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without exceptions. Thus, whereas the validity without exceptions refers to the flexibility to
varying situations, temporal validity refers to how enduring once defined procedures are re-
garding past and future validity. Such a differentiation seems to be complicated based on the
indicators above, as flexibility is rather executed on a meta-level, where procedures can be
changed upon agreement, and does not specify the flexibility incorporated in the procedures,
to change the exchange processes in this specific interaction. However, these indicators could
be used as a starting point for the following adaption to this research context.

As another support for lack of unambiguous understandings of organizational structure, other
operationalizations of flexibility rather tab the understanding of rigidity used in this thesis.
Podsakoft & MacKenzie (1994, p. 707) for instance developed and tested twice a scale for
organizational inflexibility:
= In this organization, violations of rules and procedures are not tolerated
= In this organization anytime there is a policy in writing that fits some situation, eve-
rybody has to follow that policy very strictly
= In this organization, rules and policies are considered to be the law
= The policies and rules in this organization are followed to the letter
= In this organization, little flexibility is allowed in the interpretation of the policies
and procedures
= This organization takes a relaxed approach to rules and policies (R)
This scale of organizational inflexibility is thereby identical to the understanding of rigidity
by Remer (1989), which is expressed in formulations such as “not tolerated”, “very strictly”,
etc. Even though the scale was developed for an organizational context, the formulations ex-
pressing the rigidity of procedures were integrated and adapted to the current context.

Finally, for the range of addressees, again no operationalization was encountered. As the
range of addressees is regarded here in an inter-organizational context, the number of ad-
dressees who have to adhere to agreed procedures may not only encompass specific employ-
ees, but also departments, certain company locations, subsidiaries or even sub-contractors.
Therefore, the range of addressees may span only specific employees, but also everyone in-
volved in the transaction.

Based on the considerations above, indicators were developed and where possible, existing
scales integrated. However, in order to be suitable for the purpose of this thesis, the formula-
tions had to be adjusted to fit the cross-company context and to be better suited for the cold
chain logistics context. For instance, the formulation “in this organization” (Podsakoff &
MacKenzie 1994, p. 707) was eliminated and the subjects unified to maintain the use of pro-
cedures as basic unit of interactional programming. Subsequently, the indicators were pre-
tested to assure the quality of measurement and their suitability for the research purpose

19 see also: Cordes-Berszinn (2013).
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(Anderson & Gerbing 1991). The execution and results of the pre-tests are described in the
next section.

4.3 Execution of the Empirical Analysis
4.3.1 Description of the Pre-Tests

According to Anderson & Gerbing (1982), a proper specification of the measurement model
is required before the structural model can be meaningfully analyzed. Therefore, indicators
need to be carefully selected before estimation and testing of the model can take place (Chou
& Bentler 1995). In consequence, the developed indicators for the constructs of the interface
structure were tested based on the methodology suggested by Anderson & Gerbing (1991) to
identify which of the indicators adequately tab the intended construct.

In general, the development of indicators to measure latent constructs includes extensive pre-
testing with a large number of respondents (Podsakoff & MacKenzie 1994; Cadogan, Dia-
mantopoulos & de Mortanges 1999; Greving 2009). However, this might not be feasible, if
certain restrictions exist, for example regarding the accessibility or size of the target popula-
tion (Anderson & Gerbing 1991). These restrictions also apply to this research, as the target
population is highly specific, official contact lists are not available, and participants are not
contacted as private persons. This might increase the reluctance to cooperate, as intrinsic mo-
tivation might be lower, and participation interferes with their regular work. Therefore,
Anderson & Gerbing (1991) developed an alternative approach to assess the substantive va-
lidity of indicators, which is explained in the following.

Following Holden & Jackson (1979), substantive validity of indicators exist, if they are theo-
retically linked to the construct they should measure. To assess their validity, it has to be as-
sessed whether the indicators developed based on theoretical considerations and related litera-
ture are inter-subjectively correctly attributed to the intended constructs. An operationaliza-
tion is inter-subjectively reproducible, if constructs are defined unambiguously, are clearly
distinguishable, and exhaustive, so that in principle every encoder may attribute the indicators
without any problems (Bortz & Doring 1995). On this idea bases also the procedure suggested
by Anderson & Gerbing (1991), which requires a smaller group of pre-testers, yet where the
quality evaluation also leads to better results in subsequent confirmatory factor analyses.
Thereby, pre-testers familiar with the research context are provided with a list of definitions
of the constructs in everyday language, and the set of indicators developed based on theory
and literature reviews. Then, the pre-testers are asked to attribute the indicators to the con-
struct they deem to be most appropriate. Based on the results, the validity of indicators is cal-
culated and the scales refined for the subsequent use.

For the purpose of this research, fifteen pre-testers were asked to attribute the developed indi-
cators to the constructs, of which thirteen participated, which is in the range demanded by
Hunt, Sparkman & Wilcox (1982). All pre-testers were familiar with organizational research
in a logistics context, had a management or engineering background, and were either involved
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in logistics research or from the industry. Based on the comments and results of the first eight
pre-testers, some of the indicators were refined before being submitted to further five pre-
testers. The final choice of indicators to be included in the survey was then based on the so-
called substantive validity coefficient, which can be calculated as follows:

1) o=

csv = substantive validity coefficient
n. = number of correct assignments
n, = highest number of incorrect assignments

N = number of total assignments

Hence, the validity is not only based on the number of correct assignments, but also on the
number of assignments to the construct, to which it was most frequently wrongly assigned,
increasing therewith discriminant validity (Bagozzi & Yi 1988). To assess whether the value
for ¢ is statistically significant, thus whether the indicator measures reliably the intended
construct, a binomial test has to be conducted, which results in the acceptance or rejection of
indicators (Anderson & Gerbing 1991). For illustration, Anderson & Gerbing (1991) chose a
significance level of .05 level, whereas Miiller-Martini (2008) for instance conducted the test
at a significance level of .1. However, as the constructs of the interface structure are quite
similar, since they all describe another aspect of interactional programming, a lack of dis-
criminant validity might be more prevalent and therefore needs to be assessed more carefully
to allow for unambiguous measurement of the constructs. Under these circumstances, a sig-
nificance level of .05 is deemed more appropriate. According to Anderson & Gerbing (1991),
the test assesses whether the probability that the indicator is attributed to the intended con-
struct exceeds 50%. After collecting the results from the pre-tests, the correct and false attri-
butions were documented and the values of the substantive validity coefficient calculated. The
results of the tests can be found in Table 16.
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Table 16: Indicator pre-test results

SD1 13 11 2 .85 .69 TRUE DP1 13 10 | 3 .77 .54 TRUE
SpD2 13 10 3 .77 .54 TRUE DP2 13 10 | 3 .77 .54 TRUE
SD3 13 12 1 .92 .85 TRUE DP3 13 9 | 4 .69 .38 TRUE
SD4 13 13 0 1.0 1.0 TRUE DP4 13 2 11 .15 .69 FALSE
SD5 13 0 13 0.0 1.0 FALSE DpP5 13 1 12 .08 .85 FALSE
Sbe 13 7 6 .54 .08 FALSE DP6 13 10 | 3 .77 .54 TRUE
SElI 13 8 5 .62 .23 FALSE FA1 5 5 0 10 1.0 TRUE
SE2 13 7 6 .54 .08 FALSE FA2 13 10 3 .77 .54 TRUE
SE3 13 9 4 .69 .38 TRUE FA3 13 5§ 8§ 38 .23 FALSE
SE4 |13 12 1 | .92 .85 TRUE FA4 13 7 6 .54 .08 FALSE
SES 13 7 6 .54 .08 FALSE FAS 13 12 1 .92 .85 TRUE
SE6 13 8 5 .62 .23 FALSE FA6 13 8 5 .62 .23 FALSE
DD1I 13 9 4 .69 .38 TRUE FR1 13 12 1 .92 .85 TRUE
DD2 8 4 4 .50 0.0 FALSE FR2 13 12 1 .92 .85 TRUE
DD3 13 8 5 .62 .23 FALSE FR3 13 10 3 .77 .54 TRUE
DD4 13 7 6 .54 .08 FALSE FR4 13 8 5 .62 .23 FALSE
DD5S 13 9 4 .69 .38 TRUE FRS 13 13|/ 0 10 1.0 TRUE
DD6 13 7 6 .54 .08 FALSE FR6 |13 8 5 .62 .23 FALSE

ID[o]: Original ID of the indicator; p[sa]: Portion of correct assignments; c[sv]: Coefficient of validity; FALSE format-
ted italic: indicator re-formulated adapted bold: indicator selected for measuring the construct; SD: Standardization -
Durability; SE: Standardization - Exceptionlessness; DD: Degree - Level of Detail; DP: Degree - Preciseness; FA: For-
malization - Range of Addressees; FR: Formalization - Rigidity

All indicators showing to reliably tapping the construct at a .05 level of significance were se-
lected to operationalize the respective latent construct. Two more indicators, which did not
attain the required level of significance were maintained nevertheless due to the following
reasons. Firstly, they just fell short of one more correct attribution; secondly, they were cor-
rectly attributed by all the pre-testers of the second round after slight adaptations of defini-
tions, indicating that comprehensiveness increased considerably. Thirdly, even though con-
structs are frequently measured only by two reflective indicators (Marsh et al. 1998), the ap-
proach was favoured to have at least three indicators per construct and to exclude indicators
after the main survey if necessary. This procedure has also been acknowledged by Anderson
& Gerbing (1991) as being sometimes necessary in empirical research. The indicators high-
lighted in bold were hence included in the questionnaire which was then revised by industry
experts.'”” In consequence, the constructs were operationalized as follows:

197" For the description of the pre-tests of the questionnaire see section 4.3.2.
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Table 17:
ID

Detl

Det2

Det3

Table 18:

ID
Precl
Prec2
Prec3

Table 19:

ID
Durl
Dur2

Dur3
Dur4

Table 20:

ID
Invaril

Invari2

Invari3

Table 21:
ID
RoA1

RoA2
RoA3

Initial measures of the construct “level of detail”

Indicator

We have a wide range of procedures to consider for all aspects of the information ex-
change

There are procedures on the entire range of tasks concerned with the exchange of pro-
ducts and documents

We do not have procedures for every detail we need to exchange with each other (R)

Initial measures of the construct “preciseness”

Indicator
There are few specific procedures on single steps of exchange processes (R)
In important matters, procedures are very clear for checking products and documents
There are exact procedures on how to exchange information

Initial measures of the construct “durability”

Indicator
The procedures for exchanging information change frequently (R)
The procedures for product and document exchange have already been in use for a long
time
The procedures to exchange information were developed a long time ago

We expect the procedures for the exchange of products and documents to endure for a
long time

Initial measures of the construct “invariability”

Indicator
We agreed that under all circumstances, the procedures for exchanging the product and
documents are the same
The procedures consider various alternatives to one standard approach of information
exchange
Our exchange procedures do not vary a lot (R)

Initial measures of the construct “range of addressees”

Indicator

The procedures consider various alternatives to one standard approach of information
exchange
Procedures for information exchange are available to guide everyone involved

Procedures exist for everyone involved in the exchange processes
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Table 22: Initial measures of the construct “rigidity”

ID Indicator

Rigl The agreement contains penalties if procedures for the exchange of products and docu-
ments are not followed
Rig2 | Procedures for information exchange are considered to be the law

Rig3 | Any time there is a procedure for exchange processes that procedure must be followed
very strictly

Rig4 Violations of procedures for exchanging products and documents are normally tolerated
Source 20: (()I\ii]n operationalization based on Podsakoff & MacKenzie (1994)
As can be seen for example in Table 19, some of the items were coded in reverse order (R).
Thereby, the tendency of some respondents to give affirmative answers to every question
shall be counteracted (Greving 2009). Furthermore, as suggested by Anderson & Gerbing
(1991), the measurement scales were not included in the lists for pre-testing, as all items are
measured on standard scales which therefore do not require additional evaluation by pre-
testers, and which could lead to confusion during testing.

Each of the indicators was measured on a five point Likert scale ranging from 1 “strongly
agree” to 5 “strongly disagree” as for example suggested by Diekmann (2002). The so-called
Likert scale is the most frequently used scale in empirical social sciences (Schnell, Hill &
Esser 2011). Its advantages are for instance the relative simplicity and practical usability
(Diekmann 2002). Due to its wide-spread use, it might also enhance the easiness of respon-
dents to answer the questions correctly, as they might be already familiar with these kinds of
answers in surveys. The triangle problem of measurement requirements, which consists ac-
cording to Chmielewicz (1979) of reliability of measurement, validity of measurement, and
strength of measurement has therewith been solved in favour of valid and reliable measure-
ments. Even though the choice of metric scales would result in more unambiguous measure-
ment, their ability to cover interface structures is considered to be limited.'® In the majority
of the cases, the scale incorporates either five or seven points, whereby the five point scale is
used most frequently (Greving 2009). In order to reduce the complexity of the questionnaire
and to use consistent scales for all constructs measured by Likert scales, the five point scale
was also chosen for these newly developed indicators. In addition, a sixth response option was
provided, namely “not applicable”, as suggested by pre-testers and the literature (e.g. Russell
& Purcell 2009). This was deemed necessary, as not every question might have been relevant
to all supply chain segments, or to both product groups.

Based on the choice of operationalizations of the transaction type and disruptions as suggested
by cold chain experts, as well as the results of the pre-test, the actual questionnaire was de-
signed and again tested with experts from academia and industry. This phase will be described
in the next section.

1% See section 3.5.2.
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4.3.2  Description of the Questionnaire

The choice of submitting the questionnaire as a web-based survey also has some implications
for its design (Ma & McCord 2007) which will be discussed in the following. Thereby, im-
portant points will be depicted and their consideration in this research revealed.

Online surveys are web-based surveys, which allow for more flexible sequences of respond-
ing, depending on the answers provided by the participant (Jansen, Corley & Jansen 2007).
Thereby, questionnaires can be better tailored to each participant, increasing the comfort of
participants during completion of the survey. Furthermore, Miihlenfeld (2004) suggests the
use of a central server, because the security of the data is enhanced, as the data is then saved
on the server and therefore not affected in case of a local computer crash. Security is indeed a
point which requires considerable attention in online surveys (Jansen, Corley & Jansen 2007)
and should also be considered during the choice of an online survey tool.

For the purpose of this thesis, the online survey tool Unipark was chosen, as it has been de-
veloped for the needs of research institutes, offers comprehensive guidelines and question
templates at low costs for students. Furthermore, the provider is certified by the German TUV,
is equipped with doubled electricity supplies (e.g. to avoid data losses in case of blackouts)
and offers a 24 hours site security service.'” Therefore, the risks of data losses or fraud were
considered to be relatively low. The choice of a survey platform developed for the needs of
academia was also considered to enhance the willingness of potential participants to take part
in the survey, as it might increase confidence in authenticity of academic purpose (Lang 2007).

Even though the tool offers the possibility to attract potential participants via logos and links
put on websites frequented by the target population, it also offers the possibility to invite po-
tential participants manually. As the target population is highly specific, the active sampling
method was chosen as opposed to the self-sampling method (Jansen, Corley & Jansen 2007).
By choosing an active and selective sampling method, the representativeness for this specific
population is increased (Beidernikl & Kerschbaumer 2007) and the risk of biased results re-
duced. Furthermore, by personalizing invitations and addressing each person by its name,
prior research found positive effects on response rates (Lang 2007). Therefore, participants
were sought actively, bearing the additional efforts necessary to boost the number of respon-
dents.

In general, a questionnaire comprises three main parts, which are the cover page with the in-
troduction to the survey, the body of main questions, and the finish page (Ma & McCord
2007). As suggested by Lumsden (2007), on the cover page, the topic, objectives, benefits and
procedure were shortly summarized. Furthermore, she highlights that the organization respon-
sible for the questionnaire should be clearly visible, wherefore the logo of the university was
incorporated and shown on every page of the questionnaire. In order to increase the motiva-
tion to complete the questionnaire, potential participants were informed that they could re-
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quest the summary of results at the end of the questionnaire, as has been suggested by
Miihlenfeld (2004). Therewith, it was intended to reduce the risk of drop outs and increase
careful completion of the survey. The assurance of privacy and security of data should also be
mentioned, as these issues may be additional barriers to participation (Gurau 2007; Lumsden
2007). The objective of this introduction page was thereby to increase the interest of potential
participants and their motivation to participate.

The structure of the main question part should be designed in such a way that at the beginning,
relatively easy and uncritical questions are asked to reduce suspensions and provide an easy
start (Bortz & Doring 1995; Miihlenfeld 2004). Therefore, the questionnaire started with sta-
tistical information required from the participant. Even though the potential participants were
selected and checked beforehand, a second screening test was performed to reduce the risk of
unqualified responses (Lumsden 2007). This could have been the case, if for instance the tar-
get person forwarded the access link to somebody else in the company, who might lack the
experiences required. Therefore, respondents were asked for their years of experience in han-
dling temperature-sensitive products, their departmental affiliation in the company, and for
the time spent on planning, monitoring and optimizing cold chain operations with different
stakeholders. The most important criterion for evaluating the quality of responses was thereby
the third question, as it reflects to what extent the person is directly involved in cold chain op-
erations and may adequately assess the extent of programming.

Next, some questions should be asked which are easy to answer and have the purpose to in-
crease the interest by the respondents (Diekmann 2002; Kuckartz et al. 2009). These questions
were concerned with the use of cold chain-dedicated equipment or managerial practices by the
company in general. Therewith, similarities and differences between supply chain segments,
but especially between product groups were tried to be captured regarding the degree of spe-
cialization. Furthermore, prior discussions with cold chain experts revealed a substantial in-
terest in such information, wherefore it also serves the purpose to raise interest.

Then, the questionnaire should continue with the main body of questions (Ma & McCord
2007). In this case, this section comprised the main questions referring to the interface design
and performance. As disruptions occur not in every transaction, respondents were asked to
think of the most recent transaction where a disruption occurred and to answer the questions
based on this case. By focussing on a specific case, the intention was to reduce the risk that
respondents undeliberately mix characteristics of different transactions, which would result in
biased results. At the same time, if respondents would only be asked to describe the most re-
cent transaction, then the probability of obtaining biased results would be high, as firstly, re-
spondents might tend to choose a very positive case, secondly, because the unambiguous
separation between disruptions and regular performance would become difficult. However, as

19 see: http://www.unipark.com/63-1-efs-survey.htm.
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disruptions are defined as significant deviations,'' the significance of deviations can only be
evaluated by comparing them to regular performance. Therefore, respondents were asked to
describe another case, where operations were realized as planned.

Hence, to avoid biased results and to be able to unambiguously identify disruptions in the first
place, the questionnaire included the main questions twice, once for the description of a regu-
lar transaction, and once for describing a case where a disruption occurred.

The regular transaction was the first case to be described by the respondents, as research on
questionnaire design showed that difficult questions should be asked at about one third of the
questionnaire (Diekmann 2002; Lumsden 2007), whereas critical questions should appear at
two thirds of the questionnaire to reduce drop outs (Bortz & Doring 1995; Miihlenfeld 2004).
Thus, when the critical transaction was asked for, respondents were already familiar with the
questions from the first case and were already at a point, where a drop out would have re-
sulted in high sunk costs due to the loss of gratification (Bortz & Déring 1995). Furthermore,
by describing a case with decent performance before describing a case where a disruption oc-
curred, respondents were able to compare the second to the first case, resulting in less am-
biguous responses.

Finally, for the end of a survey, Bortz & Doring (1995) suggests easy questions, as the con-
centration by respondents is decreasing. A suggestion by Lumsden (2007) is to offer respon-
dents a possibility to provide feedback or to ask questions, which may also indicate problems
encountered during completion to be considered for the analysis. Therefore, after the second
case, respondents were asked for general remarks regarding the survey, further research to be
conducted in the area, and their opinion about how to yield superior performance in cold
chains. Additionally, they were asked whether they would like to receive a summary of the
analyzed findings and whether they would be available for further questions. In both cases,
they were asked to leave their e-mail address, as otherwise no identification of the participant
was possible. On the final page, gratitude for participation was expressed as well as informa-
tion on the further use of the data provided (Gurau 2007; Lumsden 2007).

Regarding the general design of the questionnaire, questions were distributed on several pages
to increase clarity and reduce information overload for respondents (Miihlenfeld 2004; Lums-
den 2007). Another important point for orientation and motivation is a completion bar
(Miihlenfeld 2004; Ma & McCord 2007), which was integrated on the top right of each page.
Pages were coloured only subtly, to further increase clarity of the questionnaire and to reduce
respondents fatigue (Ma & McCord 2007). Apart from the feedback question, all questions
were asked in a closed form to increase easiness to answer as well as objective interpretability
of the results (Bortz & Doring 1995).

After compiling a questionnaire, previous research suggests that it should be extensively pre-
tested, to assure its technological functionality (Lang 2007), content validity (Ma & McCord

10 See section 2.2.3.
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2007), and comprehensiveness (Lumsden 2007). Therefore, in a first round, the questionnaire
was tested by other researchers to increase its comprehensiveness and content validity from a
methodological point of view, but also regarding accurate wording in English. These re-
searchers were experts in the field of organizational theory, questionnaire based research, and
research in food supply chain management. Based on their comments, the questionnaire was
adapted and a second round of pretesting conducted.

The second round of pre-tests was conducted with five practitioners. These were mainly ex-
perts of cold chain logistics, which did not belong to the target group, but being software or
equipment providers, consultants, or not involved in logistics operations. With two of them,
the questionnaire was tested during a telephone interview, whereby the comments were di-
rectly put into the comments boxes provided by the tool. Based on these comments, the ques-
tionnaire was again slightly adapted to increase comprehensiveness and tailoring to fit cold
chain logistics.''! After having received and incorporated feedback by all of the pre-testers,
the questionnaire was subsequently ready for conducting the main survey, which will be pre-
sented in section 4.3.3.

4.3.3  Execution of the Main Survey

An important point to assure that the empirical investigation can be interpreted and general-
ized to the basic population successfully is the determination of optimal sample size (e.g.
Diekmann 2002; Schnell, Hill & Esser 2011; Backhaus 2011). However, the optimal sample
size can only be determined, if specific hypotheses have been formulated including effect
sizes (Bortz & Doring 1995). Since this research cannot build on prior investigations, such
specific hypotheses cannot be formulated reasonably, wherefore it is rather exploratory in na-
ture (Kromrey 2009). Furthermore, due to the lack of statistical information on general char-
acteristics of the target population, the determination of optimal sample size is restricted fur-
ther. Additionally, John & Weitz (1988) even argue that representative samples and large
sample sizes should be sacrificed to test the assumption by transaction cost theory and to ob-
tain detailed information. This is also consistent with the identified research gap in section 1.2,
which is positioned on a relatively low level of universality, but therefore on a relatively high
level of preciseness.''? Therefore, the determination of an optimal sample size can only rely
on general requirements for the application of statistical analysis.

These include the need to test causal paths for significance, to assess whether the proposed
relation is confirmed or can be falsified. This requires in general significance tests, which as-
sume normal distribution of the values in the basic population (Janssen 2012). However, even
if normal distribution cannot be assumed, many statistical measures exist which may assess
the significance of paths between latent variables nevertheless (Cheung & Lau 2008). Fur-
thermore, if the number of observations is sufficiently large, i.e. if n > 30, then the distribu-

11
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The final questionnaire can be found in the explanation volume.
See Figure 3.
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tion of t-values can be approximated with the standard normal distribution (Janssen 2012).
Therefore, even though an optimal sample size cannot be determined, the basic objective is to
obtain at least 30 participants, to assure the validity of findings.

As suggested by Lumsden (2007), several types of media were used to contact potential par-
ticipants. Firstly, attendees of sector-specific conferences and exhibitions were considered to
be an appropriate starting point, as they belong most probably to the target group, have a pro-
fessional interest in the topic, and their company affiliation as well as their positions can be
identified via business cards or name tags. Therefore, potential participants were sought at a
major international logistics fair, where companies belonging to the cold chain logistics field
were contacted at their booth. Where possible, appropriate candidates were invited directly, in
other cases, company representatives established the contact with potential participants via
mail or phone. To allow potential participants a thorough consideration of the request, a flyer
was composed and distributed, which summarized the research purpose, as well as relevant

. . . . 3
information on the university and the researcher.''

Furthermore, direct contacts were considered to increase the probability of participation, as
questions could be directly answered and the nature of the survey explained. Therefore, sec-
ondly, managers involved in the preparation, monitoring, and optimization of cold chain lo-
gistics for food and pharmaceuticals were contacted during several cold chain-specific confer-
ences, and informed about the survey. To this purpose, flyers were again distributed indicat-
ing the scope of the project, the proceeding, benefits for participants, as well as additional in-
formation on the researcher and the university.

Furthermore, overall ten associations were contacted and asked for their collaboration. Of
those, five were representing food producers or retailers'', and five represented cold chain

g : NI
logistics service providers .

Of those, three supported this research project by sending the
flyer to their member base, publishing the flyer in their newsletters, or providing contact de-
tails of their members and affiliates. As has been suggested by Jansen, Corley & Jansen (2007)
these contact lists were further refined by visiting the websites of companies to assess whether
they belonged to the target group or not. Furthermore, where several contacts were provided
for one company, the profiles of each contact were compared and appropriate one’s selected.

Additionally, calls for participation were published in cold chain logistics-related and fresh

116

food-related forums on LinkedIn, a social network for professionals’ ”, and on a website for

producers of agricultural products.''” The objective thereby was to amplify the scope of po-

2 The design and content of the flyer followed the suggestions by Gurau (2007) on ethical principles of online

surveys.

World Farmers® Organisation, PMA, Centraal Bureau Levensmiddelenhandel, Papaya and Mango Produc-
ers & Exporters Association, Fresh Produce Exporter's Forum.

5 JATA, CCA, GCCA, ECSLA, Transfrigoroute.

"% Cool Chain Association - Discussion Forum http://Inkd.in/PdK72w and Fresh Produce Industry Discussion
Group http://Inkd.in/_ utZWB.

http://www.poscosecha.com/es.
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tential participants to include more geographic areas. Furthermore, managers were also en-
couraged to distribute the flyer to their professional network or to directly establish a contact,
whereby more participants were obtained. Therewith, potential participants were intended to
get contacted, which were not participating in professional networking events, associations, or
discussion groups.

Overall, 590 e-mail addresses were obtained. This list of e-mail addresses was corrected for
persons not belonging to the target group (e.g. academics, representatives from NGOs, or
managers without logistics or supply chain focus), and for companies not belonging to the
target sector (e.g. software providers, consultancy, equipment manufacturers). Finally, 348 e-
mail addresses were identified as belonging to managers of the target group and included in
the database. This number of potential participants was then further adapted during the online
survey by deleting those who could not be reached, and by adding people asking to participate.
Finally, the adjusted overall sample consisted of 338 potential participants.

As prior research indicates that response rates are highest at the beginning of the week and
declining towards the weekend (Ma & McCord 2007), the invitation e-mails were send out on
a Monday morning. Personalizing e-mails and contacting participants before the main survey
has been shown in prior research to have a positive effect on response rate, as well as sending
out multiple reminders (e.g. Schaefer & Don A. Dillman 1998; Cook, Heath & Thompson
2000; Sheehan 2001). Therefore, as for the majority of participants, first name and family
name were available, these contacts were addressed personally and where appropriate, it was
referred to previous encounters, to distinguish this survey from potential other inquiries.

The initial e-mail contained as the previous hand-outs a summary on the research topic, the
proceeding, benefits for participants and additional information on data handling. Furthermore,
each e-mail contained a personalized link to the survey, to better control the field of partici-
pants and to be able to send out specific reminders. The optimal number and frequency of re-
minders is still up for discussion, since Cook, Heath & Thompson (2000) for instance mention
beneficial, but also declining benefits of reminders, if potential participants are contacted too
often. Therefore, reminders were send every second week on Monday mornings, to boost the
response rate. A final reminder was send two days before the survey was closed, to inform the
remaining potential participants about the end of the survey. Overall, the survey was accessi-
ble for six weeks to allow participants to schedule their completion of the questionnaire with
some extra time, as many participants were expected to be on holiday during this period. As
has already been noticed by others, e.g. Lang (2007) and Ma & McCord (2007), response
rates differed considerably during the period of the survey, as can be seen in Figure 35.
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Figure 35: Total and completed response rates during the survey period
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Overall, 96 participants started to complete the survey, and 60 participants completed it,
yielding a response rate of 28.4% and a completion rate of 17.75%. Response rates in web-
based surveys are in general rather moderate or poor (Fricker & Schonlau 2002) and were
found to be continuously declining, with response rates below 28% rather common (Sheehan
2001).

Considering that the target group was highly specific, and participants were asked to complete
the survey during their work time, this result seems to be quite satisfactory and is comparable
to results in other industrial settings (Powell 1996; Diamantopoulos & Winklhofer 2001). The
results of the survey will be depicted in the next section.

4.4 Description of the Findings from the Cold Chain Survey
4.4.1 Overview on Evaluation Criteria to be Applied to the Sample

According to Schnell, Hill & Esser (2011), already a small amount of units of investigation
and a small amount of variables provide as much information that maintaining an overview
without quantitative analysis is rather impossible. Considering that in total, more than 100
questions were included in the survey and 96 participants at least started the survey, the
amount of information provided has to be structured in a systematic way. To this purpose,
Diekmann 2002 proposes a step-wise approach to analyze the data, which will be followed

here, and which will be explained and applied in the next paragraphs.''®

The first step of data analysis is the coding and transfer of data from the information storage
medium into a data file for the later analysis (Diekmann 2002). Codification of questions and
answers helps thereby to structure large amounts of data and to avoid errors during data
analysis (Schnell, Hill & Esser 2011). The variable names automatically generated by the

"8 The complete plan and additional information can be found in Dickmann (2002 pp. 546-548).
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software were re-coded for better interpretability and easiness of use during the following
analysis.''® As the answers by respondents were stored on the server provided by Unipark, the
data was downloaded after the termination of the survey into an Excel database, containing an
ID for every participant and all information provided by the respondent.'*

The second step proposed by Diekmann (2002) is the control and exclusion of defective data.
In this context, Diekmann (2002) and Schnell, Hill & Esser (2011) stress the importance of
controlling firstly the data set for logical breaks, if for instance values occur which do not
make sense. During this analysis, it turned out that the 6-point scales used were in part disar-
ranged, as some scales included higher values or disarranged sequences of the items. This er-
ror has apparently been caused during the creation and optimization of the survey during the
preparation phase, as rewording of items and deleting older versions of items led to new val-
ues attributed by the software to the respective item. However, since the values attributed
were depicted in the codebook automatically generated by the software, affected scales could
be easily identified and adapted.

Secondly, this task contained the deletion of all data sets, where not at least the eligibility cri-
teria had been completed and all questions answered for at least the first case. However, apart
from drop-outs, another issue in obtaining qualitatively useful answers are those sets of re-
sponses, where respondents simply “click through” the questionnaire (Miihlenfeld 2004, p.
85). In order to further increase the quality of the obtained information, every set of responses
on successful and unsuccessful transactions was therefore checked regarding the involvement
of the respondent, by testing for standard deviation of provided answers. In those cases, where
all answers were identical, the probability of biased responses was deemed to be high and the
cases were therefore excluded from further analysis.'?! This resulted in the deletion of one
case of successful transactions, and two cases of unsuccessful transactions.

Thirdly, data sets, where respondents could not be attributed to the target group had to be ex-
cluded from the sample. However, none of the respondents failed to meet these criteria estab-
lished in section 4.3.2. Additionally, as the vast majority of respondents left their e-mail ad-
dresses in order to obtain a summary of the findings, these were also checked to see whether
these e-mail addresses indicated participants not belonging to the target group. In conse-
quence, no evidence for responses by people from outside the target group could be found.

Fourthly, where respondents answered questions with “not applicable”, a suitable method for
coping with these values was required, as most data analysis procedures are not designed for
dealing with missing values (Schafer & Graham 2002). However, before deciding on how to
deal with these missing values, it had to be assessed, whether values are missing completely
at random or in a systematic way, which would lead to biased results when data is replaced
(Enders 2010). Therefore, Enders (2010) suggests conducting firstly a Missing Completely at
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The original codes and modified codes can be found in the explanation volume.
The complete data set can be found in the explanation volume.
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Random (MCAR) test to interpret the nature of missing values. Two of the advantages of this
test are that it is firstly rather unaffected by non-normal distributions and secondly, that it is
also rather unaffected by small sample sizes (Little 1988). Therefore, this test seems to be
suitable as preparation for deciding on how to deal with missing data.

As has been noted by Schafer & Graham (2002), deleting data case-wise may result in biased
results, as do other techniques such as mean replacement or single imputation methods. Ac-
cording to Enders (2010), one of the most applied mechanisms to handle and replace missing
values is the so-called estimation-maximization (EM) algorithm, which is according to Long-
ford (2008) more practical than for instance multiple imputation in settings with relatively few
statistical procedures. Furthermore, its general nature and integration in many standard statis-
tic tools allows its application to many different problems, which also explains its preferred
use by many different researchers (Schafer & Graham 2002). Considering the relatively small
sample size, the limited number of statistical procedures to be performed, the maturity of the
method and its easiness of use, the EM algorithm will also be applied in this case.

The re-coding of data and transformation of single variables into scales or indices is part of
the third step of data analysis. This step includes re-codification of reverse-coded items,
grouping of variables into broader categories, and the evaluation of indicators for the subse-
quent inclusion into measurement models for latent variables (Dickmann 2002).'** After the
scales have been transformed appropriately, the data set was split into several categories for
the subsequent analysis.

The first set comprised the information on respondents, companies, and introductory ques-
tions. This set will be used in the following for the general description of the field of respon-
dents and the characteristics of the cold chains included in the survey. The second set of data
comprises the answers to the first case, hence the example for a successful transaction,
whereas the third set comprises the unsuccessful case. Therewith, the characteristics of the
successful transaction can be compared with those of the transaction where a disruption oc-
curred, to identify commonalities and differences with the help of descriptive and analytical
statistical methods. However, before being able to analyze causal relations between latent
variables, firstly, the quality of measurement models and structural models has to be evaluated
and assured (Bortz & Doring 1995). Since these quality criteria are the same for both sub-
samples, the criteria will be depicted in the following paragraphs, before the results of their
application will be illustrated.

The choice and interpretation of quality criteria for measuring latent variables is a much dis-
cussed topic in the literature, due to the large amount of different criteria and interchangeably
used terms (Churchill, 1979). In order to assess the quality of the indicators, as well as of the
latent constructs in the context of SEM, Goétz, Liehr-Gobbers & Krafft (2010) propose five
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The results of the involvement test can be found in the explanation volume.
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The cleaned data set can be found in the explanation volume.
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evaluation criteria: content validity, indicator reliability, construct reliability, convergent va-
lidity, and discriminant validity.'*® Therefore, in the following each of these points will be
discussed and suitable quality criteria for each purpose derived.

The first evaluation criterion mentioned by Gotz, Liehr-Gobbers & Krafft (2010) is the con-
tent validity of each indicator. It involves the logical analysis of indicators and whether they
can be reasonably applied to measure what they are supposed to measure (Peter 1981). The
evaluation of content validity has already been conducted during the pre-tests of the indicators,
which resulted in the deletion of unsuitable indicators and the identification of valid ones. As
all other scales used have already been empirically tested and validated also for this research,
the content validity of indicators seems therefore to be given.

The next criterion is the indicator reliability, hence how well an indicator tabs the intended
construct, and for which the factor loadings and error variances can serve as an indicator
(Bagozzi & Yi2012). This implies that for loadings of the latent constructs on an indicator of
established scales, values larger than 0.7 are acceptable (Gotz, Liehr-Gobbers & Krafft 2010).
However, others authors qualify this threshold by naming values of 0.4 to 0.5 as sufficient
(Backhaus 2011), while others specify that for new developed measurement models, values as
low as 0.4 are acceptable (Hulland 1999). As the majority of measurement models applied in
this research have been newly developed, this lower threshold seems thus to be applicable. In
addition to high loadings on the intended constructs, indicators should also inhibit low cross-
loadings on other constructs (Diamantopoulos & Siguaw 2006). Therefore, those indicators
with loadings higher than 0.4 are further investigated regarding potential cross-loadings.
However, some authors stress that indicator reliability is in general less relevant than the
overall ability of the indicators to measure the intended construct adequately (Fritz 1995;
Bagozzi & Yi 2012). Therefore, more attention should be paid to the next point, namely con-
struct reliability.

Construct reliability refers thereby to how strongly associated indicators of the same con-
struct are with one another and can be measured by Cronbach’s Alpha coefficients higher than
0.6 (Gotz, Liehr-Gobbers & Krafft 2010). Another important indicator for construct reliability,
which draws on standardized loadings and measurement errors of each item, is the composite
reliability which should take values of 0.7 and higher (Shook et al. 2004). Nevertheless, as
Bagozzi & Yi (2012, p. 17) put it, such “cut-off values” for indicator and construct reliability
should in the case of SEMs be applied more carefully and less restrictive, as the focus should
lie on the hypotheses under scrutiny and therewith on the overall model rather than its parts.

Convergent validity refers to how well a construct is measured by its indicators and is repre-
sented by a strong correlation between measures and the respective construct (Duarte & Ra-
poso 2010). It implies that each indicator loads with a significant t-value on its latent con-

1 For similar evaluation criteria see e.g. Fornell & Larcker (1981); Bagozzi & Yi (1988); Anderson &

Gerbing (1988).
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struct, hence, with values over 1.96 (Gefen & Straub 2005; Backhaus 2011). Convergent va-
lidity is generally assessed by the average variance extracted (AVE), which should take val-
ues greater than 0.50, as this indicates that a higher amount of variance is attributed to the
construct instead to measurement error (Fornell & Larcker 1981). Both, Cronbach’s Alpha
and AVE are thereby criteria for construct reliability and convergent validity (Fritz 1995), and
indicate how closely related these criteria are.

The importance of the AVE is also stressed by the next criterion, namely discriminant valid-
ity. In this context, Bollen & Lennox (1991) state that correlations between indicators of the
same latent construct should be higher than between indicators of different latent constructs.
However, they admit that no established thresholds exist for the extent of difference between
correlations. According to Fornell & Larcker (1981), discriminant validity is satisfied if the
AVE is larger than the squared correlations of the latent variable with any other latent variable
in the model.

After evaluating the quality of the measurement models, Anderson & Gerbing (1982) stress
that also the causal model has to be subject to a quality control. A logical indicator for the
quality of the structural model has been claimed to be the determination coefficient R? of the
endogenous variables (Gotz, Liehr-Gobbers & Krafft 2010). However, as Backhaus (2011)
states, there is no definite value of R* to assess the quality of the model, but that it rather de-
pends on the research question which value seems to be appropriate. Given that disruptions
can be highly contingent and prone to multiple complex causal reactions high values of R? are
rather unexpected.

Even though all measurement models are reflective models in the first order, the latent second
order constructs of degree, standardization and formalization of interactional programming
also warrant some kind of quality evaluation. However, formative constructs partly require
different quality criteria, as the underlying construction and measurement logic is different
(Diamantopoulos & Siguaw 2006). Criteria named here by Gotz, Liehr-Gobbers & Krafft
(2010) are content validity, indicator reliability, and construct reliability. However, what has
to be kept in mind is that these formative second order constructs are made up by reflective
first order constructs, which has been categorized by Jarvis, MacKenzie & Podsakoff (2003)
as type Il second order models. The applicability of the general criteria for formative models
has therefore to take into account the special considerations and limitations of the nature of
measurements (Fritz 1995).

As in the case of reflective indicators, content validity of the formative constructs has been
checked firstly by building on the relevant literature. Indicators of formative constructs should
thereby not only be assessed based on empirical measures, but also and foremost based on
theoretical considerations (Bollen & Lennox 1991). To assure that the construct is covered in
its entire breadth by its composing indicators, the definition of the construct and the coverage
by its indicators have to be carefully prepared (Diamantopoulos & Winklhofer 2001). There-
fore, since the constructs have been defined and investigated in detail in the previous sections,
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and since the indicators of the first order constructs are subject to thorough empirical evalua-
tion, content validity is deemed to be established.

Indicator reliability refers to the weight of every indicator on the formative construct, and
should be compared between the indicators of the same construct to assess their relative im-
portance (Gotz, Liehr-Gobbers & Krafft 2010). Nevertheless, since indicators of formative
constructs should not be deleted out of measurement theoretic assumptions (Hollnagel 2008)
these values should be rather seen as information instead of a decision criterion. Another cri-
terion mentioned by Goétz, Liehr-Gobbers & Krafft (2010), is the variance inflation factor
(VIF), which can be used to identify significant multicollinearity between indicators of the
same formative construct. As a rule of thumb, VIF values larger than 10 indicate strong multi-
collinearity and may require corrective action (Kleinbaum et al. 2007). However, in case of
second order models, Bagozzi & Yi (2012) note that high correlations between latent first or-
der variables should prevail, to reason the aggregation into second order models. Nevertheless,
since they do not specify what high correlations are in such a case, correlations will be calcu-
lated, to see whether constructs do not correlate at all.

Construct reliability can be assessed by the use of multiple-indicators multiple-cause
(MIMC) models (Gotz, Lichr-Gobbers & Krafft 2010), for instance by either including re-
flective indicators to measure the construct in a different way, or by including endogenous
constructs, which are measured reflectively and which are caused by the formative constructs
(Bagozzi & Yi2012). As in this research, disruptions are operationalized with two reflectively
measured constructs, this criterion is therefore considered as fulfilled.

Whereas the majority of criteria are specified with the help of some thresholds, others are left
to the evaluation in the respective context. Therefore, where specific thresholds are missing,
comparisons with similar research shall provide the basis for evaluating the quality of the
models. Now that the quality criteria on the level of single values, response sets, indicators,
constructs, and models have been specified, the next sections depict the execution of these
steps on which the final step by Diekmann (2002) is based, namely the statistical analysis of
distributions and relations. Thereby, sections 4.4.2 and 4.4.3 will illustrate the prepared data,
before the data will be analyzed in section 4.5. For a better overview on the tasks for the data
analysis, summarizes the proceeding to be followed in the next sections.
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Figure 36: Proceeding to evaluate and analyze the data

Step 1: = Download of Data Into Excel
Coding & Transfer of Data = Adaptation of Automatically Generated Codes

Analysis of Data Regarding Logical Breaks

Check for Completeness of Data & for Biased Responses
Evaluation of Respondents Profile

Evaluation of Missing Data with MCAR Test
Completion of Data with EM Algorithm

Step 2:
Control & Exclusionof
Defective Data

Step 3: = Re-Codification of Reverse-Coded Items
Re-Codingof Data & = Separation of Data Sets into Descriptive Data, Best Case & Worst Case
Transformation = Evaluation of Measurement Quality Criteria
Step 4:

= Choice of Statistical Methods & Tools

Statistical Analysis of = Analysis & Comparison of Cases

Distributions & Relations

Source 21: Own illustration; proceeding based on Diekmann (2002)

As the choice of statistical methods partly depends on the results of previous process steps,
methods and selection will be described before description of causal findings in section 4.4.3.

4.4.2  Illustration of the Sample and Sub-Groups

According to Schnell, Hill & Esser (2011), data analysis in social sciences always starts with
the illustration of collected variables and some descriptive statistics of interest. Therefore, af-
ter application of the quality criteria, the demographic and professional profile of respondents
will be depicted in the following, to gain insights on the range of participants and their disper-
sal among cold chain segments, product groups, and job profiles.

Based on the assessment of the overall data set and the established quality criteria, 35 data
sets were excluded from further analysis due to a large amount of lacking data. The total drop-
out rate was 37%, which does not seem to be high considering that participants were filling
the questionnaire in during their work time, where interruptions by other tasks and inquiries
seem to be likely and frequent. It seems noteworthy that 16 participants dropped out already
on the welcome page and the first page, where respondents were asked about their experience
in the sector and their affiliation. Here, one possible explanation is that these participants
clicked on the link out of curiosity, but felt not addressed by the topic and sought target group.
Another six dropped out when asked about technologies applied during transactions, and an-
other four on the introductory page for the questions on the recent successful transaction.
Hence, the majority of drop outs took place at the beginning of the questionnaire, before the
questions of interest were asked.

Even more, none of the respondents dropped out at the beginning of the disruption case, and
only one respondent dropped out afterwards, which indicates that there were little objections
to answer questions on negative experiences. Nevertheless, during the analysis of standard
deviations, two respondents had standard deviations of zero for the entire worst case, whereas
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one respondent had a standard deviation of zero for the best case, but was more involved in
the second case.'** Consequently, these three cases were excluded from the causal analysis.

Hence, to assess whether the data is missing completely at random, or involves systematic
bias, with the remaining data sets, Little’s MCAR test was performed using SPSS.'?* For both
cases of transaction, all indicators were tested for systematically missing values, yielding a

Lo . 12
non-significant result in all cases.'?®

Figure 37: Number of indicators by percentage of missing values and MCAR test results
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Based on these results, it is thus possible to replace missing data instead of deleting the entire
data set. As in empirical research, the objectives innovation and information content are con-
sidered as being more important than proximity to truth (Chmielewicz 1979), elimination of
data sets shall therefore be avoided. Hence, in the next step, the EM algorithm was applied.

The EM algorithm comprises two general steps. In the first step (expectation-step), the values
for missing data are estimated based on observed values. In the second step (maximization-
step) the model is then adapted to these new values and the process repeated until no further
improvements are obtained (Dempster, Laird & Rubin 1977). The procedure has been con-
ducted with SPSS, and missing values from the original sample replaced.'?’ Therewith, a
cleaned and completed data set has been obtained for the subsequent data analysis.

The remaining sample consists of 61 respondents, which will be illustrated in the following
starting with the profile of respondents. In order to learn more about respondents, they were
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The results of the involvement check can be found in the explanation volume.
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SPSS is one of the most frequently used statistical software programs used in social sciences Diekmann
(2002); Schnell, Hill & Esser (2011). For further information, see:
http://www-01.ibm.com/software/analytics/spss/.

The results of Little’s MCAR test can be found in the explanation volume.

The resulting data set can be found in the explanation volume.
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asked to state their years of experience in handling temperature-sensitive products, as well as
their departmental affiliation. The results can be found in the figure below:

Figure 38: Experience with temperature-sensitive products and departmental affiliation
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As can be seen above, 22 respondents have more than 15 years of experience in handling
temperature-sensitive products. The remaining 39 respondents have on average 8 years of ex-
perience. The five respondents who did not indicate their years of experience were double
checked to see whether they fit the target group. As all of them indicated to spend a consider-
able amount of time on cold chain planning, monitoring, and optimization, they were conse-
quently not excluded from the sample. Regarding the four other groups, the ascending distri-
bution seems noteworthy, suggesting that while all ranges have been covered, respondents in
general tent to have a long standing record in handling temperature-sensitive products.

Regarding the departments to which respondents belong, the majority (67%) indicated that
their job could be attributed to the logistics department, whereby more than half of them indi-
cated also at least one other departmental affiliation, such as general management. The diver-
sity of affiliations among other than the logistics department seems to suggest a broad range
of responsibilities covered by respondents. However, as the departmental affiliation or years
of experience do not necessarily indicate the cold chain logistics-related share of the current
job profile, respondents were asked, how much of their work time they spend on planning,
monitoring, and optimizing cold chain logistics together with customers, suppliers, logistics
service providers, and within the company. The results are shown in Figure 39:
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Figure 39: Time spent by respondents on optimizing cold chains with stakeholders
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The graph above shows the average work time (in percent) spent by respondents on cold chain
logistics activities with four major stakeholders, namely customers, suppliers, logistics service
providers, and the own company. Thereby, not for every respondent necessarily every stake-
holder group is of relevance, since for example logistics service providers are not necessarily
involved. With customers, the largest share of respondents (approx. 40%) spends 20 to 40%
of work time on cold chain logistics-related activities. With suppliers, the largest share of re-
spondents (50%) spends less time on these activities, namely 1 to 20 %. This is similar though
with a smaller share for logistics service providers, where the share of “not applicable” re-
sponses is also the highest for all groups. Very few respondents spend more than 40% of their
time with one of the three external stakeholder groups, whereas the largest share of respon-
dents spends 40 to 60% or more of their work time on cold chain logistics-related activities
within the company. Every respondent spends at least with one of the stakeholder groups a
considerable amount of time on planning, monitoring, and optimizing cold chain logistics.
Therewith, all respondents are deemed to belong to the target population and to possess the
knowledge required for completing the survey.

Apart from the profile of the individual, also the profile of companies is considered to provide
insights on the composition of the sample. To this purpose, the next illustrations provide some
more information on the company background of respondents.
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Figure 40: Number of employees and country of residence

Country of Residence

Country Frequency Percent
more than 20,000 Austria 1 1,6
Belgium 3 4,9
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Ecuador 1 1,6
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Netherlands 8 13,1
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South Affica 2 33
1-499 13 Spain 1 1.6
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0 10 20 30 40 |United Arab Emirates 1 1,6
Numberof respondents United Kingdom 1 1,6
B Logistics only United States 7 115
Total 61 100,0

The majority of respondents (about 60%) work in companies with less than 500 employees.
Over the other categories, the distribution is relatively equal, ranging between 5% and 10% of
respondents attributed to the respective category. The distribution of respondents regarding
their country of residence also shows one focal point, namely Germany with nearly 30% of
respondents. Overall, respondents came from twenty different countries, showing a concentra-
tion on Europe.

The huge amount of SMEs is in accordance with findings by other researchers, who observe
that the cold chain logistics sector still is highly fragmented (Fritz & Schiefer 2009). Consid-
ering the large differences in company size, especially between companies specialized in lo-
gistics services and companies involved in production, wholesale, and/or retail, the harmoni-
zation of exchange processes in cold chain logistics seems to be even more challenging, as
firms of different sizes frequently also incorporate different organizational structures (Hill,
Fehlbaum & Ulrich 1994).
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Figure 41: Cold chain segments and product categories covered
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The distribution over different cold chain segments shows that overall, all major cold chain
segments were covered by at least about 10% of respondents. Whereas respondents handling
both types of products were present for all logistics segments, production, wholesale and re-
tail were either exclusively focused on food products or on pharmaceuticals, with retail repre-
sentatives entirely stemming from the food retail area. Overall, food handling companies were
more represented than pharmaceutical handling companies or companies handling both.
Hence, based on these findings, it seems unlikely that the sample incorporates normal distri-
bution.

The application of many statistical procedures requires that the sample is normally distributed
(Janssen 2012). Therefore, before starting to analyze the data with the help of statistical pro-
cedures, first of all it has to be clarified, whether the data is following a normal distribution or
not. This assumption was tested for both cases individually, as well as jointly, since they rep-
resent opposite extreme examples, which are nevertheless measured on the same scale. How-
ever, in neither case, normal distribution can be assumed, which might have to be considered
during the choice and application of the statistical methods presented hereafter.'?® However,
as Janssen (2012) states, the majority of tests are relatively robust to breaches of normal dis-
tribution, which is furthermore in general approached by sample sizes larger than 30. Consid-
ering that for each case, at least a sample size of 59 is given interpretability of statistical tests
thus does not seem to be notably reduced.

The lack of normal distribution can be explained by the focus of analysis on extreme poles of
supply chain performances. The performance is consequently supposed to differ substantially
between the two cases, as in the one case, the performance should be satisfactory, whereas in
the second case, the performance should be significantly lower if indeed a disruption is de-
scribed. Therefore, mean values for the performance indicators of both cases should be com-
pared to see whether indeed two different cases of transactions have been described by the
participants. Even though the case which does not refer to disruptions has been termed “best
case” for easiness of use, respondents were asked to describe a transaction, where the logistics
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processes were realized as planned, thus a case without significant deviations in a positive or
negative way. As the overall sample is sufficiently large to approach standard normal distribu-
tion, a dependent sample t-test was conducted to compare the means of all variables in both
cases. Thereby, all performance indicators were found to differ significantly between the
cases, confirming the intention of the survey design to obtain to opposite poles of process per-

129
formance.

Furthermore, since two product categories are considered, heterogeneity might also be due to
substantial differences between these categories or other characteristics of the participants.
Therefore, the sample has been decomposed into several sub-groups, to analyze commonal-
ities and differences in performance not only between cases, but also between groups. Such a
differentiation of descriptive statistics is frequently used to describe sub-groups in more detail,
and may provide useful starting points for the following multivariate analysis (Schnell, Hill &
Esser 2011). Table 23 illustrates the mean values for each performance indicator for the best

case and the worst case, for transactions with food and with pharmaceuticals separately.'*’

The results of the normal distribution check can be found in the explanation volume.
The reuslts of the t-test for independent samples can be found in the explanation volume.
To increase comprehensiveness, the indicators have been renamed to better identifiy their content.
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Table 23: Comparison of performance indicator values per case and product category

Product Group PerfTem |PerfProQual | PerfPac PerfPun | PerfAccPro | PerfAccDoc | PerfCom PerfAdh
Mean 1,486 1,556 1,800 1,530 1,857 1,400 1,514 1,489
N 35 35 35 35 35 35 35 35
Food  Std. Deviation ,5621 5234 ,6774 ,5843 ,8096 5531 ,6585 ,5721
] Mean 1,680 1,568 1,613 1,569 1,840 1,760 1,720 1,781
g N 25 25 25 25 25 25 25 25
A Pharma  Std. Deviation 0,557 0,566 0,567 0,486 0,554 0,663 0,614 0,644
Mean 1,567 1,561 1,722 1,546 1,850 1,550 1,600 1,610
N 60 60 60 60 60 60 60 60
Total  Std. Deviation 0,563 0,537 0,635 0,541 0,709 0,622 0,643 0,615
Mean 3,213 3,248 2,748 2,417 3,007 2,465 2,495 2,474
N 37 37 37 37 37 37 37 37
Food  Std. Deviation 1,320 1,187 1,233 1,213 1,397 1,235 1,281 1,204
2 Mean 3,577 3,044 2,554 2,023 2,340 2,066 2,013 2,141
% N 22 22 22 22 22 22 22 22
§ Pharma  Std. Deviation 1,045 1,118 0,948 0,968 0,939 0,987 0,857 0,925
Mean 3,349 3,172 2,676 2,270 2,758 2,316 2,315 2,350
N 59 59 59 59 59 59 59 59
Total ~ Std. Deviation 1,228 1,157 1,131 1,135 1,280 1,156 1,157 1,112
Mean 2,373 2,425 2,287 1,986 2,448 1,947 2,018 1,995
N 72 72 72 72 72 72 72 72
Food  Std. Deviation 1,338 1,253 1,104 1,053 1,280 1,099 1,133 1,067
_ Mean 2,568 2,259 2,054 1,782 2,074 1,903 1,857 1,949
§ N 47 47 47 47 47 47 47 47
Pharma  Std. Deviation 1,255 1,137 0,896 0,776 0,792 0,835 0,744 0,800
Mean 2,450 2,360 2,195 1,905 2,300 1,930 1,955 1,977
N 119 119 119 119 119 119 119 119
Total  Std. Deviation 1,304 1,207 1,029 0,955 1,124 0,999 0,997 0,967

Perf: Performance; Tem: Temperature; PrudQud.l Product Quality; Pd(, Packaging; Pun: Punctuality; AccPro: Accuracy of Product Quantity;

AccDoc: Accuracy of D ; Com: Comp of D Adh: A to Preferred Transport Route; light grey: highest/lowest
value; dark grey bold: differences larger than 0.5

As can be seen above, the first distinction has been conducted for the two product groups in-
cluded in the analysis, to evaluate whether indeed they can be assumed to be relatively simi-
lar."®' As Schnell, Hill & Esser (2011) mention, the analysis of sub-groups serves the trans-
parent comparison of results between sub-samples, but may become confusing with increas-
ing amount of information provided. As the purpose here is to identify major differences in
the results per sub-group, differences above 0.5 are deemed noteworthy, as they represent a
deviation of 10% on the five-point scales used. Considering that the best case and the worst
case are regarded separately, these differences are probably even more pronounced, as good
cases are expected to receive values in the lower range (i.e. 1 or 2), and bad cases in the
higher range (i.e. 4 or 5). Those mean values of the food and pharmaceutical category show-
ing a difference equal or higher as 0.5 are thus marked in bold, whereas for the total, the high-
est and the lowest mean values are marked in bold.

Bl See section 4.2.1.
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Regarding differences between product categories in the best case, on total, the “accuracy of
product quantity” was rated worst, whereas “punctuality” received the lowest score and
therewith the best score. Hence, participants were very satisfied with the punctuality of ship-
ments, whereas they were comparatively unsatisfied with the quantity of products shipped. In
the worst case, “accuracy of product quantity” for food products was considerably lower than
for pharmaceuticals, indicating that the quantity of products planned and the actual quantity
shipped differed far more for food shipments than for pharmaceuticals. As in the best case,
“punctuality” received again the best score in total. The performance indicator with the high-
est and therewith the worst score was “temperature maintenance”. Overall, the best mean
value for food products has been attributed to the “accuracy of documents”, with “accuracy of
product quantity” receiving the worst score. For pharmaceuticals however, the best score has
been attributed to the “punctuality”, whereas “temperature maintenance” was rated worst. The
difference between the best and the worst score is higher for pharmaceuticals than for food
products.

Hence, while here already some differences in performance rating can be observed, differ-
ences might also be due to the degree of specialization by the companies involved, leading
perhaps to different foci of attention and different supply chain structures. Therefore, Table 24
depicts the cases split by the products handled by participating companies into food, pharma-
ceuticals, and mixed.
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Table 24: Comparison of performance indicator values per handling specializations

Handling Specialization PerfTem |PerfProQual| PerfPac | PerfAccPro| PerfPun |PerfAccDoc| PerfCom PerfAdh
Mean 1,481 1,519 1,741 1,519 1,704 1,296 1,370 1,400
N 27 27 27 27 27 27 27 27
Food Std. Deviation 0,509 0,509 0,526 0,580 0,775 0,465 0,565 0,571
Mean 1,769 1,622 1,692 1,633 1,923 1,692 1,692 1,683
N 13 13 13 13 13 13 13 13
g Pharma  Std. Deviation 0,439 0,477 0,630 0.461 0.494 0,751 0,630 0,748
Cq.'? Mean 1,550 1,579 1,716 1,528 2,000 1,800 1,850 1,847
N 20 20 20 20 20 20 20 20
Mix Std. Deviation 0,686 0,626 0,789 0,556 0,725 0,616 0,671 0,500
Mean 1,567 1,561 1,722 1,546 1,850 1,550 1,600 1,610
N 60 60 60 60 60 60 60 60
Total Std. Deviation 563 537 ,635 541 709 ,622 ,643 615
Mean 3,020 3,134 2,801 2,443 2,749 2,511 2,478 2,612
N 26 26 26 26 26 26 26 26
Food Std. Deviation 1,375 1,308 1,200 1,239 1,290 1,267 1,204 1,167
Mean 3,488 3,024 2,283 1,944 2,751 1,947 1,947 2,027
° N 13 13 13 13 13 13 13 13
5 Pharma  Std. Deviation 1,042 1,156 1,017 1959 1,422 ,960 ,960 918
E‘ Mean 3,685 3,317 2,768 2,257 2,776 2,302 2,343 2,218
= N 20 20 20 20 20 20 20 20
Mix Std. Deviation 1,073 975 1,103 1,105 1,238 1,113 1,212 1,126
Mean 3,349 3,172 2,676 2,270 2,758 2,316 2,315 2,350
N 59 59 59 59 59 59 59 59
Total Std. Deviation 1,228 1,157 1,131 1,135 1,280 1,156 1,157 1,112
Mean 2,236 2,311 2,261 1,972 2,216 1,892 1,914 1,994
N 53 53 53 53 53 53 53 53
Food Std. Deviation 1,281 1,272 1,057 1,060 1,174 1,121 1,081 1,091
Mean 2,629 2,323 1,988 1,788 2,337 1,820 1,820 1,855
N 26 26 26 26 26 26 26 26
5| Pharma  Std. Deviation 1,175 1,123 882 754 1,125 855 806 839
g Mean 2,617 2,448 2,242 1,893 2,388 2,051 2,097 2,033
N 40 40 40 40 40 40 40 40
Mix Std. Deviation 1,400 1,195 1,086 0,939 1,076 0,924 0,998 0,880
Mean 2,450 2,360 2,195 1,905 2,300 1,930 1,955 1,977
N 119 119 119 119 119 119 119 119
Total Std. Deviation 1,304 1,207 1,029 0,955 1,124 0,999 0,997 0,967
Perf: Performance; Tem: Temperature; ProdQual: Product Qua]lty, Pac: Packaging; Pun: Punctuality; AccPro: Accuracy of Product Quantity; AccDoc:
Accuracy of Documents; Com: C ! of Di ; Adh: Adh to Preferred Transport Route; light grey: highest/lowest value; dark grey

bold: differences larger than 0.5

In this categorization, the only considerable difference in the best case can be observed be-
tween the food handling respondents and those handling both product groups. Here, the food
handling respondents rated “accuracy of documents” more than 0.5 points better than those
respondents from the mixed category, showing a considerable better evaluation of perform-
ance in terms of accurate shipping documents. In total, the “accuracy of product quantity” was
rated best, with “punctuality” again being rated worst. In the worst case scenario, several dif-
ferences can be observed. Firstly, operational performance in terms of temperature mainte-
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nance was considerably better rate by food specialists than by mixed-handling specialists. The
“integrity of packaging” in turn was better maintained in those transactions reported by phar-
maceutical specialists than in those reported by food specialists. Another significant differ-
ence between these groups can be found for the “accuracy of documents”, which is rated more
than 0.53 points worse by the food category. This difference is even more pronounced be-
tween the two for the case of “completeness of documents”. Finally, for the “adherence to the
agreed transport route”, the food category rates the performance again much worse than the
pharmaceutical category. In total, “accuracy of product quantity” is rated best, whereas “tem-
perature maintenance” is again rated worst. For the overall evaluation, the food category rates
“accuracy of documents” best and “product quality” worst, whereas the pharmaceutical cate-
gory rates the “accuracy of product quantity” best and “temperature maintenance” worst. The
same rating can be found for the mixed category and the total result.

Finally, a third possibility would be that there are distinctions induced by the different supply
chain segments regarded. The respondents can be broadly separated by the nature of value-
added in the supply chain, into those companies generating profits by production or retail of
food or pharmaceuticals, and those companies providing logistics services to these companies.
Therefore, Table 25 distinguishes means, standard deviations and sample size by supply chain
segment.

Table 25: Comparison of performance indicator values per supply chain segment

Supply Chain Segment PerfTem |PerfProQual| PerfPac PerfPun__| PerfAccPro | PerfAccDoc| PerfCom PerfAdh
Mean 1,463 1,528 1,764 1,878 1,531 1,537 1,585 1,606
N 41 41 41 41 41 41 41 41
Logistics ~ Std. Deviation ,596 ,558 ,692 ,678 ,562 ,596 ,631 544
% Mean 1,789 1,632 1,632 1,789 1157 157 1,632 1,621
S Production N 19 19 19 19 19 19 19 19
£ andRetail ~ Std. Deviation 419 ,496 496 ,787 ,507 ,692 ,684 ,762
Mean 1,567 1,561 1,722 1,850 1,546 1,550 1,600 1,610
N 60 60 60 60 60 60 60 60
Total Std. Deviation 563 537 635 ,709 541 ,622 643 615
Mean 3,455 3,262 2,684 2,750 2,132 2,248 2,272 2,374
N 40 40 40 40 40 40 40 40
. Logistics Std. Deviation 1,201 1,029 1,135 1,300 0,908 1,117 1,169 1,217
% Mean 3,124 2,982 2,659 2,775 2,562 2,459 2,407 2,297
2 production N 19 19 19 19 19 19 19 19
§ and Retail ~ Std. Deviation 1,287 1,400 1,153 1,271 1,495 1,253 1,158 0,877
Mean 3,349 3,172 2,676 2,758 2,270 2,316 2,315 2,350
N 59 59 59 59 59 59 59 59
Total Std. Deviation 1,228 1,157 1,131 1,280 1,135 1,156 1,157 1,112
Mean 2,447 2,385 2,218 2,309 1,828 1,888 1,924 1,985
N 81 81 81 81 81 81 81 81
Logistics ~ Std. Deviation 1,373 1,197 1,040 1,116 0,807 0,956 0,992 1,010
— Mean 2,457 2,307 2,145 2,282 2,070 2,019 2,020 1,959
£ production N 38 38 38 38 38 38 38 38
T andRetail ~ Std. Deviation 1,161 1,241 1,018 1,156 1,209 1,094 1,017 0,880
Mean 2,450 2,360 2,195 2,300 1,905 1,930 1,955 1,977
N 119 119 119 119 119 119 119 119
Total Std. Deviation 1.304 1.207 1.029 1.124 0,955 0.999 0,997 0.967

Perf: Performance; Tem: Temperature; ProdQual: Product Quality; Pac: Packaging; Pun: Punctuality; AccPro: Accuracy of Product Quantity; AccDoc:
Accuracy of Documents; Com: Completeness of Documents; Adh: Adherence to Preferred Transport Route; light grey: highest/lowest value; dark grey
bold: differences larger than 0.5

The best score in the best case obtains the “accuracy of product quantity”, while participants

were relatively unsatisfied with “punctuality” of shipments. In the worst case, again the quan-
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tity of products meets the expectations best, whereas considerable temperature excursions oc-
curred in all supply chain segments regarded. In total, the logistics segment rates “accuracy of
product quantity” best and “temperature maintenance” worst, whereas the production and re-
tail segment differs with respect to the best score, which they attribute to the “adherence to the
agreed transport route”. Overall, operational performance is best in terms of accurate product
quantity, whereas temperature excursions seem to be the major weak point across supply
chain segments. However, little differences between segments become obvious compared to
the other two categorizations.

As has been argued in section 3.4.2, the degree to which third parties are involved in the ship-
ping process might also have an impact on the susceptibility of supply chains to disruptions.
Therefore, as a control variable, respondents were asked to what extent third parties were in-
volved in the shipping process for both cases. Table 26 shows the differences of means and t-
statistics for this variable in both cases.

Table 26: Comparison of third party involvement in both cases

Paired Differences

95% Confidence In- Sig.
Std. Devia- Std. Error terval of the Differ- ¢ df 2-
Mean tion Mean ence tailed)

Lower = Upper

BestCase Resp- | _ 4g1 | 7035 277 | -1,037 | 074 |-1,739] 53 | 088
WorstCase Resp

As can be seen, the difference between both cases regarding the involvement of third parties
is not significant at the .05 confidence level, but at the .1 level (sig. .088). In the worst case,
third parties were reported to be involved to a larger extent than in the optimal case. Variance
in turn was equal for both cases, so that no significant difference in the distribution of third
party involvement between both cases is supported.

Hence, from these descriptions of the sample, the performance, and differentiations of groups
and cases, already many insights can be gained on cold chain logistics and aspects of opera-
tional performance especially susceptible to disruptions. Following the general sequence of
empirical analyses as described for example by Schnell, Hill & Esser (2011) and Kromrey
(2009), the hitherto presented results have been mainly concerned with the description and
structuring of the data based on univariate or bivariate statistical processing. To analyze mul-
tiple relations however, the procedures of multivariate statistics have to be presented and ap-
plied (Kromrey 2009). Therefore, in section 4.4.3, the methods and their application to the
SEM will be presented.
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4.4.3  Illustration of the Causal Findings on Disruptions

For the use of SEM, Backhaus et al. (2011) assert that several steps have to be completed.
These include among others the choice of estimation method, evaluation of the model, and
modification of the model.

For estimating SEM, one can generally distinguish between covariance-based procedures, es-
timating the maximum likelihood such as LISREL, and variance-based procedures, called
Partial Least Squares (PLS) (Temme, Kreis & Hildebrandt 2010; Blunch 2008). According to
Anderson & Gerbing 1988, the major difference between both procedures is that traditional
covariance-based procedures aim for the explanation of covariance between variables,
whereas PLS focuses on the exact definition of component scores by assuming a lack of ran-
dom error variance. Furthermore, maximum likelihood estimations with LISREL require mul-
tinormality of variables, whereas PLS does not make such assumptions (Fornell & Bookstein
1982). Consequently, Esposito Vinzi, Trinchera & Amato (2010) assert that PLS is especially
useful in exploratory research, as it does not make any assumptions regarding distribution,
measurement, or number of samples (Barroso, Carrion & Roldan 2010). Another advantage is
that PLS can deal with formative and reflective indicators, even within the same structural
equation model (Gotz, Liehr-Gobbers & Krafft 2010). Given the exploratory nature of this
research, that it involves formative and reflective constructs, and that the sample size is rela-
tively small, PLS seems therefore to the appropriate choice of estimation method.

According to Gotz, Liehr-Gobbers & Krafft (2010), software packages to evaluate structural
equation models based on the PLS approach have become more readily available recently (e.g.
PLS-Graph, PLS-GUI, smartPLS). The question is thus, which of these software tools to use
for the purpose of this thesis. A recent assessment of different software packages has been
conducted by Temme, Kreis & Hildebrandt (2010), who compared requirements, methodo-
logical options, and ease-of-use of six different software packages. Based on this assessment,
the software package smartPLS is chosen, as it showed advantages in the estimation of inter-
action effects, easiness of data export, and showed no incorrect results in simulations involv-
ing missing data and multicollinearity. Especially estimation of interaction effects seems to be
important, considering the complex structure of the model. Based on the PLS approach, next,
the measurement models have to be evaluated regarding their adherence to the previously de-
fined quality criteria. Table 27 provides an overview on the results for the first order model in
the worst case scenario, based on the quality criteria established in section 4.4.1.
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Table 27: Evaluation of measurement quality of reflective constructs

Construct Indicator Initial Corrected AVE > Composite Cronbach
Loading Loading > 0.5 Reliability > Alpha >
0.4 0.7 0.6
Specl 178 783
Spec2 .852 855
Asset Specificity Spec3 797 783 611 1.886 846
Specd .810 811
SpecS .638 .663
Spec6 -.034
Volume Unl 931 933 831 908 799
Uncertainty Un2 .892 .890
Detl .906 921
Level of Detail Det2 %1 803 747 .855 674
Det3 .360
Precl -.376
Preciseness Prec2 761 779 775 872 757
Prec3 .966 972
Durl 562
Durability Dur2 783 .863 661 |.851 736
Dur3 .899 919
Dur4 .621 .627
Varil .543 .547
Vari3 953 .995
RoAl .976
i:‘;if:s‘;ies Roas 1111 e 837 911 851
RoA3 -.182 .989
Rigl .619 .610
Rigidity Rig2 726 721 507 753 .537
Rig3 593
Rig4 728 793
LP1 172 .822
Logistics LP2 943 932 775 932 905
Performance LP3 943 .922
LP4 .867 .840
PP1 712 718
Product PP2 925 1.925 575 797 650
Performance PP3 .603 .595
PP4 313

Overall, the majority of indicators were found to be appropriate fulfilling the quality criteria.
Thereby, “frequency” has not been included in this overview, as it is operationalized as a
manifest variable. Those indicators loading weakly on the intended construct were excluded
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in a one-at-a-time approach to evaluate simultaneously the resulting changes in construct reli-
ability, which may also result in further deletions of indicators (Nitzl 2010). The resulting
scales adequately comply with the quality criteria for the constructs. Only in one case the
limit is not reached, namely regarding Cronbach’s Alpha for rigidity of interactional pro-
gramming, which indicates a relatively high perturbation by measurement error.'*? However,
as Bagozzi (1981) observe, in empirical research with SEM, it is quite common that one or
two quality criteria are violated in the entire set of criteria for convergence in measurement
and differentiation in constructs. However, several scales had to be reduced to two indicators
respectively, which may weaken the adequacy of measurement and should be considered dur-
ing analysis (Chin 1998).

The final criterion to be assessed for the reflective measurement models is discriminant va-
lidity of the constructs. To this purpose, the correlation matrix of the latent constructs has
been adapted, whereby the AVE has been placed on the diagonal line and correlations be-
tween the constructs replaced with their squared correlations. As can be seen in Table 28, the
constructs all inhibit sufficient discriminant validity, as the AVE is substantially larger than
any squared correlation with all other constructs.

Table 28: Discriminant validity of the reflective measurement models

Spec Dur Freq Det LP Prec PP RoA Rig Invari Un

Asset Specificity 0,611 0 0 0 0 0 0 0 0 0 0
Durability 0,183 0,661 0 0 0 0 0 0 0 0 0
Frequency 0,176 0,008 1 0 0 0 0 0 0 0 0
Level of Detail 0,172/ 0,000 0,175 0,747 0 0 0 0 0 0 0
Logistics Performance 0,012/ 0,005 0,030 0,001 0,775 0 0 0 0 0 0
Preciseness 0,007 0,107 0,093 0,320 0,005 0,775 0 0 0 0 0
Product Performance 0,054 0,083 0,001 0,016 0,049 0,007 0,575 0 0 0 0
Range of Addressees 0,000 0,154 0,008 0,070 0,011 0,207 0,006 0,837 0 0 0
Rigidity 0,009 0,106 0,015 0,005 0,040 0,128 0,000 0,089 0,507 0 0
Invariability 0,047 0,070 0,063 0,009 0,004 0,081 0,007 0,104 0,027 0,645 0

Volume Uncertainty 0,054 0,000 0,100 0,027 0,002 0,013 0,027 0,017 0,003 0,000 0,831

Subsequently to the evaluation of the measurement models, the quality of the structural model
needs assessment (G6tz, Liehr-Gobbers & Krafft 2010). In this context, Bagozzi (1981) states
that the first hints at model misspecification are negative error variances, correlations greater
than one, and extremely large parameter estimates. Even though the matrix depicted above
shows the squared correlations, it becomes immediately obvious that no correlations are
greater than one. Also the other two anomalies were not detected in the results, which will be
presented below.

132 See section 4.4.1.
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As already mentioned, the R? can be used as an indicator for the quality of the structural
model to explain and predict the endogenous constructs. As an orientation, Merschmann &
Thonemann 2011 call an R*of 0.39 good, Ringle, Wende & Will (2010) call a R*0f 0.239 as
a moderate level for PLS path models, and Stan & Saporta (2010) call 0.27 a satisfactory re-
sult. In a supply chain management context, with seven latent variables including multiple
interactions in several cause-and-effect chains, Subramani (2004) for instance reports values
between 0.19 and 0.30, and Droge, Vickery & Jacobs (2012) in a similar context R of 0.23.
In other research, values of 0.17 are deemed to be high if purposefully only specific determi-
nants are regarded in the analysis of multi-causal variables such as company success.'*® Given
the complexity of the phenomenon under study, such values therefore seem to be quite satis-
factory. Therefore, the explanatory and predictive ability of the structural model seems to suf-
ficiently high for the majority of constructs. Figure 42 illustrates the determination coeffi-
cients for the endogenous variables of this structural model.

Figure 42: Determination of organizational structure and disruptions by the model

Level of Detail
R?=.244

Logistics
Performance
R?=.138

Preciseness
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Uncertainty

Product
Performance
R2=.295

Specificity

As can be seen, the largest predictive capacity in the model relates to the determination of
“product performance”, which is explained to nearly 30%. This seems to be a very high value,
considering the complexity and diversity of the products under study. This is followed by the

13 For a discussion, see Nitzl (2010).
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“level of detail”, “durability”, and “invariability”, which are also explained to a satisfying ex-
tent, given the diversity of companies, variety in interfaces, and the multitude of influencing
factors. The determinants explain approximately 14% of “logistics performance” and explain
therewith logistics deviations only half as well as product deviations, but still to an adequate

extent. Comparatively low values can be found for “range of addressees”, “preciseness” and
“rigidity”, which seem to be nearly undetermined by the transaction type.

The final step is the evaluation of the overall model. However, for this assessment, rules of
thumb are prevalent, which may not be suitable for specific data sets (Shook et al. 2004). An
additional issue regarding the assessment of overall fit arises, as for PLS, conventional quality
indicators are lacking (Gotz & Liehr-Gobbers 2004; Esposito Vinzi, Trinchera & Amato
2010). Furthermore, Chin (1998) argues that such rigid Goodness of Fit (GoF) measures have
frequently been criticized for ignoring side effects and that instead of focussing on measure-
ment power, one should focus on the predictive power of the model by evaluating the strength
of structural paths, which should ideally be above 0.2 or 0.3 to be considered meaningful.
Furthermore, the significance of paths should be calculated to evaluate their reliability (Gotz
& Liehr-Gobbers 2004; Gotz, Liehr-Gobbers & Krafft 2010).

According to Cheung & Lau (2008), the bootstrapping procedure is a suitable method in this
context, as it can be applied if normal distribution assumptions are violated or distribution is
unknown. Furthermore, it is frequently applied in PLS-based SEM research to calculate t-
values and assess the significance of structural paths and factor loadings (Hair et al. 2012; Ge-
fen & Straub 2005). In the bootstrapping procedure, the sample is regarded as a small repre-
sentation of the basic population, from which in an iterative process with k repetitions sam-
ples are drawn, calculated and results recorded (Hayes 2009). Cheung & Lau (2008) suggests
a minimum of k = 1.000, whereas Hayes (2009) suggests to take at least 5.000 samples, which
is also advocated by others (e.g. Cordeiro, Machas & Neves 2010; Real, Roldan & Leal 2012).
As the results become more accurate with a larger amount of bootstraps (Davidson &
MacKinnon 2000), k = 5.000 will also be applied here. Considering these requirements, Table
29 shows the path coefficients, standard errors and t-statistics for the cleaned first order model
as calculated with the PLS algorithm and subsequent bootstrap. To enhance comprehensive-

ness, significant relationships at the .05 and .01 level are marked in bol.'**

13 According to Schnell, Hill & Esser (2011), significance is normally tested at these two levels, wherefore

the .1 level will be disregarded in the following.
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Table 29: Statistical results on hypotheses of the first order model

Original Standard Standard T
Sample  Deviation Error  Statistics

Asset Specificity -> Durability -0,4427%* 0,119 0,119 3,7213
Asset Specificity -> Level of Detail -0,3842 0,2001 0,2001 1,9199
Asset Specificity -> Logistics Performance 0,2894* 0,1383 0,1383 2,0927
Asset Specificity -> Preciseness 0,1629 0,1556 0,1556 1,0465
Asset Specificity -> Product Performance -0,0605 0,1411 0,1411 0,4288
Asset Specificity -> Range of Addressees 0,3125* 0,1311 0,1311 2,3839
Asset Specificity -> Rigidity -0,049 0,1379 0,1379 0,3556
Asset Specificity -> Invariability -0,067 0,1676 0,1676 0,3998
Durability -> Logistics Performance 0,2784 0,1711 0,1711 1,6272
Durability -> Product Performance -0,2773* 0,1245 0,1245 2,2277
Frequency -> Durability 0,109 0,1201 0,1201 0,9075
Frequency -> Level of Detail 0,4313%* 0,1609 0,1609 2,6808
Frequency -> Logistics Performance 0,296* 0,1185 0,1185 2,4986
Frequency -> Preciseness 0,2114 0,1203 0,1203 1,7572
Frequency -> Product Performance 0,321* 0,1226 0,1226 2,618
Frequency -> Range of Addressees 0,0288 0,1227 0,1227 0,2343
Frequency -> Rigidity 0,1656 0,1139 0,1139 1,4535
Frequency -> Invariability -0,1333 0,1703 0,1703 0,7827
Level of Detail -> Logistics Performance -0,0546 0,1172 0,1172 0,4657
Level of Detail -> Product Performance -0,0654 0,1008 0,1008 0,6491
Preciseness -> Logistics Performance -0,0879 0,2013 0,2013 0,4365
Preciseness -> Product Performance -0,4867** 0,1413 0,1413 3,4451
Range of Addressees -> Logistics Performance -0,0269 0,1919 0,1919 0,1401
Range of Addressees -> Product Performance 0,4211* 0,1701 0,1701 2,4753
Rigidity -> Logistics Performance -0,1179 0,159 0,159 0,7416
Rigidity -> Product Performance 0,1177 0,1225 0,1225 0,9611
Invariability -=> Logistics Performance -0,191 0,1528 0,1528 1,2497
Invariability -=> Product Performance -0,0586 0,1307 0,1307 0,4489
Volume Uncertainty -> Durability 0,044 0,1183 0,1183 0,3723
Volume Uncertainty -> Level of Detail -0,0571 0,1212 0,1212 0,4714
Volume Uncertainty -> Logistics Performance  0,0029 0,123 0,123 0,0239
Volume Uncertainty -> Preciseness -0,1306 0,1372 0,1372 0,9518
Volume Uncertainty -> Product Quality 0,0289 0,1065 0,1065 0,2717
Volume Uncertainty -> Range of Addressees -0,2046 0,1094 0,1094 1,8709
Volume Uncertainty -> Rigidity -0,1733 0,1074 0,1074 1,6125
Volume Uncertainty -> Invariability 0,1133 0,1698 0,1698 0,6674

N=59; *a.=0.05;**a = 0.01;
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The values above do not indicate any of the anomalies such as excessive standard errors as
reported by Bagozzi (1981) wherefore misspecifications do not seem to exist. However, sev-
eral path coefficients are quite small and therefore cannot be considered to be relevant for the
causal explanation of the respective endogenous construct. On the other hand, other path coef-
ficients are quite large, which indicates important causal relations and which is further sup-
ported by the reported t-statistics. The first-order model seems thus to provide useful insights
on effects of interface design on performance in case of disruptions, which will be analyzed in
section 4.5.2.

Furthermore, the model might also provide useful insights regarding design options of inter-
face structures and how the components interact with each other across constructs in practice.
Therefore, the first order construct is tested for correlations to assess the assumptions of the
framework provided by Remer and to gain further insights on causal relations between the
variables.

Table 30: Correlations of first order constructs of interface structure

Range of Ad-
Detail  Durability = Preciseness dressees Rigidity Invariability
Detail 1 076 5817 215 -.023 217
Durability £ 076 1 386" 3627 295 258"
g
Preciseness 2 5817 386" 1 4617 3527 275
]
O
Rangeof Ad- = 215 362" 461" 1 3r 323
dressees 2
< * *k *
Rigidity £ -.023 295 352 321 1 241
Invariability 217 258" 275 323" 241 1

N=59; *o.= 0.05;**a = 0.01;

As illustrated, there are partly substantial correlations between the first order constructs. For
instance, even though “preciseness” correlates strongest with the “level of detail” (.581**%*), it
also correlates significantly with all other constructs. “Level of detail” in turn only correlates
with “preciseness”, whereas “range of addressees” correlates strongest with “preciseness”,
while the smallest significant correlation is attributed to “rigidity”. Overall, every construct
correlates at least strongly with one other construct. Furthermore, to exploit the model to the
full extent, also the second order model with its formative indicators has to be evaluated. To
this purpose, the reflective first order constructs have to be transformed into the formative
second order constructs by applying the repeated indicator approach as suggested by Hair et al.
(2014). After running the PLS algorithm for the first order model, the thereby obtained latent
variable scores are used as manifest variables for the second order model, so that again the
path coefficients and t-statistics can be calculated and relationships identified.
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As already indicated in the previous section, formative constructs follow different rules for
evaluation as reflective constructs and therefore require a stronger theoretically grounded
evaluation as reflective ones (Diamantopoulos & Siguaw 2006). Table 31 shows the results
of the applied quantitative evaluation criteria.

Table 31: Evaluation of the second order formative constructs

Construct Indicators Weight Correlation <0.9 VIF <10
Level of Detail .539

Degree of interactional programming eve. oL e S581%* 1,511
Preciseness .586

Standardization of interactional pro- Durability 842 258+ 1.071

gramming Invariability 364 ' ’

. . . Range of
F;)arrnrllre;lsianon of interactional pro- Addressces 679 301 1115
& & Rigidity 548

N=59; *o.= 0.05;**0,=0.01;

The quality criteria applied to the formative constructs indicate that the constructs are reliable,
with each indicator having a substantial influence on the latent variable, low correlation and
no hints at multicollinearity. The weights are thereby distributed relatively even in the case of
the “degree” of interactional programming, whereas “formalization” shows a slight tendency
towards “range of addressees”, while “standardization” is more influenced by “durability” of
instructions than by “invariability”. As a final criterion, again the path coefficients and t sta-
tistics shall be assessed, to evaluate the overall explanatory power of the model as suggested
by Chin (1998) and Go6tz & Liehr-Gobbers (2004). Since the constructs are compositions of
the first order constructs, variations in the first order constructs could be evened out at the
level of the second order constructs, since at a certain point, it is assumed that one dimension
may only grow at the expense of the other."** In consequence, explanatory power might be
reduced. At the same time, weak effects on the first order constructs might turn into signifi-
cant effects of the second order constructs, if their dimensions reinforce each other. Therefore,
the model was computed to produce latent variable scores, which were used as input for the
second order formative constructs. The results of the PLS algorithm and bootstrap procedure
are shown in Table 32.

'3 See section 3.3.2 and 3.3.3.
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Table 32: Statistical results on hypotheses of the second order model

Original Standard De- Standard T
Sample viation Error Statistics

Asset Specificity > Degree 0,0758 0,1245 0,1245 0,6089
Asset Specificity -> Formalization -0,0971 0,1112 0,1112 0,8735
Asset Specificity -> Logistics Performance 0,1629 0,1241 0,1241 1,3131
Asset Specificity -> Product Performance 0,1951 0,1071 0,1071 1,8219
Asset Specificity -> Standardization -0,4402**  0,1111 0,1111 3,9628
Degree -> Logistics Performance -0,1144 0,1385 0,1385 0,8258
Degree -> Product Performance -0,0667 0,0887 0,0887 0,7511
Formalization -> Logistics Performance -0,2417* 0,1187 0,1187 2,0368
Formalization -> Product Performance 0,218** 0,0793 0,0793 2,7477
Frequency -> Degree 0,3369** 0,1132 0,1132 2,9758
Frequency -> Formalization 0,0366 0,107 0,107 0,3422
Frequency -> Logistics Performance 0,174 0,1138 0,1138 1,5295
Frequency -> Product Performance 0,0552 0,1094 0,1094 0,5047
Frequency -> Standardization 0,2267 0,123 0,123 1,8428
Standardization -> Logistics Performance 0,2751* 0,1187 0,1187 2,3175
Standardization -> Product Performance -0,2769* 0,108 0,108 2,5633
Volume Uncertainty -=> Degree 0,0309 0,0967 0,0967 0,3198
Volume Uncertainty -> Formalization -0,0507 0,0827 0,0827 0,6126
Volume Uncertainty -> Logistics Perform-

ance -0,12 0,1223 0,1223 0,9812
Volume Uncertainty -> Product Performance -0,2129 0,1156 0,1156 1,8418
Volume Uncertainty -> Standardization -0,0229 0,0939 0,0939 0,2443

N=59; *0.=0.05;**0.=0.01;

Regarding the predictive power of the model, Figure 43 shows the R* for all five endogenous
variables of the structural model with the second order formative constructs of organizational
structure.
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Figure 43: Predictive power of the second order structural model
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Overall, the predictive power of the model declined in comparison to the first order model.
Whereas the predictive power of deviations in “logistics performance” remained relatively
equal, the predictive power for deviations from “product performance” declined significantly.
This is probably due to the opposite direction of effects of “level of detail” and “preciseness”
on “product performance”. In combination, they might ease-out effects, which is also sup-
ported by the lack of significance for the path between “degree” and “product performance”.
Furthermore, whereas degree and standardization of interactional programming still can be
explained to an acceptable extent, formalization of interactional programming is not explained
at all. The same picture emerges for the second order constructs as shown in Table 33.

Table 33: Correlations of second order constructs of interface structure

Degree Standardization Formalization

ok

Degree 1 326%* 369

*

Standardization 326 1 471

*k

369 471 1
N=59; *o.=0.05;**0.=0.01;

Pearson
Correlation

Formalization

Here, “formalization” is correlated strongly with both other constructs, while “standardization”
and “degree” of interactional programming are only correlated slightly. The correlations

might be explained by the nature of constructs, which describe several dimensions of the same

object, namely programming interactions at interfaces. Furthermore, it indicates that there are

typical combinations of design options for the characteristics of programming, which has also

been pointed out by Remer 1989, 2004. However, all significant correlations are positive,

which indicates that the limits, where one dimension can only be extended to the expense of
another dimension are either not reached yet, or do not exist.
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To further substantiate the overall quality of the model, the adapted model after the quality
evaluation has been applied to a second set of data, namely the best case scenario. Even
though both samples are not entirely independent from one another as the respondents were
the same, substantial misfit could indicate inferior quality and inapplicability of the model to
a more general context of supply chain performance assessment. However, the test of the
model with the second sample did not reveal major quality issues, as again, the entire set of
quality criteria for the first order model was only breached in two cases, which is quite normal
in empirical research (Bagozzi 1981)."* Hence, the developed scales to measure interface
structures and operational performance in terms of logistics performance and product per-
formance seem to be applicable also to changing contexts in cold chains. Apart from the
rather cold chain-specific measurement model of “product performance”, the other scales
might also be applicable to other kinds of supply chains. Additionally, the adopted measure-
ment scale for “asset specificity” shows that even with context-specific adaptations, the indi-
cators measure the construct reliably, increasing therewith its applicability.

However, in the case of the second order model, the two variables of “standardization” show a
high correlation (+.981*%), while the two variables of “formalization” have a high VIF
(26.612), indicating problems with multicollinearity.'>” Hence, the influence of each first or-
der construct on the second order construct cannot be measured reliably, as indicators cannot
be separated clearly from one another anymore (Diamantopoulos & Winkelhofer 2001). Ap-
parently, in the best case scenario, the indicators measuring the different constructs were all
answered nearly identically. On the one hand, this might indicate that both dimensions of
these constructs are designed similarly and that such a balanced manifestation fosters optimal
process operations. On the other hand, it might indicate some measurement problems, where-
fore the comparative analysis of both cases will focus more on the first order models than on
the second order models, to prevent misinterpretations.

Based on the results of the data analysis and of the evaluation of the SEM, the empirical find-
ings can now be analyzed in detail and set into relation to the relative quality of the model.
Therefore, the section 4.5 will analyze the findings and their implications for the hypothesized
causal relations between transaction type, organizational structure, and the occurrence of dis-
ruptions.
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For the test results see Appendix 4.
For the test results see Appendix 6.
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4.5 Analysis of the Findings and Possible Implications
4.5.1 Comparison of Performance Scenarios and Sub-Groups
Comparison of the Best Case and the Worst Case Scenario

As has been outlined in section 4.1, this section is concerned with the final part of the fourth
step of empirical research as outlined by Diekmann (2002), namely the analysis of the find-
ings presented above. In section 2.2.3, disruptions have been defined as significant excep-
tional negative deviation(s) from supply chain process plans caused by one or more unex-
pected temporal events. To evaluate whether there is indeed a significant negative deviation
from process plans, thus whether the understanding is consistent with the empirical findings,
Figure 44 shows the two performance profiles of both cases as differences in mean scores of
the eight indicators for cold chain performance.

Figure 44: Performance profiles of best case and worst case
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As can be seen, there is indeed a substantial difference in the performance profiles between
both cases. Whereas performance is quite uniform around the score of 1.5 in the best case,
differences are more pronounced in the worst case, with “temperature maintenance” showing
the largest deviation from optimal performance. Overall, there is a considerable gap between
the performance profile in the best and in the worst case. This difference is consistent with the
definition of disruptions as negative deviations from optimal performance. Therefore, the
worst case can be indeed considered to represent supply chain disruptions, enhancing
therewith the validity of the developed understanding and measurements of disruptions.

The comparison of the two scenarios shows that overall the best case scenario was rated by
the participants with values ranging between 1.55 for accuracy of product quantity and 1.85
for punctuality, with small standard deviations.'** Considering that the scale ranged from 1 to
S, participants rated the performance very positively between “very good” and “good”. This
indicates that the scenario to be described has been understood correctly and that in successful

133 The results for means, standard deviations, and standard errors can be found in the explanation volume.
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transactions, apparenlty little deviations in process performance take place. In cases where
operations can be executed as planned, the only drawback seems to be “punctuality” of ship-
ments, but which is apparently tolerated as the overall performance is considered to be satis-
factory nevertheless. The comparatively lower rating of “punctuality” can be interpreted in
three ways: one interpretation could be that opposed to the other three indicators of “logistics
performance”, time can be measured more reliably, wherefore also slight deviations can be
observed. Alternatively, the indicator might be deemed more important than the other three,
wherefore respondents are more critical when it comes to adherence to time frames. Finally,
shipments might indeed be not as punctual as the customer would prefer. Since delays were
frequently reported as performance inhibitors, and since cold chains might be especially time
sensitive because of shelf life restrictions,'* a combination of higher importance of punctual-
ity and difficulties to achieve this goal seems to be probable.

Regarding the worst case scenario however, the picture is somewhat different. Whereas the
best rated performance indicator is again accuracy of product quantity, which was rated with
2.27 still better than the average of the scale, the worst rated was “temperature maintenance”
with 3.35, closely followed by product quality with 3.17. The performance in the worst case
scenario varies therefore substantially more across indicators, with a stronger impact on the
product-related performance, which supports the operationalization of disruptions as two dis-
tinctive constructs. Furthermore, the scale is again not fully used, but this time, the distance to
the nearest extreme point 5 (very bad) is also larger. This might on the one hand be explained
by a reluctance of participants to rate transactions with own participation extremely negative.
On the other hand, this observation supports the focus of this thesis on disruptions with high
likelihood, and (relatively) low impact. The comparably good rating of “accuracy of product
quantity” also explains why the indicator had to be excluded for the use in the SEM, as it did
not load sufficiently high on the construct (see Table 27). This results in the conclusion that if
disruptions occur, product quantity is affected least.

The heterogeneity of variance between the two cases has been evidenced by the results of the
Levene’s test reported in section 4.4.2, which shows significant differences between the two
scenarios. As can be seen in Figure 44, in the worst case, the distance between the different
performance indicators is larger, as well as the standard deviation for each indicator, which is
approximately twice as large as in the best case scenario. This finding supports the under-
standing of disruptions developed in section 2.2.3, which refers to a continuum of shapes of
disruptions, instead of absolute shapes. At the same time, it highlights the importance of the
choice of indicators, to adequately cover the construct.

Another noticeable comparison of the two cases is the degree of third party involvement. This
has been reported to be higher in the worst case as in the best case, but showed to be not sig-
nificant at the .05 level. At the .1 level of confidence however, the difference was significant,

13 See section 2.5.3.
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which would imply that a higher degree of third party involvement would be associated with
inferior performance. However, another explanation could be that respondents tend to assume
less responsibility if asked to report on a recent disruption. To see whether respondents rate
the involvement of third parties higher when being asked to report transactions with inferior
performance, or whether a general causal relation can be assumed, the effect of third party
involvement on logistics and product quality was assessed for both cases, using again the PLS
algorithm. In both cases, the degree of third party involvement had a significant effect on
product quality, as shown in Table 34.

Table 34: Effect of third party involvement on performance in both cases

Original Standard Standard T
Sample Deviation Error Statistics
Best Case

R Party Involvement -> Logistics Performance  0,1286 0,1117 0,1117 1,1505
31 Party Involvement -> Product Performance 0,1893* 0,0938 0,0938 2,0179
Worst Case

31 Party Involvement -> Logistics Performance  0,1083 0,1554 0,1554 0,6968

3 Party Involvement -> Product Performance 0,3468** 10,0851 0,0851 4,0755
*o=0.05;**0 = 0.01;

As already indicated by the comparison of means in section 4.4.2, in the case of disruptions,
third party involvement has a significant effect on performance, and more specifically, on
product quality. This would imply that the higher the extent of third party involvement, the
worse is product performance. However, it also has a significant effect, even though to a
lesser extent, on product quality in the optimal case. This indicates that this causal relation
exists apart from a potential desire by respondents to attribute responsibility to somebody else,
if something goes considerably wrong. The extent of third party involvement might of course
also depend on the kind of supply chain regarded, or the perspective of the respondent.
Thereby, respondents from production and retail might experience more third party involve-
ment as logistics service providers, if they do not execute part of the shipping process on their
own, but outsource the shipping process to LSPs. However, also after controlling for a poten-
tial bias by eliminating all respondents involved in production, wholesale and retail from the
sample, still a weak negative effect of third party involvement on product quality in the best
case, and a strong negative effect in the worst case were observed.'** Therewith, the extent of
third party involvement is negatively impacting on product quality. However, the causal rela-
tion requires further research, as extent of third party involvement might refer to the share of
shipping process conducted by a single third party, or the number of third parties involved,
which would increase also the number of interfaces. Therewith, as there is initial evidence on

10 See Appendix 1.
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which direction of effect might be prevalent, a specific hypothesis for future research re-
quirements can be deduced:

hypothesis 1 The higher the extent of third party involvement in the shipping process,
the lower is product performance.

Apart from the differences observed between the two scenarios, section 4.4.2 also indicated
differences of performance in several sub-groups. These results will be analyzed next.

Comparison of Sub-Groups in the Case of Disruptions

Also regarding the overall profile of disruptions, especially between product handling groups,
some differences became obvious. Figure 45 shows the resulting performance profiles in the
case of disruptions in food and pharmaceutical supply chains.

Figure 45: Disruption profiles for food products and pharmaceuticals

1="very good"
5="very bad" Temperature Maintenance

O
Adherence Transport Route ;\
( ‘ \ 1
'A.“ A A —+—TFood (N=37)

\\ w"’l ,l Integrity Packaging ~ —%—Pharma (N=22)
e

Completeness Documents

Accuracy Documents Product Quantity

Punctuality

Whereas the disruption profiles are nearly identical regarding “product quality” and “integrity
of packaging”, “
could be explained by better adherence to transportation schedules in pharmaceutical supply

chains, for example because of a higher degree of automatization, or because of higher priori-

punctuality” has been rated considerably worse in food supply chains. This

ties given to pharmaceuticals as regulatory requirements are more strict than for food products
(Marucheck et al. 2011). “Temperature maintenance” in turn has been rated worse in the case
of pharmaceutical supply chains, which is indicated by higher values. On the one hand, this
could be explained by an increased use of temperature monitoring equipment in pharmaceuti-
cal supply chains, which provides better evidence on cold chain ruptures. Indeed, respondents
handling pharmaceuticals reported more frequently to use temperature monitoring devices in
75% to 100% of transactions as respondents handling food.""'

On the other hand, the difference could be explained by differences in perceptions of signifi-
cance of temperature deviations, as temperature deviations in pharmaceutical supply chains

1 See Appendix 2.
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may have significant detrimental impacts on the effectiveness of pharmaceuticals, and
therewith on patient’s life (Matthias et al. 2007). Furthermore, the more wide-spread use of
active cooling technologies in food supply chains might be an advantage, as active cooling
allows for greater flexibility and active temperature management (Siebel 2000). Thereby,
counteractions can be taken more easily and fast upon observation of temperature excursions.

Additionally, it becomes obvious that in the pharmaceutical supply chain disruptions, disrup-
tions are more limited to deviations from product plans, while in the food supply chain disrup-
tions, the overall performance is lower. This could be explained by a larger interdependency
between the product quality and the logistics quality, as for example delays also reduce shelf
life,"*? and stresses the importance of considering both aspects in the evaluation of operational
performance. The distinction between both product groups becomes slightly more pronounced
when controlling for the type of handling company as shown in Figure 46.

Figure 46: Disruption profiles for product category handling groups
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Especially regarding “integrity of packaging”, there is a larger difference between the product
groups. Furthermore, whereas before “punctuality” was different between the two groups, no
significant differences can be observed if handling groups are taken into account. For the ma-
jority of indicators, the handling group for food and pharmaceuticals lies in between the other
two groups, wherefore a differentiation into handling groups does not seem to yield additional
insights, as the product categories provide a clearer picture. The same can be observed for dif-
ferent supply chain segments, which is highlighted in the disruption profile:

2 See section 2.5.2.
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Figure 47: Disruption profiles in logistics and production and retail
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Whereas slight differences exist in “accuracy of product quantity” and “temperature mainte-
nance”, overall the disruption profile is quite similar for the different segments. In conse-
quence, the distinction of product groups seems to be the most important factor for explaining
differences in the extent of supply chain disruptions.

Comparing all three profiles, it becomes apparent that there is a tendency of disruptions to
affect to a larger extent the product performance than the logistics performance. On the one
hand, this might be due to a better ability of supply chain agents to fulfil general logistical re-
quirements in comparison to cold chain specific requirements. On the other hand, this could
be explained by the relative ease of judging the product quality as the outcome of the process
compared to judging the process itself. This would also explain why punctuality was rated
worse than the other indicators of logistics quality, as it is easier to observe and to measure
than the other indicators. However, based on the findings on disruptions and differences be-
tween logistics performance and product performance, the question results, how these differ-
ences can be explained. Therefore, section 4.5.2 focuses on the analysis of empirical findings
on causal relations between transaction type, interface structure, and operational performance
in the worst case, hence the case where a disruption occurred.

4.5.2  Effects of Interface Design on the Extent of Disruptions

In sections 3.4.3 and 3.5.1, it has been hypothesized that the interface structure as well as the
achievement of operational planning depends on the characteristics of the transaction. There-
fore, the type of transaction has been characterized by three variables, namely “asset specific-
ity”, “frequency”, and “volume uncertainty”. As exogenous variables of the causal model,
their effects on the interface structure and on cold chain performance will be analyzed first
before turning to the effects of the interface structure. Furthermore, the first order and second
order models will be analyzed sequentially, to enhance comprehensiveness.
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First order model

In the final model, “asset specificity” has been measured with five indicators. Table 35 shows
the loading and complete formulation of each indicator:

Table 35: Relevance of indicators for the construct “asset specificity”

ID Indicator Loading

Specl | We have made significant investments in cooling and monitoring 778
equipment dedicated to our relationship with this partner

Spec2 | This partner has some unusual technological/managerial processes .855
and standards, which have required adaptation on our part

Spec3 | Training and qualifying this partner has involved substantial .783
commitment of time and money

Spec4 | Our logistics system has been tailored to fit the particular pro- .811
ducts/services of this partner

Spec5 | Our information system has been tailored to meet the requirements .663

of dealing with this partner

The reason why Spec6 had to be excluded is presumably that in contrast to the indicators
above, it asked for the necessity for specific investments, which is not the same as the extent
of investments realized. This might explain why the answers of respondents to the sixth indi-
cator did not correspond sufficiently with the other five indicators, resulting in poor loading
on the construct. Of the remaining indicators, Spec2 loads highest, suggesting that where spe-
cific investments were taken, most were concerned with training employees to deal with new
processes, or to apply different decision-making criteria. However, the degree of instructions
seems to remain equal, as no significant influence of “asset specificity” on “level of detail” or
“preciseness” has been detected. Therefore, it seems likely that one work prorgamme has been
replaced with another one, without increasing the complexity of tasks.

In total, “asset specificity” has a significant effect on three variables of the first order model,
namely “durability”, “range of addressees”, and “logistics performance”. The first one,
namely “durability” has been measured with three indicators:

Table 36: Relevance of indicators for the construct “durability”

ID Indicator Loading
Dur2 | The procedures for product and document exchange have already .863
been in use for a long time
Dur3 | The procedures to exchange information were developed a long time 919
ago
Dur4 | We expect the procedures for the exchange of products and docu- .627

ments to endure for a long time

As can be seen, Dur2 and Dur3 have the highest loadings on the construct, implying that the
two items referring to the past duration are most important for the construct. Since predictions
about the future involve a certain degree of uncertainty, the higher loadings of already wit-
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nessed facts seems to be comprehensive. “Asset specificity” has a significant negative effect
on “durability” (- .4427*%), which indicates firstly that the temporal stability of procedures for
exchange processes is indeed influenced by the specificity of the transaction partner. Secondly,
the direction of relation implies that the more specific investments have been carried out, the
less durable become procedures for coordinating product and information flows. This effect
can be explained by a higher need for the transaction partners to adapt to each other, which
has also been claimed by transaction cost theory (Williamson 2002). From this point of view,
the more specific investments become, the higher is dependency on the partner, wherefore the
structure and processes of the own company are altered to cope with the new assets and re-
quirements by the partner. Hence, compared to the general procedures in place, these proce-
dures might appear to more recent.

This is also consistent with the importance of Spec2 for “asset specificity”: if processes are
adapted to meet the requirements by the partner, they are presumably in place for less time
than general processes and standards. At the same time, due to the dependency on the partner,
the future retention of these procedures might be less certain, if the stability of partnership
cannot be predicted accurately. Thus, temporal generalization of exchange procedures is re-
duced if partner-specific adaptations of equipment and operations take place. Therewith,
Proposition 14.1 can be specified into a hypothesis with a concrete assumption on the effect
direction. However, as this relation has been observed in a specific case, namely when proc-
esses where not realized as planned, this hypothesis is not necessarily valid for all cases.
Therefore, the proposition is not only specified regarding the effect, but also regarding its
situational validity:'*

hypothesis 2 In case of disruptions, if asset specificity increases, then durability of ex-
change procedures decreases

Apart from this negative path coefficient, “asset specificity” also shows two significant posi-
tive path coefficients. The first one relates “asset specificity” to “range of addressees”
(+.3125%) and can be understood as an increase in socio-spatial validity of procedures for in-
teraction with rising partner-specific assets. “Range of addressees” was thereby operational-
ized as follows:

Table 37: Relevance of indicators for the construct “range of addressees”

ID Indicator Loading
RoA2 | Procedures for information exchange are available to guide everyone = .834
involved
RoA3 | Procedures exist for everyone involved in the exchange processes .989

' Therewith, universality of validity is reduced, which decreases information content of statements (see sec-

tion 1.2). At the same time, determinateness of the statement is increased, which increases information con-
tent and falsifyability of hypotheses Popper (1973).
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Even though only two indicators remained after the quality evaluations or “range of address-
ees”, both indicators load highly on the construct. Considering the effects of specific assets on
optimal governance structures, Williamson (1981) argues that products requiring specific as-
sets can most likely not be passed through standard channels, as people supposed to handle
the product require special knowledge and abilities. This has also been affirmed in this re-
search, especially by the high loadings of Spec2 and Spec3. Additionally, respondent no. 110
for instance stresses the importance of “dedicated teams from A to Z” and respondent no. 48
suggests “follow up your employees with education and relevant information”. Hence, when
products and partners become more specific, employees of all parties involved in the logistics
processes must be in possession of tailored instructions, increasing therewith the “range of
addressees”. Especially in case cold chain logistics, supply chain partners tend to specialize in
the provision of these services (Aertsen 1993). To assure temperature maintenance end-to-end,
the involved parties consequently all have to adhere to specific requirements, wherefore the
emergence of specialized networks can be assumed. In consequence, this leads to a specifica-
tion based on the general undirected assumptions of Proposition 15.1:

hypothesis 3 In case of disruptions, if asset specificity increases, then the range of ad-
dressees of exchange procedures also increases

Furthermore, apart from these effects on dimensions of the interface structure, “asset specific-
ity” has a direct connection to one dimension of disruptions, namely “logistics performance,
which has been operationalized as:

Table 38: Relevance of indicators for the construct “logistics performance”

ID Indicator Loading
LP1 Punctuality .822
LP2 Accuracy of documents 932
LP3 Completeness of documents 922
LP4 Adherence to preferred transport route .840

The construct “asset specificity” showed a significant positive relation to “logistics perform-
ance” (+ .2894%). That infrastructure, equipment and processes which have been tailor-made
to fit the requirements by the transaction partner lead to better maintenance of logistical re-
quirements seems to be logical. Thereby, the risks associated with an increased dependency
on a specific transaction partner are juxtaposed to the benefits of better service quality and
may reduce potential hazards (Williamson 2008). At the same time, it is intriguing that “prod-
uct quality” does not benefit from higher specificity of assets in these cases. This finding
leads to the deduction of the following hypothesis based on Proposition 6:

hypothesis 4 In case of disruptions, if asset specificity increases, then logistics perform-
ance also increases
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Apart from characterizing transactions by the type of assets employed, the frequency of inter-
action was also hypothesized to have an impact on the interface design. This hypothesis is
supported by four significant paths between “frequency” and elements of the interface struc-
ture, as well as of the supply chain performance. Since frequency is a manifest variable, it has
been operationalized as:

Table 39: Operationalization of “frequency” of transactions

ID Indicator Scale

Freq In comparison to other transaction 1 (very frequent) - 5 (very infrequent)
partners, how frequent are transactions
with this partner?

The first significant path links “frequency” to “level of detail” (+ .4313**) and can be under-
stood as an increase in the extensity of procedures with increasing frequency of transactions.
“Level of detail” was thereby operationalized as follows:

Table 40: Relevance of indicators for the construct “level of detail”

ID Indicator Loading
Detl We have a wide range of procedures to consider for all aspects of the 921
information exchange
Det3 | There are procedures on the entire range of tasks concerned with the .803

exchange of products and documents

Hence, it is assumed that more frequent transactions with the same transaction partner lead to
a wider range of procedures, which have been defined between the parties. This can be again
explained with the help of transaction cost theory, which postulates that more measures are
taken to assure both parties” compliance with the agreed-upon contract, if parties move away
from spot-market transactions to repeated collaboration and long-term contractual agreements
(Williamson 1971). To assure that the partner knows exactly how exchange processes have to
be conducted and that no misinterpretation occurs, more detailed procedures would then be
established. With detailed agreements on how to interact with each other, both parties might
try to prevent opportunistic behaviour, as ties become closer and dependency increases.
Hence, the general assumption that frequency of transactions does not have an effect on the
interface structure can be rejected and reformulated as:

hypothesis 5 In case of disruptions, if frequency of transactions increases, then the level
of detail of exchange procedures also increases

Regarding potential direct effects on product and logistics performance, both of the paths are
positive and significant at the .05 level. The effect on “logistics performance” (+ .296*) is
thereby smaller and slightly less significant than the effect on “product performance”
(+.321%*). “Product performance” has thereby been operationalized as:
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Table 41: Relevance of the indicators for the construct “product performance”

ID Indicator Loading
PP1 Temperature maintenance 718
PP2 Product quality 925
PP3 Integrity of packaging .595

As already mentioned in section 4.5, indicator PP4, “accuracy of product quantity” was elimi-
nated due to its relatively poor loading of .313 on the construct. A possible reason might be
that it is less affected by process performance, as the quantity is fixed before the process starts
and less variable as e.g. temperature. Furthermore, spoilage is not necessarily detected or con-
trolled for at every stage in the supply chain, as such manual handling is in case of food prod-
ucts normally only done after harvest and later on at a DC (Hiilsmann & Brenner 2011). In the
case of pharmaceuticals, inaccurate product quantity might even play a more insignificant role
as products are not simply thrown away if unfit for use (WHO 1999). Other reasons for wrong
quantity at the end of the logistics process, such as theft, might be less common than the is-
sues reported above. The highest loading has “product performance”, whereas “integrity of
packaging” is comparatively low.

Both positive effects can be explained by the development of routines for exchange proce-
dures, if transactions with the same partner occur more frequently and results are consistent
with other empirical research in supply chains (e.g. Spekman & Kamauff 1998; Fearne 1998;
Artz 1999). From a decision theory perspective, the individuals receive the same stimulus re-
peatedly, wherefore less problem solving is required, facilitating correct decision making.'**
This might also imply that they know how to react to process deviations in such a way that
comparatively less damage is incurred. Additionally, for the case of identification by indi-
viduals with a group, March & Simon (1958) state that the more frequent interactions are be-
tween an individual and other group members, the greater is the identification with the group
and the group’s goals. Hence, for the case of interactions at interfaces, individuals may
change their priorisation of tasks and put more efforts on compliance with the instructions re-
ceived for transactions occurring more frequently. Thereby, the importance of frequent trans-
actions with the same partner is highlighted and Proposition 5 decomposed into two hypothe-
ses:

hypothesis 6 In case of disruptions, if frequency of transactions increases, then logistics
performance also increases

hypothesis 7 In case of disruptions, if frequency of transaction increases, then product
performance also increases

The last variable of the transaction type regarded here is uncertainty. “Volume uncertainty”
has been operationalized based on Walker & Weber (1987) as:

14 See section 3.4.3.
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Table 42: Relevance of indicators for the construct “volume uncertainty”

ID Indicator Loading
Unl With this partner, to what extent are significant fluctuations in the 933
monthly shipping volume requirements expected?
Un2 With this partner, to what extent are shipping volumes considered to .890

be uncertain?

In this case, none of the path coefficients were significant at the .05 level, wherefore Proposi-
tion 4 seems to hold true for the case of disruptions. This finding contradicts transaction cost
theory and decision theory, which postulate both a negative effect of uncertainty. An explana-
tion might be that natural fluctuations are considerable for the entire sector, due to e.g. sea-
sonal demand and difficulties to forecast production volumes (Vega 2008). In this case, vol-
ume uncertainties might be prevalent in all transactions alike and not only with respect to one
specific partner. Furthermore, volume uncertainty might be less pronounced in the segment of
LSPs, as part of their business model is to combine shipments of different partners to opti-
mally use their capacities (Aertsen 1993). Hence, the LSP might not experience volume un-
certainties to such an extent as for instance the producer.

Starting also alphabetically, “durability” has a significant negative effect on “product per-
formance” (- .2773%*). At first sight, this effect seems unexpected, considering that from a de-
cision theoretic point of view, one could assume that errors are reduced if activities are more
routinized (March & Simon 1958). However, as has been highlighted in section 3.2.3, routi-
nized behaviour might also lead to lower aspiration levels. These may in turn lead to the ap-
plication of learned solutions to new stimuli, which might require different solutions, and
therewith to errors of commission.'*® Since products might differ substantially regarding
shipping requirements, once defined procedures might not always be appropriate once and for
all. In the case where for example the product is already out of the adequate temperature range,
it might require additional cooling or should not be accepted at all. In this case, predefined
procedures might be inadequate if they do not consider exceptions from the norm. This is also
supported by respondent no. 110 who claims that “SOPs, Procedures, etc.... will not help if
people don’t know how to handle”. Hence, the defined procedures might require additional
interpretation, to identify the intended outcome, and adapt the procedures accordingly. Propo-
sition 2.1 is therefore specified as:

hypothesis 8 In case of disruptions, if durability of exchange procedures increases, then
product performance decreases

The changing nature of product requirements would also explain why “durability” has a posi-
tive relation to “logistics performance”, even though it is only significant at the .1 level
(+.2784). Hence, whereas procedures would have to be adapted to changing requirements by
products, long-term validity of procedures would benefit logistics quality due to routinized

145 See section 3.4.2.
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activities. However, for the case of disruptions, the impact of “durability” on “logistics per-
formance” cannot be affirmed at the significance levels regarded.

Apart from “durability”, the constructs “preciseness” and “range of addressees” also show
significant paths to “product performance”. Thereby the effect of “preciseness” on “product
performance” is highly significant and negative (- .4867**). The construct has been opera-
tionalized as:

Table 43: Relevance of indicators for the construct “preciseness”

ID Indicator Loading
Prec2 |In important matters, procedures are very clear for checking pro- 779
ducts and documents
Prec3 | There are exact procedures on how to exchange information 972

One possible explanation would be a mental overload posed on employees for how to conduct
exchange processes. In this line of thought, respondent no. 48 suggests: “Keep it simple and
be practical. Do not implement procedures that cannot be followed in practice. Follow up
your employees with education and relevant information”.'*® This is supported on the one
hand by Remer (1989) who stresses the limits of instructions for reasons of practicability, and
on the other hand by decision theory, which assumes limited cognitive capacities of individu-
als. Another explanation would be that intensively predefined procedures cannot be realized
in practice, as the complexity of the situation is not taken into account. Interestingly, the indi-
cator referring to the information flow loads higher on the construct as the indicator for the
product flow, which might be a hint at that procedures are less precise for the exchange of
products and documents. In this context, Remer (1989) stresses that precise and detailed pro-
gramming only makes sense, if the contextual parameters can be adequately foreseen. Given
the complex operations at interfaces, where several exchanges might take place at the same
time, it might be less sensible to define as precise procedures as for the information flow,
which is more on a metaphysical level and which might be more identical for different ship-
ments as the physical handling requirements. In the case of deviations, precise instructions
could thereby mislead employees to execute their tasks as prescribed by procedures, instead
of trying to counteract the deviation by handling the product differently. In consequence,
Proposition 1.2 can be specified to:

hypothesis 9 In case of disruptions, if preciseness of exchange procedures increases,
then product performance decreases

The other significant path concerns the “range of addressees”, which in turn is positive
(+ .4211%). Interpreting the path, the quality of the product becomes better if agreed proce-
dures exist for everyone involved in the logistics processes. This is supported by several re-
spondents in the survey. For instance, respondent no. 139 requests “involvement of all parties

146 An overview on the comments is provided in Appendix 15.
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in the supply chain... [who A/N.] should agree on defined processes before they go live” and
respondent no. 81 states that “everyone must follow the agreed procedures”. From a decision
theoretic point of view, the complexity of decision making for the individual is reduced, as the
aspiration level and the way to achieve this level are clearly defined, which is why March &
Simon (1958) favour objectives that can be easily operationalized for the context of the indi-
vidual. Furthermore, referring back to the explanation of why specific assets seem to favour a
large range of addressees, the involved parties might belong to a supply chain network spe-
cialized on certain product groups, wherefore each individual knows better how to protect the
products in case of deviations. Therewith, it becomes easier for the individual to make opti-
mal decisions as it possesses the knowledge required. Therefore, Proposition 3.1 is reformu-
lated as:

hypothesis 10 In case of disruptions, if the range of addressees of exchange procedures
increases, then product performance also increases

Subsuming the results of the first order model, some significant relations have been identified
between transaction type and interface structure, between transaction type and disruptions,
and between interface structure and disruptions. However, whereas “asset specificity” and
“frequency” both showed several significant effects, “volume uncertainty” revealed no sig-
nificant effects at all. With regards to its operationalization, its measurement does not reveal
any violations of the defined quality criteria, and since an established scale has been used, it
can be assumed that no measurement-specific errors result in lacking significance of paths.
Furthermore, its items were identified by industry experts as being more important as other
indicators of uncertainty, wherefore also its relevance seems to be established. Notwithstand-
ing these attempts to enhance the validity of measurement, it might be possible that either the
indicators were not appropriately formulated, or that volume uncertainty is much less relevant
as other kinds of uncertainty in the context of cold chain logistics. Nevertheless, the impor-
tance stipulated by transaction cost theory of volume uncertainty cannot be confirmed in this
research, as it does not affect the interface structure or performance to a significant degree.
Based on the findings presented above, Figure 48 shows the resulting first order causal model
for the case where disruptions occurred.
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Figure 48: Validated first order causal model on effects of interface design on disruptions
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Another interesting point is that the direction of effects is not always the same between the
constructs of interface structure and the two constructs of disruptions. Hence, apparently “lo-
gistics performance” and “product performance” are not always changing in the same direc-
tion, whereby important causal relations might be hidden if all indicators of both constructs
were taken as equal representations of disruptions in operational performance. This highlights
the importance of defining disruptions as two different constructs. This has also been shown
by the disruption profiles in section 4.5 and might result in different effects in the successful
transaction scenario. However, also between the first order model and the second order model
for the case of disruptions differences have been observed, wherefore the findings of the sec-
ond order model will be presented first. To avoid redundancies, only those findings will be
presented, which refer to changed relations, or new relations, in comparison to the first order
model.

Second order model

As already indicated by the strong relation between “asset specificity” and “durability” in the
first order model, the relation to “standardization” in the second order model is negative and
highly significant (- .4402**). This effect can be interpreted as: with more specific invest-
ments into a partnership, exchange procedures become less standardized to accommodate the
more specific needs of the respective partner. Based on transaction cost theory, this could be
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explained by the need to design monitoring and control measures more carefully, as assets
cannot be redeployed without incorporating sunk costs in case of preliminary termination of
the partnership (Williamson 2008). Therewith, procedures which are sufficient for less spe-
cific partnerships do not meet the level of expectation and need for reassurance required here,
and have to be replaced by tailor-made solutions. These findings are also supported by previ-
ous research results by Artz (1999), who found that investments in specific assets of both par-
ties increase collaboration and commitment. Thereby, transaction partners move away from
market transactions and create interdependencies in their working relationships (Heide & John
1990). At the same time, they assure their ability to adapt to contingencies in their bilateral
contracts Artz (1999). Therewith, adaptability is enhanced, while standardization of proce-
dures is reduced. Thus, Proposition 14 is specified for the case of disruptions as:

hypothesis 11 In case of disruptions, if asset specificity increases, then the standardiza-
tion of exchange procedures decreases

At this point, the hitherto lacking relevancy of “asset specificity” to “product performance”
can finally be observed: when regarding the total effects, “asset specificity” is positively cor-
related with “product performance” (+.2908%)."” According to Hair et al. (2014), the direct
effect and the total effect differ, if another variable mediates the relationship, which can only
be the case, if both paths between the exogeneous variable, the mediator, and the endogeneous
variable are significant. Here, as the path between “asset specificity” and “standardization” is
considerably significant and negative, while the path between “standardization” and “product
performance” is less significant, but still negative, specific assets seem to increase product-
related performance by reducing standardized interactions. This is consistent with the findings
of Heide & John (1990) and Artz (1999) on the advantages of adaptability of collaborative
partnerships, where both parties engage in specific investments. At the same time, this inter-
pretation of asset specificity seems to be more positive compared to transaction cost theory,
where such investments are rather regarded as trigger for safeguards or vertical integration
(Williamson 1971). Therewith, it falls rather in line with evolutionary and co-evolutionary
theories, which have already been applied for instance to the fresh produce industry, where
considerable positive outcomes of co-evolution were observed (Wilson & Hynes 2009).
Therewith, Proposition 6 can be respecified as:

hypothesis 12 In case of disruptions, if asset specificity increases, then product perform-
ance also increases through reduction of standardization

The same development emerges for “frequency” of transactions: the positive and significant
path for “level of detail” results in a highly significant positive relation between “frequency”
and “degree” (+ .3369**). This indicates that more elaborate procedures are agreed upon by
partners in frequent exchange relationships, which can again be explained by transaction cost
theory and the tendency to draft more carefully the exchange relationships in recurrent trans-

7 For the total effects see Appendix 13.
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actions (Wathne & Heide 2004). Respondent no. 112 states in this context: “The first step is to
sign a good Quality Assurance Agreement (QAA A/N.). The QAA must describe all the techni-
cal processes and also the organisational framework including the information pathways be-
tween both companies. The QAA should be extensive and accurate, providing no room for
misunderstanding”. Hence, breadth as well as depth of the agreement is considered to be im-
portant to avoid misunderstandings between both partners. The rising transaction costs caused
by more carefully designed agreements can then be amortized through a larger amount of
transactions. At the same time, the causal relation might also be the other way round: because
of the need to describe exchange procedures extensively, transaction partners prefer to exe-
cute transactions more frequently with the same partner, to avoid additional costs and efforts.
Nevertheless, given that transaction partners firstly have to decide to work together before
drafting any agreements, it seems more probable that the decision to engage in frequent col-
laboration comes first. In consequence, Proposition 10 is respecified as:

hypothesis 13 In case of disruptions, if frequency of transactions increases, then the de-
gree of programming exchange procedures also increases

However, whereas in the first order model, the path between “frequency” and “logistics per-
formance” as well as “product performance” were positive and significant, they are not sig-
nificant any longer. Apparently, the “degree” of programming fully mediates the relations be-
tween “frequency” and “product performance”, as well as “logistics performance”.'*® Thereby,
positive effects prevalent on the first order construct level diminish, due to apparently
stronger negative effects of the second order construct. Hence, the positive effects by “fre-
quency” on performance are superposed by the simultaneous positive effects on “preciseness”
and “level of detail”, which in turn have negative effects on performance in case of disrup-
tions. The positive effect of “frequency” on “degree” confirms the assumptions made in sec-
tion 3.5.1, namely that setup costs of transactions can be distributed over more transactions,
which justifies more elaborate programs. However, as March & Simon (1958, p. 187) notice,
the motivation experienced during program development decreases considerably when it
comes to program execution, and the individual turns into an “orderly bureaucrat”. Addition-
ally, they stress that decisions made during program development are frequently not reconsid-
ered during program execution, which may in case of deviations also lead to inferior perform-
ance, as decisions are not adapted to the actual situation. In this context, further research
should consider not only the extent of programs, but also the actual compliance with these in
daily operations. However, for the current research, the following hypothesis can be deduced:

hypothesis 14 In case of disruptions, more frequent transactions do not increase process
performance, if the degree of programming the exchange procedures also
increases

8 According to Baron & Kenny (1986, p. 1173), a variable has a mediator function, if it “represents the gen-

erative mechanism through which the focal independent variable is able to influence the dependent variable
of interest”.



Analysis of the Findings and Possible Implications 243

The construct “standardization” in turn has a significant relation to both, “logistics perform-
ance” and “product performance”. However, whereas the effect on “logistics performance” is
positive (+.2751%*), the effect on “product performance” is nearly the same in magnitude, but
negative (- .2769%). This supports the impression already gained from the first order model
that the two constructs of process performance fall apart in the case of disruptions. The posi-
tive effect on “logistics performance” can be explained by the development of routines, which
reduce the complexity of decision making for the individual. However, whereas the dimen-
sion “durability” was already significant in the first order model, “invariability” showed no
significant paths. Based on the quality evaluation, it has been operationalized as:

Table 44: Relevance of the indicators of the construct “invariability”

ID Indicator Loading
Invaril | We agreed that under all circumstances, the procedures for 547
exchanging products and documents are the same
Invari3 | Our exchange procedures do not vary a lot 995

As can be seen, the two indicators differ substantially in their loadings, and since only two
indicators remained, an explanation for the lack of significant paths might be high measure-
ment errors. Nevertheless, whereas in the first order model none of the two dimensions loaded
highly on “logistics performance”, in the second order model this path indeed is significant,
indicating that both dimensions reinforce each other and lead to a positive influence.

Even though the products might change, the logistical activities seem to remain similar
enough to allow for a high standardization of exchange procedures, wherefore few errors and
therewith little deviations in “logistics performance” occur. This is also confirmed by respon-
dent no. 44 who states “/ will strongly recommend that procedures and standards must be in
place for each process. Flexibility can be exercised but continuous deviations must have some
penalties or disadvantage”. "* Standardization of processes thus increases the efficient execu-
tion of tasks, as more activities can be executed rather automatically instead of requiring prob-
lem-solving capacities. The goal to optimize resource utilization and increase efficiency by
reducing variations can be found for example in the use of Six Sigma or lean management
principles, which also try to optimize the distribution of products (Arnheiter & Maleyeff
2005). This leads to the re-specification of Proposition 2:

hypothesis 15In the case of disruptions, if standardization of exchange procedures in-
creases, then logistics performance also increases

However, the increasing standardization of processes to optimize the outcome also has some
drawbacks. For instance, the use of lean management principles might reduce the adaptibility
of processes to such an extent that unforeseen events cannot be handled appropriately. In this
context, Engle (2011) reports on the drawbacks of lean supply chains in the face of natural

49 See section 3.4.2.
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disasters, where companies are not able to cope with breakdowns at supplier facilities, as
safety buffers have been eliminated. This would explain why in the case of “product perform-
ance”, “standardization” has a negative effect. If processes have been standardized to such an
extent that no alternative handling of products requiring special care is considered, the effi-
ciency of processes is enhanced at the expense of product quality. At the same time, the prob-
lem does not necessarily reside within the system, but may also be caused by individual deci-
sion making. If the individual does not possess the required level of knowledge on how to
handle the product, it might simply assume that no special actions have to be taken (i.e. pat-
tern recognition). As a result, hypothesis 16 can be deduced as:

hypothesis 16 In case of disruptions, if standardization of exchange procedures in-
creases, then product performance decreases

A considerable change in comparison to the first order model is the effect of the construct
“formalization” opposed to the effects of “rigidity” and “range of addressees”. While the first
order constructs did not show any significant influences, “formalization” significantly affects
“logistics performance” and “product performance”. The effect on “logistics performance” is
thereby negative (- .2417%), whereas the effect on “product performance” is highly significant
and positive (+ .218**). This indicates that whereas both first order constructs were associ-
ated too weakly with disruptions, they reinforce each other on the level of the second order
construct. “Rigidity” has been operationalized here as:

Table 45: Relevance of the indicators for the construct “rigidity”

ID Indicator Loading
Rigl The agreement contains penalties if procedures for the exchange of .610
products and documents are not followed
Rig2  Procedures for information exchange are considered to be the law 721
Rig4 Violations of procedures for exchanging products and documents are .793
normally tolerated (R)

The negative effect on “logistics performance” may be explained by comparing the two first
order constructs regarding path coefficients and t-statistics. Thereby, it becomes apparent that
“rigidity” is more influential than the socio-spatial dimension “range of addressees”. Consid-
ering that “logistics performance” involves a temporal dimension (i.e. punctuality), which was
rated worse than all other indicators for the construct in the case of disruptions, then an expla-
nation would be that with more rigid exchange procedures, the exchange takes more time, re-
sulting in less punctual shipments.

In contrast, “product performance” was affected positively, with “range of addressees” having
the largest impact, which can be explained with a more careful treatment of the products by
everyone involved. As has been shown in section 4.4.3, the extent of third party involvement
had a significant negative impact on “product performance”. This can be explained by trans-
action cost theory, as the adherence to agreed upon contracts cannot be observed directly,
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wherefore the risk of opportunism is increased (Williamson 2008). This is also supported by
decision theory, as individuals tend to be satisficing, implying that not more efforts are taken
as necessary (Simon 1979). However, if predefined exchange procedures become binding for
all parties involved in the shipping process, everyone is forced to comply with the require-
ments to avoid the incurrence of repercussions. This leads to the re-specification of Proposi-
tion 3:

hypothesis 17 In case of disruptions, if formalization of exchange procedures increases,
then logistics performance decreases

hypothesis 18 In case of disruptions, if formalization of exchange procedures increases,
then product performance also increases

Comparing the two models, the causal relations have been affirmed in the case of “standardi-
zation”. Further evidence on the importance of constructs was found for the case of “formal-
ization”, whereas the relevance of the dimensions of “degree” decreased upon combination.
Furthermore, “logistics performance” and “product performance” seem to develop in opposed
directions when disruptions occur or at least are not affected by the interface structure in the
same way. Figure 49 shows the resulting causal model for the second order constructs:

Figure 49: Validated second order model on effects of interface design on disruptions
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In conclusion of the findings above, it seems as if the hypothesized organizational causes of
disruptions indeed have substantial influence. Even though not all constructs were found to be
relevant, the majority revealed some interesting causal relations. However, the question arises,
whether these relations are only significant in the case of disruptions, or can be generalized to
impacts of organizational design on cold chain performance. Therefore, section 4.5.3 will jux-
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tapose the findings of causal relations in the case of disruptions with those of the case where
the logistics processes performed as planned.

4.5.3  Effects of Interface Design on the Susceptibility to Disruptions

Whereas the objective of the previous section was to identify organizational causes of disrup-
tions, the objective of this section is to identify general causal relations between the design of
interfaces and operational process performance in cold chains. Thereby, it shall be assessed
whether the factors that were identified to result in extremely bad performance have an abso-
lute bad influence or whether their influence depends on their degree and/or the context. Fur-
thermore, those factors resulting in better performance in the case of disruptions shall be ana-
lyzed to see whether this positive influence holds true also for regular cold chain performance,
to identify which factors indeed increase the susceptibility to disruptions, and which reduce
susceptibility to disruptions. Therefore, the significant path coefficients for the best case will
be analyzed and compared to the worst case.

First order model

Comparing in turn the effects of “asset specificity” on interface structure in the worst case and
the best case, the general patterns are quite similar, even though to different extents. For “du-
rability” for instance, the influence of “asset specificity” is reduced and less significant (-
150 this indicates that

the negative effect of “asset specificity” on “durability” decreases with increasing specific

.2586*). As the extent of investments in partner-specific assets is higher,

assets, but still remains significant, hence that an asymptotic relationship between the two
variables exist. Considering that partner specific investments can theoretically be infinite,
whereas durability has a natural zero point, this form of relation seems to be logic. Hence, hy-
pothesis 2 can be generalized to:

hypothesis 2.1 If asset specificity increases, then durability of exchange procedures de-
creases

At the same time, the effect of “asset specificity” on “invariability” grows from being insig-
nificant to significant at the .05 level (- .3131%). This would imply that with processes work-
ing as planned, rising asset specificity would result in more flexible procedures, in a temporal
and situative sense. On the one hand, this could be explained by higher service levels offered
for strategic partners. On the other hand, these assets might be in place for products with more
demands, where procedures cannot be standardized as for other products. From a transaction
cost theory point of view, the dependency on one or few suppliers of a specific product in-
creases the extensity of contractual agreements and the investments to assure that all parties
comply with the contract (Williamson 1971). This is confirmed by respondent no. 44 who
states “one is tempted to have different procedures for different partners under the guise of

150 See comparison of means can be found in the explanation volume..
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tailor-made, but in reality it is designed to suit once dependence on that partner”. Hence, as
has already been highlighted in section 4.5.2, where dependency in a partnership is high, the
parties adapt their agreements to cope with contingencies and to become more competitive as
strategic partners. Thus, Proposition 14.2 can be specified into a directed hypothesis for the
case where operational processes can be realized as planned:

hypothesis 19 In case of regular operational processes, if asset specificity increases, then
invariability of exchange procedures decreases

Furthermore, as this causal relation has not been confirmed for the case where disruptions oc-
curred, one could assume that one cause of disruptions lies herein: if specific assets are em-
ployed but the procedures are invariable, the probability of disruptions would become higher.
The need for adaptation has been stressed by Aertsen (1993) for the outsourcing of logistics
services, who states that the logistics service provider has to adapt to the formal and informal
procedures of its client to comply with its demands. From a decision theoretic point of view, a
lack of adaptation of work processes by the service provider would lead to errors of commis-
sion, if unadjusted procedures would be applied to new processes. Therewith, the risk of
mismatch between transaction type and interface structure would increase, resulting in more
errors and deviations from process plans. Hence, based on the comparison of both cases, the
following hypothesis is deduced:

hypothesis 20 If asset specificity increases and invariability of exchange procedures does
not decrease, then susceptibility to disruptions increases

Also the even more pronounced and highly significant path coefficient to “level of detail”
(+ .4017**) could be explained along this line of thought, as it has been significant via the
total effects and negative in the case of disruptions. Considering that these partners are adapt-
ing processes, equipment, or infrastructure to each other, a rise in the level of detail of proce-
dures seems to be logical, since employees have to be instructed on how to adapt their work
processes. Decision theory explains the need for instructions to two different kinds of stimuli.
In the first case, a stimulus evokes an activity which has been learned and routinized through
repetitive stimuli without much effort. In the second case, a stimulus involves to some extent
problem-solving activities, to find an appropriate activity as an answer.">' Hence, detailed
procedures in the case of newly implemented assets help employees to reduce their problem-
solving efforts and assure that activities are carried out as required. This finding falls in line
with the analysis of agricultural supply chain agreements by Loader (1997), who reports on
advantages of close agreements between suppliers and UK retailers when specific assets are
employed. Consequently, Proposition 13.1 is specified for this case as:

hypothesis 21In case of regular operational processes, if asset specificity increases, then
the level of detail of exchange procedures also increases

151 See March & Simon (1958).
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The effect of “frequency” on “level of detail” is less significant though still positive
(+ .2306%), while the hitherto not significant effect on “preciseness” is now significant, too
(+.2244%*). Thereby, the strength of path nearly is the same as in the case of disruptions, but
the significance increases from the .1 level to the 0.5 level, implying that the extent of pre-
ciseness varied less than in the other case. Both effects are similar in size and magnitude,
which indicates that in the successful case, more frequent transactions had more detailed and
more precise exchange procedures. Considering that in the other case, frequent transactions
were only associated with detailed procedures, the possitive association also with precise pro-
cedures might result in more balanced instructions, which provide the individual with all in-
formation required on the range of tasks, as well as on the exact content of tasks. Therewith,
firstly, hypothesis 5 can be generalized to:

hypothesis 5.1 If frequency of transaction increases, then the level of detail of exchange
procedures also increases

However, “preciseness” was not that much affected by more frequent transactions in the case
of disruptions. Comparing the mean values of “frequency” for both cases, transactions re-
ported for the inferior case occurred slightly less frequent. This might be an indicator for an
asymptotic relationship between both variables, where at the high end of transaction fre-
quency, the accuracy of instructions is increasing considerably. This seems comprehensible,
since the number of partners at a certain level of partnership is presumably decreasing the
more one moves away from market transactions to vertical integration. Hence, instead of fo-
cussing on precise agreements with the bulk of partners, only those partners receive special
treatment, which are considered as strategic partners, what Williamson (2002, p. 183) terms
“credible contracting”. Hence, Proposition 10.2 is replaced for the case of regular perform-
ance by:

hypothesis 22 If frequency of transactions increases, then preciseness of exchange proce-
dures also increases

Furthermore, the path to “logistics performance” is in the best case similar to the path in the
worst case, namely positive and significant (+ .2459*). This indicates that the higher the fre-
quency of transaction, the better is the process performance regarding logistics quality, no
matter if disruptions occurred or transactions are realized as planned. Hence, hypothesis 6 can
be generalized to:

hypothesis 6.1 If frequency of transactions increases, then logistics performance also in-
creases

The hitherto significant path to “product performance” in turn is not significant anymore,
which seems to indicate that more frequent transactions help to avoid the worst damage to
food and pharmaceuticals, but does not lead to extraordinary performance.

Another similarity to the worst case is that volume uncertainty does not reveal any significant
path coefficients to the constructs of interface structure or process performance. This finding



Analysis of the Findings and Possible Implications 249

opposes the assumptions made by transaction cost theory, where especially significant paths
to the constructs “rigidity” and “range of addressees” would be expected (Hobbs 1996). How-
ever, this might also explain why both constructs are nearly not explained at all by the causal
model.

Regarding the components of interface structure, “durability” shows two significant paths to
the variables of process performance. The path to “logistics performance” again is positive,
and this time highly significant (+ .4980%*). At the same time, the path to “product perform-
ance” is also highly significant, but now, it is positive (+ .3059**). Hence, the effect of “du-
rability” differs substantially between the worst case and the best case, even though its mean
value is approximately the same. The effect on “logistics performance” can again be ex-
plained as in the previous section with routinized activities and relatively predictable and sta-
ble requirements.'>> Hence, a general causal relation between “durability” of exchange proce-
dures and “logistics performance” seems to exist, indicating that the more enduring the ex-
change procedures, the better is logistics quality. At the same time, the strength of relation is
reduced substantially with higher deviations from process plans, wherefore “durability” rather
seems to facilitate optimal performance, rather than preventing inferior performance. There-
fore, the following hypothesis is stipulated:

hypothesis 23 In case of regular operational processes, if durability of exchange proce-
dures increases, then logistics performance also increases

The reversed effect on “product performance” seems to imply that in transactions where proc-
esses are executed as planned, long-term exchange procedures foster the ability of employees
to take the right decisions and to perform the required activities, enhancing the maintenance
of product quality even more. At the same time, such durable procedures are detrimental in
case of deviations. This could be explained by decision theory, if individuals base decision
making on pattern recognition instead of seeking alternative solutions resulting in errors of

commission, or low aspiration levels, which lead to errors of omission.'*?

This trade-off between assuring excellent product quality if plans can be realized and prevent-
ing even worse product quality in case of disruptions, can also be observed for “preciseness”
of exchange procedures, where the effect also changes from being negative to positive, if
processes are realized as planned (+ .3857*). March & Simon (1958) argue that a crucial as-
pect of the effectiveness of rewards systems is dependent on how precise performance stan-
dards are formulated. In a similar fashion it can be argued that the more precise the program is,
the easier it becomes for the individual to identify the aspiration level and to control its per-
formance against this level.

This is also supported by respondent no. 48 by referring to “relevant information” and by re-
spondent no. 115, stating that “very clear procedures are extremely important”. Respondent
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See section 4.5.2.
See section 3.4.2.
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no. 43 even refers explicitly to the performance criteria by stating that most important is
“clear and transparent communication of requirements for transportation (time, temperature,
routing, volumes)”. For the case where processes are realized as planned, the following hy-
pothesis can be deduced:

hypothesis 24 In case of regular operational processes, if preciseness of exchange proce-
dures increases, then product performance also increases

One explanation for these two controversial effects is that the predefined procedures do not
match product requirements in certain situations and that if being followed nevertheless prod-
uct quality is becoming even worse. To recognize where exchange procedures might not be
appropriate for maintenance of product quality in turn would require that employees firstly,
can identify initial deviations, and secondly that they know how to avoid further damage to
the product. In consequence, product quality would have to be constantly monitored and the
data exchanged between partners. The fact that such equipment is not in place is highlighted
by respondent no. 66 who explains “the key in the supply chain for temperature sensitive
products is to identify the weak spots, normally the escalation points where the product is
handed over from one to the other party. This process should be harmonized, as currently this
is still not done. The fear factor of taking ownership of any liability in this process and the
fact that transparency is still a curse in our industry, [results in that A/N.] we as an industry
fail to improve the complete supply chain”. This is also supported by respondent no. 69 who
demands for “visibility through integrated IT systems”. Thereby, the increase in transparency
would have two effects: on the one hand, as mentioned by respondent no. 66, parties would
have to assume responsibility, if processes were not realized as planned. Especially if only
one of the parties is dependent on the partner, higher transparency might be regarded as a risk,
raising either the demands by the partner, or the claims incurred. On the other hand, individu-
als would have more guidance in their decision making, if they can rely on technological sup-
port. Hence, whereas on the organizational level, from a transaction cost point of view, higher
transparency might be undesirable, from the individual level and decision theory, higher
transparency might be favourable. Therewith, a kind of trade-off seems to exist between in-
creasing performance by preventing errors, and avoiding penalties because of inferior per-
formance.

In order to account for these insights based on the comparison of both models, further deter-
minants thus seem to play a role in explaining why some supply chains for food and pharma-
ceuticals might be more susceptible to disruptions than others. Therefore, additional hypothe-
ses are derived for further empirical research. Based on the argumentation above, the follow-
ing hypothesis is derived:

hypothesis 25 If transparency of operational processes increases, then susceptibility to
disruptions decreases
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The other requirement for preventing further damage is that employees have the know how to
deal with these special goods, demanding for more investments in the human resource base.
In the case of food products, the reciprocally stimulating increase of ripening gas and tem-
perature (Mercantila Publishers 1989) could for instance be interrupted, if the product is ac-
tively cooled down again before the transport continues, which might require a deviation from
regular processes. The need to handle actively such deviations is also stressed by the respon-
dents in the survey. For instance, respondent no. 112 states: “[The Quality Assurance Agree-
ment, A/N] must include procedures for handling [...] deviations and change control. How-
ever, the best QAA doesn’t help, if it is not implemented”. This is also stressed by respondent
no. 107 who states: “Establishing the complete process, ensuring all involved are in agree-
ment and trained, monitoring adherence, evaluating deviations and putting CAPAs [Correc-
tive and Preventive Action, A/N] in place”. Hence, the existing procedures for exchanges
processes for regular operations have to be completed by additional procedures for cases
where deviations from process plans occur. The decision on which procedures are applicable
have to be taken by the employees, resulting in more cognitive demands and therewith requir-
ing more skilled employees. These considerations lead to the following hypothesis:

hypothesis 26 If specialization of employees increases, then susceptibility to disruptions
decreases

Based on the findings for the second sample where processes were realized as planned, Figure
50 shows the resulting adapted and validated causal model.

Figure 50: Validated first order model on effects of interface design on performance
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Summarizing the findings on how “product performance” and “logistics performance” be-
come extraordinarily good, “frequency” of transactions, “durability” of exchange procedures,
and “preciseness” of exchange procedures increase process performance directly, while “asset
specificity” reduces the quality indirectly through the reduction of “durability” of exchange
procedures. In contrast, in the case of disruptions, “frequency” of transactions is the only de-
terminant, which improves both, product and logistics quality, while “range of addressees” at
least improves “product performance”. However, this variable in turn does not seem to be
relevant in the case where processes are realized as planned, even though many participants in
the survey stressed the importance of having all parties involved to agree and comply with the
same procedures.”” One explanation could be that the absolute number of parties involved
differed more in the sample of the worst case, so that in those cases where less parties were
involved, the relative range of addressees was larger as in those cases with more parties. This
explanation is partly supported by the fact that the extent of third party involvement was
found to have a detrimental effect on “quality performance”. Additionally, the mean value of
third party involvement was higher in the worst case, as well as the standard deviation, indi-
cating a greater variance in the sample between different observations.'> This would imply
that whereas the absolute range of addressees did not change between both samples, the rela-
tive range of addressees did and would stress the importance of further investigations into
third party involvement.

Furthermore, when comparing the two causal models, there are differences in the variables for
which causal relations have been observed. Whereas the transaction type in both cases is the
same, with “frequency” and “asset specificity” as determinants of interface structure and sup-
ply chain performance, the variables of the interface structure partly change. This implies that
those aspects of the interface structure determining performance during normal operations are
not all the same as those determining performance in case of disruptions. Furthermore, the
effects of variables partly change between both cases. Hence, the cause and effect patterns
underlying disruptions seem to be different than those of regular operations, confirming the
choice of analyzing two opposite poles as a first approach to the analysis of organizational
causes of disruptions. Also for the second order model differences were observed, as will be
illustrated in the following paragraphs.

Second order model

In the second order model, the effect of “asset specificity” on “standardization” becomes less
significant (- .302*), which can be explained by the reduced effect on “durability” and its
higher importance for the construct “standardization”.*® Nevertheless, hypothesis 11 can be
generalized to:

154
155
156

See Appendix 14.
The mean values can be found in the explanation volume.
See the correlation matrix in section 4.4.3.
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hypothesis 11.1 If asset specificity increases, then standardization of exchange proce-
dures decreases

Furthermore, the construct has a significant effect on “degree” (+ 2977*), which can be ex-
plained by the highly significant path to “level of detail”. Therewith, Proposition 13 is speci-
fied to:

hypothesis 27 In case of regular operational processes, if asset specificity increases, then
the degree of programming exchange procedures also increases

The relationship between “frequency” and “degree” is also confirmed (+ .2622%*) and there-
fore hypothesis 13 replaced by:

hypothesis 13.1 If frequency of transactions increases, then the degree of programming
exchange procedures also increases

As indicated by the first order model, the path coefficient between “standardization” and “lo-
gistics performance” becomes more significant (+ .3860**), indicating that if processes can
be realized as planned, standardization is favourable for the achievement of expected logistics
performance. Therewith, hypothesis 15 can also be generalized to:

hypothesis 15.1 If standardization of exchange procedures increases, then logistics per-
formance also increases

However, this general relation cannot be confirmed for “product performance”, as indicated
by and reasoned for the first order model. In contrast to the second order model of the worst
case, “standardization” has a highly significant positive effect on “product performance” in
the best case (+ .2488**). In case of a stable environment, March & Simon (1958) argue that
standardized procedures support optimal individual decision making by providing stable deci-
sion rules. If the environment is not stable however, they stress that organizations require a
repertory of programs, so that short-term adaptiveness is assured by deciding on which pro-
gram to apply. Hence, standardized procedures only seem to be favourable if any deviations
can be excluded, which explains the controversial effects on “product performance”. There-
fore, the following hypothesis can be deduced:

hypothesis 28 In case of regular operational processes, if standardization of exchange
procedures increases, then product performance also increases

The last interesting observation when comparing both cases is that “formalization” becomes
irrelevant when logistics processes are realized as planned. Thus, formalized exchange proce-
dures seem to help to prevent the worst process outcomes in terms of product quality, but do
not facilitate excellent performance. This might also explain why some respondents are rather
against formalized exchange procedures. For instance, respondent no. 50 prefers “open line
communication with a goal to achieving improvement and not penalties”, while respondent no.
61 states that in the fruit and vegetable sector, “business is mainly done by gentlemen’s
agreement”. These opinions also provide reason for the overall lack of significance of “rigid-
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ity” as determinant for process performance. Hence, compared to the second order model of
the disruption scenario, some differences become obvious, which can be also seen by compar-
ing Figure 48 with the following Figure 51:

Figure 51: Validated second order model on effects of interface design on performance
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Comparing the two models, it becomes obvious that again, the variables of the transaction
type relevant for this research do not change between cases. However, whereas in the case of
disruptions, “frequency” did not reveal an effect on “logistics performance”, in the best case,
the path coefficient is significant at the 0.05 level.'>” Hence, the mediating effect of “degree”
in the case of disruptions does not hold true for the best case scenario, presumably because the
effect direction of “preciseness” also changes. Thereby, “level of detail” and “preciseness”
show now opposite effects, reducing the importance of “degree”. This seems to confirm the
assumptions made in section 4.5.2 regarding the adequacy of programs: only if procedures are
not perturbed by environmental conditions, extensive programming does not have a negative
impact on performance.

The variables of the interface structure in turn are firstly not all the same in both samples, and
secondly have partly different causal relations. This indicates that one has to differentiate be-
tween several objectives in the design of interfaces: firstly, the objective to foster excellent
performance if processes can be realized as planned, secondly, the objective to mitigate devia-
tions before they turn into disruptions, and thirdly, the objective to prevent disruptions. All
three may require different approaches to interactional programming and are not in all cases
complementary, but rather controversial, as for instance durable procedures. Furthermore, the
findings indicate that decisions taken during the interface design stage do not necessarily
match the subsequent situation during execution of transactions, as precise or durable pro-
gramming do not necessarily yield optimal performance, but even may have detrimental ef-

57 See Appendix 9.
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fects. Even though standardization fosters logistics performance in both cases analyzed, the
question emerges whether the design of alternative programs would not increase the short-
term adaptiveness as stipulated by March & Simon (1958) and result also in better product
performance when deviations occur.

This observation also leads to the next finding of the comparison of both cases: if the aim of
transaction partners is to achieve the best performance in terms of logistics, they should be
aware of potential trade-offs with respect to product quality. The provision of alternative pro-
grams to actively counteract deviations may result in more complex decision making for indi-
viduals, but at the same time prevent disruptions from developing to the full extent.

Furthermore, the positive effects of frequent transactions on performance can only be realized,
if transaction partners do not only consider the feasibility of extensive programs, but also their
usefulness. Thereby, the practicability of extensive programs needs to be taken into account,
as well as the cognitive abilities of individuals executing these programs, to avoid loss of
adaptability of procedures to assure optimal performance.

Apart from these findings concerning the performance, the comparison of the constructs of
the interface structure and their correlations reveal further insights. First of all, in both cases,
if significant correlations existed, these were positive. This indicates that increasing manifes-
tations of one construct is associated with increasing manifestations of several other con-
structs. Hence, whereas different dimensions of interactional programming are available for
the design of interfaces, they cannot be regarded as completely separated from one another,
even though they might belong to different second order constructs. However, these correla-
tions were not identical between the two cases, indicating that few generally persisting pat-
terns exist in the design of interfaces in cold chains.

The only construct, which showed relatively similar correlations for both cases, is “durability”,
which seems to be closely linked to all other constructs except “level of detail”. The more
pronounced each of the other constructs is, the more durable the programming seems to be-
come. From a decision theoretic point of view, tailoring instructions for interactions poses
more burdens on the cognitive capacities of the individuals. This burden could then be com-
pensated by learning, if a sufficiently large time frame is provided. Also from a transaction
cost theoretic point of view, investments in tailoring instructions would have to be compen-
sated, which can be done if these investments can be amortized during a longer period of use.
Nevertheless, the partially considerable differences in correlations between the interface struc-
tures of the two samples indicates that the range of combinatorial possibilities is indeed not
limited to a few typical structures, even though the transitions seem to be flexible.

Based on these exploratory findings, further research requirements can be depicted, as will be
done in section 5.4. Such future research can now build on the specific hypotheses derived
and concentrate on relevant variables of the interface design as determinants of susceptibility
to disruptions. However, since two scenarios were considered, in which different causal ef-
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fects were identified, it is now possible to concretize three causal models for future research.
In the figure below, the dotted lines show the assumed relations resulting from the compari-
son of both cases and reflect either an increase or decrease of susceptibility to disruptions in
either the product performance or the logistics performance.
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Figure 52: Proposal of causal models for further research on supply chain performance
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As has been shown, the organizational design indeed seems to have considerable influence on
the performance of cold chains at interfaces. Several determinants have been identified that
lead to considerable differences in performance during disruptions, in the case where proc-
esses are realized as planned, or that have an influence in general. Furthermore, potential de-
terminants of susceptibility of cold chains to disruptions have been identified. The interpreta-
tion of the findings regarding theoretical and practical implications as the final step of empiri-
cal research as postulated by Diekmann (2002) will be subject to section 5.

4.6 Interim Conclusion

The purpose of section 4 was to plan, prepare, and execute the empirical analysis and to ana-
lyze its results. To this purpose, section 4.1 depicted the proceeding in the section. Section
4.2 was concerned with planning the empirical analysis in a step-wise concretization of the
research design. Therefore, in section 4.2.1 the target population was specified. Thereby, the
scope of analysis was broadened to supply chains for temperature sensitive food products and
pharmaceuticals. Based on this specification, the internationality of these supply chains, and
the resource constraints limiting the choice of methods, an online survey among cold chain
managers was selected for the data collection. With the choice of method, the operationaliza-
tion of latent constructs had to meet the requirements of survey-based research, and to be in-
terpretable by the participants. Therefore, in section 4.2.2 transaction type and disruptions as
deviations of process performance were operationalized. For the transaction type, specificity
of transactions was operationalized as “asset specificity” based on evaluation of practical
relevancy and theoretical quality of existing scales. Similarly, uncertainty of transaction was
operationalized as “volume uncertainty”. Disruptions have thereby been operationalized based
on suggestions by cold chain experts and based on the developed understanding of disruptions,
as disruptions in “logistics performance” and disruptions in “product performance”. Subse-
quently, in section 4.2.3 all scales of the interface structure were newly developed to fit the
terminological framework based on Remer. Wherever possible, existing scales were taken as
starting points for the construction of new scales. In the end, six new scales to measure the
constructs of the interface structure were developed.

However, before new scales can be used in empirical analysis, first of all, they have to be pre-
tested to assure their validity and reliability (Kromrey 2009). This was part of section 4.3,
which comprised the description of all empirical analyses. The pre-tests were described in
section 4.3.1 and based on the results the scales were adapted for the main survey. Thereby,
the methodology proposed by Anderson & Gerbing 1991 was applied, and indicators showing
insufficient proportions of substantive agreement as well as coefficients of substantive valid-
ity were deleted from the scales. Based on tests with experts from organizational research and
practice, the newly developed scales for all variables of interface structure were purified and
validated. Apart from testing the measurement models, another pre-test concerns the ques-
tionnaire (Schnell, Hill & Esser 2011), which was described in section 4.3.2. Based on the
comments received by research experts as well as cold chain experts, the questionnaire was
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refined and prepared for the main survey. The execution of the main survey was described in
section 4.3.3. In total about 350 potential participants were contacted via mail and received a
link to the survey. Of those, 96 participated, resulting in a response rate of 28.4%.

The description and analysis of the data was part of section 4.4. However, before the start of
analysis, firstly, decision criteria to assess the validity and reliability of measurements had to
be illustrated in section 4.4.1. This resulted in a list of quality criteria for the analysis of raw
data, indicators, and measurement models, as well as a four step procedure for the following
analysis. The sample, its composition and initial overviews on similarities and differences be-
tween sub-groups were presented in section 4.4.2. After the data set had been cleaned, the
sample contained 61 data sets for the subsequent analysis. Furthermore, this section revealed
partly considerable differences in the performance ratings by different sub-groups, especially
for ratings by different handling specialists. The description of results from the analytical sta-
tistic procedures were part of section 4.4.3. Thereby, the results showed nine significant paths
for the first order model and six significant paths for the second order model in the case of
disruptions, which supports the assumption that the interface design indeed has a considerable
effect on disruptions.

In section 4.5, the results of the empirical analysis on causes of disruptions in cold chains
were analyzed. In order to gain a deeper understanding of disruptions, section 4.5.1 firstly
compared the performance indicators for both cases. The substantial differences observed
support the understanding of disruptions as substantial negative deviations from the process
plans. Furthermore, disruption profiles of several sub-groups revealed differences in disrup-
tions in food and pharmaceutical cold chains and a more substantial deviation of product qual-
ity than of logistics quality. This finding supports the operationalization of disruptions as two
constructs and had also implications for the analysis of findings on disruptions presented in
section 4.5.2. In this section, the first order model and the second order model for the case of
disruptions were analyzed. Detrimental impacts were thereby identified for the “durability”
and “preciseness” of exchange procedures, while positive effects emerged from the “fre-
quency” of transactions, and the “range of addressees”. To find out whether these effects are
consistent across scenarios, section 4.5.3 compared the findings to the other case, where lo-
gistics processes were realized as planned. Thereby, “durability” and “preciseness” showed
opposite effects on the performance, indicating that mechanisms of action are not the same if
disruptions occur. At the same time, “frequency” was again found to have a positive effect on
performance, showing that the effect of transaction types is consistent across scenarios, while
the effects of interface structure are not. The implications of these findings will be elaborated
in the next section.



5 Conclusions
5.1 Synopsis of the Main Findings

The main findings can be illustrated in analogy to the research objectives into descriptive,
analytical, and pragmatic constraints.

Descriptive contributions: In section 2, the literature review on disruptions and similar terms
resulted in the definition and separation of the phenomenon, which can now be described and
identified unambiguously. Therewith, this thesis provides a terminological basis for the inves-
tigation of disruptions. Furthermore, the literature analysis helps to embed the phenomenon
contextually, as well as to identify some of their causes and effects. Based on this definition
and explanation of disruptions, the comprehensiveness of the phenomenon increases, and fur-
ther research requirements are revealed.

Furthermore, the development of a classification framework for disruptions based on a sys-
tematic decomposition provides the possibility to differentiate between types of disruptions,
allowing for the analysis of commonalities and differences in their structure, determinants,
and consequences. By selecting the terminology of Remer for the classification of disruptions,
consistency with the following description of interface structures is enhanced. Furthermore,
the framework has therewith been expanded to the detailed description of operational plan-
ning, which has not been accomplished in the original work by Remer.

The scoring model developed in this thesis could be used for a systematic deduction of per-
formance indicators for the prevalence of disruptions in food chains. Therewith, disruptions
could be measured, misperceptions reduced, weak points identified, and countermeasures pri-
oritized. Furthermore, the analysis of causal relations and efficacy of countermeasures is en-
hanced. Thereby, robustness of food chains might be increased and disruptions prevented or
mitigated more effectively. Another advantage of the tool is the ability to use the same meth-
odology for other supply chain contexts, such as for the pharmaceutical industry, which has
already been developed elsewhere (see: Brenner & Hiilsmann 2013). This shows that the
methodology can be transferred and adapted, which increases the generalizability of the tool.
Based on this scoring model, a generic foundation for the identification and analysis of dis-
ruptions in supply chains is facilitated.

In section 3.3, this thesis contributes to the systematic description of interfaces by applying
Remer’s terminological framework of organizational structures to interfaces in supply chains.
Therewith, a systematic terminology for the description of interfaces has been provided,
which can also be expanded to the systematic description of supply chains in general, as has
been shown elsewhere (see: Brenner, Cordes & Hiilsmann 2013). Since the focus of analysis
shifts from company-centred management and performance to supply chain-centred manage-
ment and performance (Beamon 1999), interfaces require a more thorough investigation and
consideration as a natural part of organizational structures in supply chains. The thesis pro-
vides to this purpose a basis for describing and analyzing interfaces in more detail, which may

V. Brenner, Causes of Supply Chain Disruptions,
DOI 10.1007/978-3-658-08662-6 5, © Springer Fachmedien Wiesbaden 2015



262 Conclusions

foster the depth of insights on optimal configurations. At the same time, it shows the variety
of options to alter the structure of interfaces, which can be used to manage exchange proc-
esses between companies.

Analytical contributions: As has been noted for instance by Dunn, Seaker & Waller (1994),
empirical tests and validation of hypotheses on latent variables are scarce in logistics research.
They attribute this lack to the abundance of abstract and complex concepts in this research
area, and the difficulties to develop operational measures for these constructs. In this respect,
this thesis provides some useful insights and measures for further applications in logistics re-
search. This includes firstly that the methodology of pre-testing indicators by Anderson &
Gerbing (1991) can be applied in cases where large sample pre-tests are not possible. Thereby,
the preparation and execution of hypotheses-testing surveys in logistics settings becomes eas-
ier and fewer resources in terms of potential participants of the main survey are required ant
therewith used up for pre-tests.

Additionally, the phenomenon of disruptions was substantiated with indicators for investiga-
tions in cold chains. The resulting disruption profiles provide valuable insights on how ex-
actly disruptions affect operational performance and in which respect the sub-groups differ in
their susceptibility to disruptions. Therewith, tailor-made measures might be deduced and im-
plemented and the understanding of disruptions enhanced.

Another important aspect is the possibility to compare decent performance with unsatisfactory
performance in the same setting. The comparison helps to identify more exactly the contexts
to which the findings can be applied, indicating which findings are only applicable to a certain
kind of situtation, and which ones can be generalized to a larger extent. Hence, apart from the
content-wise insights, also the quality of findings can be better evaluated and more informa-
tive statements can be drawn.

Furthermore, this thesis provides measures for analyzing how transaction partners coordinate
exchange processes on the product and information flow level, which has gained a lot of in-
terest in research on supply chain management (Sahin & Robinson 2002). Therewith, it makes
an important contribution to substantiate research on supply chain management, by facilitat-
ing empirical testing and validation of hypotheses in a field, where currently case-studies and
simulation-based research prevails (Dunn, Seaker & Waller 1994). Additionally, it provides a
basis for measuring and analyzing performance in supply chains on an operational level, by
considering different dimensions of performance. Hereby, supply chain performance as a la-
tent construct is concretized, which enhances falsifyability of hypotheses.

Finally, apart from the findings on the application context, contributions to the organization
literature can be identified. Even though not at the center of interest, the correlations between
organizational structure variables, as well as their interplay with the transaction type, shed
more light on apparent interdependencies and organizational design options. Furthermore, the
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findings substantiate the assumptions of organizations theory that the choice of organizational
structures affects the performance of systems.

Pragmatic contributions: In section 4, insights on cold chain management in practice and
organizational performance drivers are provided. Thereof, further research requirements can
be deduced, but also suggestions for how to configure exchange processes for firstly, avoiding
disruptions, secondly, mitigating disruptions, and thirdly, enhancing excellence in cold chain
performance. Therewith, cold chain managers can be equipped with additional adjusting
screws and decision foundations, to increase robustness of supply chains and quality of ser-
vices and products. Furthermore, these findings might also be useful to other kinds of supply
chains, as they show the general goal conflict between increasing efficiency and assuring ro-
bustness of supply networks.

Since this research is presumably the first attempt to discover performance drivers in cold
chains, it lays the foundation for further analyses regarding theoretic and descriptive bases,
and provides already measures and hypotheses for further investigations. Figure 53 shows the
main contributions of this thesis in analogy to the illustration of research aims in section 1.

Figure 53: Contributions of this thesis
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Comparing the achievements of this thesis as illustrated above with the originally pursued re-
search aims, some differences can be observed. On the one hand, more contributions have

Pragmatic Aims

been made to research on organizational determinants of supply chain performance as ex-
pected in the beginning. On the other hand, these achievements may in some points not be as
complete as originally intended due to several limitations, which will be illustrated in the next
section.

5.2 Critical Reflection of the Proceeding and Results

As with every research, several limitations can be observed also in this context. The major
drawbacks shall be outlined in the following, to increase interpretability of this research and
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its findings. Thereby, the limitations of this research can be distinguished in analogy to the
research objectives into descriptive, analytical, and pragmatic constraints.

Descriptive constraints: the first point to be mentioned here is the definition of supply chain
disruptions developed in this thesis, which is not necessarily coherent with the understanding
by other researchers. Gaonkar & Viswanadham (2004, p. 2700) for instance understand dis-
ruptions as “radical transformations”, which contradicts the understanding developed here, as
it also incorporates less radical events. This difference in understandings may lead to misin-
terpretations and non-transferability of research results (Kromrey 2009). Furthermore, not
every publication on supply chain disruptions may have been discovered in the literature re-
view. Thereby, a bias in understanding might occur, if those publication not included would
focus on other aspects of disruptions.

The second point is the developed classification framework of disruptions, which also in-
cludes the scoring model for measuring disruptions.'® Thereby, the classes of objects and di-
rections are very broad and schematic, but may at the same time result in the exclusion of
other important classes. To be named are for example the choice of product characteristics
and logistics processes as basic unit of classification. Other classes, such as deployed equip-
ment, or information characteristics are not considered explicitly and run the risk of omission.
Another point of critique is that classes may appear to be unbalanced. For instance, whereas
the process step MAKE differentiates several types of primary production, it does not differ-
entiate between types of processing. Thus, whereas during primary production, disruptions
could be further differentiated into sub-classes, all disruptions occurring during processing
would belong to the same class, increasing thereby its relative importance and leading poten-
tially to biased empirical analyses. Furthermore, the development of indicators is based on
what is considered to be important. In consequence, the scoring model builds to a great extent
on expert opinion and experience, which may result in the omission of indicators relevant to
low-likelihood, high-impact events, which are a class of disruptions on their own (Oke &
Gopalakrishnan 2009).

However, not only the definition of indicators poses the risk of biased results. Another con-
straint is that the scoring model depicts the actual situation and relies on historical data. For
instance, thresholds established are based on data and experience from the past, which may
not reflect new developments, such as increasing robustness towards high temperatures due to
more effective packaging solutions. At the same time, in cases where no prior data exists, ref-
erence has to be made to similar cases, which reduces the exactness of thresholds. Even
though a prediction of disruptions may be possible for recurring processes under the same
specifications, no prediction can be done for — from the current point of view — highly im-
probable disruptions. Additionally, even though quantification of measures increases trans-
parency, discrete measures do not allow for a prediction of negative process changes, but only

138 Regarding the limitations of the scoring model, see also: Brenner, Hiilsmann & Cordes (2013).
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ex-post observation (Dietrich & Schulze 2005). Consequently, the tool needs to be constantly
updated and adapted, to assure that it reflects the current situation. To counteract path de-
pendencies in the assessment of vulnerabilities in supply chains, one might work with a sce-
nario technique (Murray, Matisziw & Grubesic 2008), to obtain a more holistic picture.

The third point to be mentioned is the use of the terminological framework by Remer. One
drawback of this framework is that it is very general and abstract, which leaves an ample
space for interpretation and logic errors. Especially inter-subjective identical interpretation
seems to be at risk, considering firstly that it is translated, which leaves room for misinterpre-
tation. Secondly, between the description of its main objects and its operationalization in an
industry-specific context, many transformation steps have to be conducted, wherefore much
bias can be introduced between conceptualization and empirical analysis. Indeed, its applica-
tion in this research might be considered as being still on a relatively abstract level, where
more tailoring to the empirical research might be desirable to avoid that the methodology dic-
tates the content of research. One crucial point here is that an empirical validation of the
model is not possible, due to its conceptual and descriptive nature. At the same time, other
important variables of organizational structure might receive less attention, or might be omit-
ted altogether, as the selection of dimensions depends always on the perspective and the scope
of conceptualization (Kieser & Walgenbach 2007).

Analytical constraints: limitations regarding the objective to deduce true and informative
statements are firstly, that the classification of research on disruptions based on its science
theoretic foundation bears the risk of excluding important findings, which could have led to a
different scope of analysis. To be named here is for instance the exclusion of simulations of
process plans, which could result in the attribution of too much importance on interactional
programming, rather than on intra-actional programming. Furthermore, the focus on interfaces
in cold chains results in the exclusion of company-internal causes of disruptions, which could
also have an impact on performance at the interface itself. In this context, Remer (1989)
stresses that a position is only completely covered by regarding both, differentiation and pro-
gramming. By reducing the scope of analysis to the degree, standardization and formalization
of interactional programming, important influences might be overlooked. The choice of di-
mensions is therefore a critical step in research on organizations, as therewith a pre-cut of re-
ality is effected, which determines the focus of the following analysis. Characteristics of real
organizations, which have been excluded in this step, cannot be considered anymore in the
following and therewith their potential effects are neglected (Kieser & Walgenbach 2007).
Apart from company-internal causes of disruptions, also the organizational structure at inter-
faces is not entirely covered in this research. For instance, the role of vertical coordination at
interfaces is neglected, which might lead to different explanations of why disruptions occur.

Secondly, apart from the choice of analytical scope, the choice of theories to explain causal
relations might also lead to constraints. Transaction cost theory for instance can lead to an
over-accentuation of opportunism and problems of transactions as causal explanation, omit-
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ting that companies might have other reasons for close cooperation, such as convenience. Fur-
thermore, the focus on three basic determinants of types of transactions, which are not neces-
sarily on the same level of analysis or control of companies, results in a schematic depiction
of transactions, which omits other important aspects, such as strategic decisions. Also the as-
sumptions of decision theory should be adopted with caution: as Chmielewicz (1979) remarks,
bounded rationality might be rather a normative judgement, as only because an external ob-
server does not understand the motives for a decision, they might be completely rational to the
decision maker. In this point, decision theory might contradict itself, as the concept of satis-
ficing behaviour already is an explanation for taking decisions, which do not maximize the
overall outcome but personal utility, and is therewith also rational, though from an individ-
ual’s point of view. Another point of critique regarding the application of decision theory is
that it can be basically used for arguments in opposite directions. For example, the reasons for
errors can either be mental overload of individuals, or insufficient workload, depending on the
individual, the situation, and the task at hand. Therewith, a falsification of hypotheses be-
comes challenging, if it cannot fail in practice as demanded by Popper (1973). This problem is
not exclusive to decision theory, but an issue, which has not yet been resolved in social sci-
ence theory (Schnell, Hill & Esser 2011).

Thirdly, the preparation and execution of the empirical analysis involves several critical deci-
sions and contextual constraints, which have to be mentioned. The first one is the decision to
conduct a survey-based analysis. Some limitations of surveys are that the interview or re-
sponse situation, the behaviour of the interviewee, as well as the conceptualization and form
of the survey may have an effect on the answers provided by the respondent (Diekmann 2002).
Even though the importance of the role of the interviewee has been tried to be controlled by
conducting an online survey, online surveys as such represent challenges on their own as for
instance reported by Roberts (2007). To be named are a lack of control on the research setting,
technological limitations, and poor response rates. However, a more critical aspect seems to
be the reliance on individuals as source of information. This may result in biases due to a ten-
dency of respondents to answer questions in a socially desirable way, to misinterpretations, or
stereo-type kinds of answers (Bortz & Doring 1995). Especially when asking respondents
about such relatively abstract constructs as the design of procedures for exchange processes,
accuracy of answers might be imperilled. This problem has been also acknowledged by
Remer (2005), who favours therefore observations as method of choice, even though he rec-
ognizes its limitations regarding feasibility.

The second problem associated with the empirical analysis is the development of indicators
and measurements. Even though the pre-test methodology applied in this research has been
tested and accepted in practice (e.g. Anderson & Gerbing 1991; Mathwick, Malhotra &
Rigdon 2001; Miller-Martini 2008), it is up to discussion whether it can replace a complete
exploratory factor analysis. Consequently, the validity and reliability of indicators might be
compromised due to a lack of large sampling pre-tests.
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Another issue are measurement theoretical problems of rating scales. There is an ongoing dis-
cussion among researchers whether rating scales can be assumed to be interval-scaled or not,
which has also an impact on the statistical procedures which can be applied (Kromrey 2009).
Furthermore, rating scales may result in errors of evaluation, caused by influences by the sur-
vey situation (Bortz & Déoring 1995), which have been reported above. Therefore, the values
reported should not be misinterpreted as hard facts and the analysis of findings evaluated with
caution.

According to Buch (2007), causal analysis can be understood as an eclectic methodology,
which is dependent on its parametrical preconditions and the methods incorporated. Hence,
the analysis of causal relationships depends on the design of measurement models and the op-
erationalization of constructs. In this context, Diamantopoulos & Siguaw (2006), Jarvis,
MacKenzie & Podsakoff (2003), and others stress the importance of correct specification of
indicators as formative or reflective measurements, which can result in the wrong choice and
therewith lack of accuracy of results. As no previous operationalizations of Remer’s frame-
work were encountered, and existing operationalizations of organizational structure as under-
stood here lacking, little previous findings could be incorporated, which may reduce reliabil-
ity of the measurement models.

This is also supported by Peter (1981) who states that a single study does not establish con-
struct validity and that whether empirical findings support or invalidate a measure depends on
the research context. This seems especially true for those constructs, which have only been
measured by two indicators, as these measurements do not represent the strongest evidence
and may lead to identification problems if parameter estimates are not unidimensional (Chin
1998). At the same time, Hair et al. (2014) state that in cases of small populations, even single
items might be used as a pragmatic solution, wherefore measuring each construct with two
indicators seems to be not that problematic. Additionally, even though it has been tried to
substantiate validity of the model by applying it to two situations, no final quality evaluation
can take place without application to another independent sample. However, as has already
been remarked by Diekmann (2002, p. 210) empirical research design is always a “frade-off
between additional research efforts and potential quality improvements of the measurement™.

An additional issue arises regarding the transformation of the first order models into second
order models. According to Bagozzi & Yi (2012), second order formative constructs only
make sense, if there is high multicollinearity between their indicators, and if these indicators
can be considered to be dimensions of the higher order construct. Even though the two first
order constructs are considered as being dimensions of the second order constructs, high mul-
ticollinearity was only observed for “formalization” and “standardization” in the best case
scenario, whereas the other constructs were nearly completely different. This indicates either
that the operationalizations did not tab sufficiently well the constructs. However, this should
have become obvious in the quality evaluation of the worst case, too. Another explanation
would be that the terminological framework does not adequately cover organizational struc-
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tures in practice, at least in this case. Therefore, the results of the second order model should
be interpreted with caution, and further analyses should regard and measure both models
separately.

However, apart from analytical constraints caused by measurement-theoretic constraints, also
other influencing factors on the interpretability of results should be considered. For instance,
the reversed effect of “preciseness” and “durability” in both cases could also have other rea-
sons as non-suitability to the situation. As a matter of fact, the compliance with the estab-
lished procedures cannot be verified, as actual behaviour is not directly observed. In conse-
quence, procedures might have been adequate, but simply not applied.

Additional limitations can be identified regarding the execution of analysis. Firstly, represen-
tativeness of the sample is an issue, as the basic population can only be identified qualitatively.
Thereby, no comparisons can be executed between the sample and the basic population re-
garding equality of means, for instance regarding company size, geographic coverage, etc,
wherefore equality between sample structure and basic population cannot be asserted. This
has also a direct impact on the B-error of the analysis, hence the acceptance of a wrong null
hypothesis, as the size of the B-error can only be determined by comparing the sample to the
basic population (Bortz & Ddring 1995; Diekmann 2002). This inability stresses again the
exploratory nature of this research, whereby requirements such as selection of respondents
from a basic population become rather obsolete (Bortz & Doring 1995).

Pragmatic constraints: the pragmatic constraints of this thesis do not only include sugges-
tions on how to use the findings of the empirical part in practice, but also the developed tool
for measuring disruptions in section 2.4. The application of this tool requires firstly that it is
adapted to the context in which it shall be used. Even though it has been shown elsewhere that
by the same logic, also disruptions in pharmaceutical supply chains can be measured (see:
Brenner & Hiilsmann 2013), it may require considerable adaptation to be useful in a specific
supply chain setting. Furthermore, the development of indicators might be laborious in the
beginning, if disruptions shall be identified in their entirety. The question thereby results,
whether the resulting scoring model will be inter-subjectively comprehensive and whether
normative decisions on e.g. thresholds, weightings, etc. can be controlled to such an extent
that the tool can be transferred and applied by different people and in changing settings. Thus,
it stands to reason that the tool is feasible and useful and therewith the empirical validation is
still lacking.

Last but not least the empirical findings cannot be generalized to supply chains as such, due to
the constraints reported above. Hence, whereas some patterns seem to be persistent across
product groups, supply chain segments, or countries, the exploratory nature and lacking repre-
sentativeness of the sample negates the possibility to apply the lessons from the findings to
other supply chains or even organizations involved in cold chain logistics. For instance, as
some European countries are comparatively overrepresented, there might be cultural, regula-
tory, or infrastructural biases in the sample, which would lead to false claims if suggestions
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would be generalized to other geographic regions. Furthermore, deducing exact suggestions
seems to be difficult, given that most of the measures build on Likert scales, and therewith on
subjective assessments (Bortz & Doring 1995). As with empirical social research in general, it
has to be kept in mind that the explanations provided for how consrtucts might be causally
related are only an excerpt of possible explanations, which can only be suuported by experi-
ence and further research (Zetterberg 1973).

Given all the constraints pointed out above, it becomes obvious that on the one hand, results
of this research should be interpreted with caution, but on the other hand, that there are many
findings, from which lessons can be learned. These shall be depicted in the following section.

5.3 Theoretical and Practical Implications of the Findings

Based on the contributions and limitations of this thesis as depicted in the previous sections,
the question rises, what can be learned from the findings?

The first point regarding the theoretical implications of this research can be made with refer-
ence to the literature review on disruptions. Thereby, it became obvious that the majority of
publications did not mention how disruptions are understood by the researchers. To increase
comprehensiveness and accuracy of research, relevant terms should be defined at the begin-
ning of each publication, to avoid such fragmented and inconsistent understandings, as has
been found here for disruptions. Furthermore, the share of research including theory-based
hypotheses and their empirical testing was found to be quite low. Due to the relevance of dis-
ruptions in practice, efforts in this respect should be increased to provide practitioners with
aid for the avoidance and mitigation of disruptions. At the same time, the scarcity of research
findings offers a large variety of opportunities for further research, as will be shown in the
next section.

What became apparent during the deduction of hypotheses is the ambivalence in interpreting
transaction cost theory and decision theory. That the direction of influence of a variable may
indeed depend on its particular manifestation was confirmed in section 4.5.3 and stresses the
importance of examining the assumptions of the theories from different points of view. How-
ever, it also shows that their applicability and interpretability should be reflected critically and
should be completed by descriptive methodologies to decompose the phenomenon under
study to explain gradual changes. However, at the same time, transaction cost theory was
found to be not only applicable to make-or-buy decisions, but also to explain how companies
design their transactions without changing the institutional setting. This has already been
highlighted by Aertsen (1993) and increases the range of configurations, transaction cost the-
ory can explain. Nevertheless, for further theory building, the assumptions of transaction cost
theory and decision theoy should be rendered more precisely, so that they become falsifyable
as demanded for instance by Popper (1973).

The lacking importance of rigid procedures both, in the design of interface structures as well
as in the operational performance supports theories focussing on the positive aspects of inter-
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organizational relationships. The costs, risks, and drawbacks of such relationships, as for ex-
ample stressed by the principal agent approach or in transaction cost theory, did not seem to
be as important, since the safeguards, which rigid contracts are expected to provide did not
show any significant impacts. Instead, the assumptions of co-evolutionary theories about posi-
tive effects of close collaboration on joint competitiveness (Wilson & Hynes 2009) find sup-
port in the positive effects of frequent transactions and specific assets employed. Hence, re-
search on supply chain management should continue to focus on advantages of specialized
supply networks and strategic collaboration.

The measurement of interface structures in both cases provided some interesting insights on
structural patterns. It also showed that these abstract constructs used on organizational theory
cannot be completely separated from one another in empirical research. Researchers should
therefore be careful regarding the interpretability of results and the accuracy of indicators
used to measure such constructs, as interaction effects might result in measurement bias of
organizational structures.

The prevalent approach to research in supply chain performance is up to now still to focus on
the more abstract level, where companies and their interactions are the major unit of analysis
(e.g. Spekman & Kamauff Jr 1998; Ngai, Lai & Cheng 2004; van Aramyan et al. 2007).
However, as shown in this research, breaking it down to processes and people working in
these processes offers many explanations for differences in performance, as well as starting
points for the improvement of performance. Therefore, the micro perspective should neither
be neglected in analyzing and explaining supply chain performance, nor in the development
of unambiguous performance indicators.

Additionally, the scarcity of empirical research based on SEM and operationalizations of la-
tent variables in logistics research has already been criticised by Dunn, Seaker & Waller
(1994). Even though this kind of research requires a lot of careful preparation and is compli-
cated by the heterogeneity of supply chain agents, it allows for a more holistic perspective on
supply chain management and logistics processes, resulting in more realistic constraints and
assumptions.

The practical implications can be differentiated depending on the objectives of the decision
maker. These can be firstly, to foster excellence in supply chain management, secondly, to

mitigate disruptions, and thirdly, to prevent disruptions.'>®

Regarding the first objective, standardization of exchange procedures was found to increase
the performance in terms of logistics and products alike. Especially logistics quality can be
enhanced considerably by the use of durable procedures, resulting in punctual shipments, ad-
herence to preferred transport routes, as well as complete and accurate documents. Neverthe-
less, also product quality was found to be more optimally maintained if procedures were du-

13" However, it should be kept in mind that the findings are exploratory in nature, wherefore their applicability

should be thoroughly reflected in each case.
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rable and more precise. Therefore, if the objective is to become better in regular performance,
transaction partners in cold chains should reduce the amount of partner-specific investments,
increase the frequency of transactions with each other, and base exchange processes on pre-
cise and durable procedures. These findings can also be interpreted in a more general supply
chain or production system context: higher repetition of process steps, longer duration and
exact definition of work programs are associated with higher efficiency, supporting therewith
the school of thought by Taylor and others.'®

Regarding the second objective, the strategy becomes less unambiguous. Even though stan-
dardization was found to be fostering logistics quality if a disruption occurred, product quality
was affected negatively. Here, a trade-off between the two performance criteria emerges,
wherefore supply chain partners would have to decide which criterion to prioritize. This high-
lights the inequality of objectives and consequential need of differentiation of weights for dif-
ferent criteria, which has already been considered during the development of the scoring
model in section 2.4. Therefore, transaction partners should agree on what is considered to be
more important and should be aware of trade-offs in achieving both objectives. In the case
where mitigation of disruptions in logistics quality is deemed more important, the same strat-
egy as above applies. However, in the case where mitigation of disruptions in product quality
is more important, procedures have to be adaptive and less precise regarding how tasks should
be executed. This may require more training of employees in product specific handling, but
also smarter technology, which supports correct decision making and correction of potentially
critical deviations. Additionally, procedures should apply to everyone involved in the logistics
processes, so that in latter steps, agents do not have to mitigate the deviations caused by oth-
ers in the supply chain. Therewith, risk management is linked across companies and results in
a holistic supply chain risk management.

In the case of the third objective, hence the prevention of disruptions, a mixture of the two
previous strategies with some additional elements seems to be advantageous. Hence, ex-
change processes should be frequent, with standardized and precise instructions provided, but
at the same time, employees should possess expert knowledge on the requirements of prod-
ucts, to adapt the processes if deviations occur. This implies at the same time that employees
are provided with instruments for the evaluation of the status-quo of product quality, for ex-
ample with temperature monitoring devices and optical reference tools. The deviation from
procedures as required can be understood as active disruption prevention, and should be part
of cold chain management instruments. Indeed, in some cases, as for example the implemen-
tation of CAPA in pharmaceutical supply chains, such instruments are already in use. In these
cases, the individual is equipped with two alternative sets of rules and has to decide upon
which one is appropriate in a certain situation. This change of procedures falls in line with
emergency plans in production contexts, which are highlighted for example in the Business
Continuity Management philosophy and seems to be a logical expansion of these concepts in

190 See section 3.2.1.
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risk management. Therewith, risk management is linked across companies and results in a ho-
listic supply chain risk management.

Furthermore, preliminary results indicate that as much of the logistics processes should be
executed by either one of the partners as possible, avoiding numerous interfaces and influence
of other agents. However, before starting the actual operations, decision makers should be
aware that variables may not be omitted for the design of interfaces just because they were not
identified as drivers of excellence. Rather, they are part of the design options and therefore
require attention.

Subsuming the strategies above, the only factor which leads to higher performance in any one
of the cases, is the frequency of transactions. This highlights the importance of stable and
close partnerships in cold chains for the improvement of logistics quality and avoidance of
product losses. Therefore, wherever possible, producers, retailers, and logistics service pro-
viders should strive for a reduction of partners, to increase the performance of cold chains.

Figure 54 shows the suitable measures for the different strategies regarded.

Figure 54: Strategic choices and measures to improve supply chain performance

Strategy: Strategy: Strategy:
B Increasing Efficiency AN Mitigating Disruptions [N Preventing Disruptions [

Increase use of partner-
specific assets

Adaptive use of partner-
specific assets

Reduce use of partner-
specific assets

A

Reduce duration of defined
procedures

Increase duration of
defined procedures

Adaptive duration of
defined procedures

Increase precision of
defined procedures

Reduce precision of
defined procedures

Adaptive precision of
defined procedures

NN\

Apply the same procedures
to all transactions

Increase addressee range
of'defined procedures

Develop emergency plans
and apply when necessary

VNV NV N\

VNN
N

Increase frequency of transactions with the same partners

As the figure above indicates, the deduced measures are not necessarily limited to applica-
tions in cold chain specific contexts. Even though the indicators for product-related perform-
ance are tailored to this specific sector, at least the measures referring to logistics-related per-
formance might be transferable to other applications as well.

However, also in other kinds of supply chains, the same logic can be applied: if products have
been handled in a wrong way to the point where continuing the journey as planned would put
the shipment at risk, agents have the choice between adhering to the logistic goals or the
product goals. In case the latter is preferred, products might require e.g. repair or repackaging
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to protect them from damage, which requires time and additional efforts not planned for in
preparation. Instead, plans may also include buffers or alternatives, which could render supply
chains more robust to disruptions.

5.4 Outlook for Further Research

As has been shown in sections 2.2 and 2.3 of this thesis, research on disruptions in supply
chains, and in particular in food chains is still in an early stage and rather fragmented. Espe-
cially empirical findings are scarce, which could be used to better prevent and mitigate disrup-
tions. Apart from the content-wise opportunities for further research, the terminological and
conceptual deficits in research on disruptions could be reduced, if a common understanding
and terminology would be developed. Thereby, quality, transferability and comparability of
research results could be enhanced and robustness of supply chains increased.

Furthermore, even though transaction cost theory and its main components are well estab-
lished in research in supply chain management (e.g. Loader 1997; Hobbs 1996; Banterle &
Stranieri 2008; Heide & John 1988), variations from those components could be useful to de-
rive more facets of transactions. Especially volume uncertainty did not show any significant
effect in the empirical analysis conducted here, which might hint at other factors being more
important, being either other forms of uncertainty, or changes of perspective. For example,
some of the respondents pointed out at the importance of information sharing, which can be

: o lel
considered as a countermeasure of uncertainty.

As has been stated by e.g. Kromrey 2009, the usefulness of indicators always depends on the
purpose of empirical research. The same holds true for the usefulness of the scoring model
and the indicators developed therein. Hence, the scoring model could be amended regarding
the scope of measurement. For instance, in analogy to Remer 1989 and Remer 2005, there
could be adaptations with respect to the products considered in the degree, type or form —
hence changing its preciseness or the range of products, shifting to other product groups or
processing stages. The same applies to the activities regarded — hence changing the precise-
ness of activities, their range, type (e.g. action vs. prevention) or form (e.g. instruction-
oriented vs. goal-oriented). Additionally, empirical tests may reveal that the decision rules for
weighting and aggregating have to be adapted. Prioritization for instance can follow different
purposes, such as reducing waste or reducing financial losses. Furthermore, the tool could be
linked to other dimensions of supply chains, such as the structural or institutional dimension.
Therewith, relations between logistics processes and organizational structures could be ana-
lyzed and conflicts of goals identified — both, regarding conflicts between structure and proc-
ess, but also in between organizations or departments. Finally, the predictive ability of the
scoring model could be enhanced, for example by taking into consideration scenario tech-

niques, simulations, and findings of evolutionary and complexity theory.'®
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See Appendix 14.
See also Brenner, Hiilsmann & Cordes (2013).
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Starting from the description of the terminological framework by Remer in sections 3.3.2 and
3.3.3, the scope of analysis had been narrowed down in section 3.4.1 to interactional pro-
gramming of positions. In consequence, the analysis of dimensions of organizational structure
could be expanded again to cover more dimensions of the framework and to learn more about
organizational causes of disruptions. For instance, the comparison of intra-actional and inter-
actional programming of positions could provide insights for the question, whether similar
design of both types of programming results in lower probability of errors, or whether both
types have to be balanced to provide incentives to employees.

Even though the scales developed for the measurement of interface structure showed to be
consistent across two samples, these samples were not completely independent from one an-
other, nor extremely large. Therefore, the scales should be re-tested for more and larger sam-
ples, in other supply chain contexts, and with respondents from other organizational levels, to
assure model reliability. This would also allow comparing the results between application
fields and to identify similarities and differences in interface structures. Additionally, since
some of the scales remained after quality evaluation only with two indicators these should be
amplified to enhance their reliability and validity. For instance, the “range of addressees”
should involve apart from relative statements also statements which allow quantifying the ac-
tual range of partners and employees involved. By more extensive testing and application of
the measurement models, synergies could be created as research results would become trans-
ferable and comparable. The measurement models and research findings could then be inte-
grated into a tool for optimizing interface design.

The two dimensions of disruptions put into focus in this thesis could also be used as a starting
point for measuring disruptions in their entirety. Disruptions could then be constructed as sec-
ond order formative constructs, provided that all relevant dimensions can be identified. Hence,
a larger number of cold chain experts should be involved in the identification of further rele-
vant dimensions, to include for example regulatory and financial aspects in the range of di-
mensions considered. An optimal amendment would be to follow a multiple indicators multi-
ple causes (MIMIC) approach (Jarvis, MacKenzie & Podsakoff 2003), to increase unambigu-
ous identification of disruptions. Thereby, the inclusion of quantitative indicators should be
considered as a way to avoid normative evaluation of disruptions. The resulting model could
then be used to substantiate the hitherto relatively heterogeneous and evidence-lacking re-
search on supply chain disruptions in general, and in cold chains in particular.

Altogether, the empirical analysis undertaken in this thesis could be conducted in more
breadth and depth across different geographic regions, product groups, supply chain segments,
etc. Even though there is already a considerable body of research on e.g. advantages of part-
nerships in supply chains,'® these partnerships normally take quite different forms, and ex-
plicit consideration of exchange procedures is lacking as well as their effects on disruptions.
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Thereby, for example the question could be answered, which types of exchange procedures
yield optimal performance, when product and logistics quality attributes are changing in im-
portance.

However, also the exchange procedures were found to explain to a considerable extent
changes in logistics and product quality, other determinants should be considered to further
increase explicability as well as predictability of disruptions. This may include for instance
the more explicit modelling of human behaviour according to such models as illustrated in

Figure 16 in section 1. In this context, Frese, Graumann & Theuvsen 2012 for instance stress
the importance of motivation for the decision making of individuals. One possibility to con-
sider motivation could be the integration of the incentive system in the analysis, to see
whether different payment schemes may boost performance. Another determinant might be
the use of managerial practices and cold chain-related technologies, for which those practices
and technologies reported here may serve as a starting point.'® In fact, these could be used as
a starting point for an exploratory factor analysis to identify indicators for the technological
and managerial sophistication of supply chains, which might also be an explanation for dis-
ruptions. In this context, one of the respondents of the survey suggested the integration of fi-
nancial determinants, whereas another one suggested focusing in further research also on the

. . . . 165
role of regulatory requirements between countries as source of disruptions.

In total, there are many options for expanding the causal models depicted in Figure 52, which
provide a starting point for not only investigating disruptions, but also supply chain perform-
ance in general, as well as the topic of this thesis, namely organizational determinants for the
susceptibility to disruptions. Such research results might help to reduce wasteful resource us-
age along supply chains, increase resilience to disruptions and may contribute to close coop-
eration between research and practice. At the same time, rethinking how supply chains and
other production systems are designed might become necessary, as striving for more effi-
ciency reduces the possibility to individualize processes, which has been shown to increase
the susceptibility to disruptions.

193 Qee e.g. Ketzenberg & Ferguson (2008); Custédio & Oliveira (2006); Spekman & Kamauff (1998);
Trienekens & Willems (2007).

See Appendix 2 and Appendix 3.

See Appendix 15.
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Appendix 1: Comparison of effect of third party involvement in logistics segment for both cases

Path Coefficient Stalfda.rd Standard Error T Statistics
Deviation

Third Party Involvement -~ 0-1734 0,1572 0,1804 0,1804  0,1691 0,1691  0,9608 0,9295
> Logistics Performance

Third Party Involvement 0375** 0231 0,1301 0,1301 0,136 0,136  2,8815 1,6998

-> Product Performance

Appendix 2: Use of cold chain-specific technologies in different sub-groups

never 1-25%  25-50%  50-75% 75%-100%]| Total Mean
Food 0 7 2 2 17 28]
Temperature Pharma 0 1 2 3 8 14 3
Monitoring .
Mix 1 1 3 4 10 19)
Active Packaging Food 3 ? 3 2 > 24
Solutions Ph'arma 3 4 2] 4 0 13 1,8
Mix 2 5 3 5 3 18
Food 3 9 2 2 8 24
Location Monitoring ~ Pharma 2 6 4 0 1 13 2,0
Mix 3 5 2 3 5 18]
Food 8 9 6 1 2 26
Online Access Pharma 1] 4 3 0 5 12] 1.8
Mix 3 4 5 2 5 19
Food 9 6 5 3 2 25
Humidity Monitoring ~ Pharma 4 6 0 0 1 12
Mix 7 6 1 1 2 17
Food 2 13 6 2 2 25
Thermal Protection Pharma 0) 5 4 5 0 14 18
Mix 2 3 8 2 2 17|
Food 0 2 1 2 23 28]
Active Cooling Pharma 0) 4 5 4 1 4 29
Mix 0 9 0 3 6 18
Food 12 7 1 2 0 22
Gas Monitoring Pharma 8 1 0 0 0 9 0,5
Mix 9 4 1 0 0 14]
Food 5 14 3 1 0 23
Passive Cooling Pharma 1 3 7 2 0 13 14
Mix 4 3 7 2 2 18]

V. Brenner, Causes of Supply Chain Disruptions,
DOI 10.1007/978-3-658-08662-6, © Springer Fachmedien Wiesbaden 2015
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Appendix 3: Use of cold chain-specific managerial practices in different sub-groups

never 1-25%  25-50%  50-75% 75%-100%| Total Mean
Food 2 6 5 3 8 24
Tailor-made SOP Pharma 1 1 4 2 5 13 24
Mix 0 5 5 7 2 19)
Food 1 7 3 3 7 21
Complaint Handling
. Pharma 0 2 0 1 11 14 26
Practices R
Mix 2 7 2 3 5 19
Food 3 12 4 4 2 25
Informal 18
Communication Pharma 1 6 2 3 2 14 ’
Mix 0 9 4 4 2 19
Food 1 10 3 6 3 23
Formal Communication Pharma 0 4 2 5 3 14 21
Mix 0 9 4 2 4 19)
Food 1 4 1 3 16 25
Cold Chain Standards Pharma 0 0 3 1 10 14 3,1
Mix 0 4 3 6 6 19)
Training & lifvi Food 2 10 3 3 7 25
raining & Qualifying -y g 0 1 2 1 10 14 25
Partners i
Mix 1 6 3 2 6 18]
Food
5 6 2 3 25
Continuous Quality 9 23
Improvement Pharma 0 2 2 3 5 12 ”
Mix 2 6 4 5 2 19
Food 0 10 1 3 11 25
Audits of Partners Pharma 0 0 2 2 9 13 2,6
Mix 3 5 5 3 3 19
Private Quality Food 1 7 5 2 12 27
Management Pharma 2 2 3 5 [ 23
Standards Mix 3 4 5 D) 18
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Appendix 4: Quality evaluation of the adapted first order model applied to the best case scenario
. Composite Cronbach
. Loading AVE > ‘p -
Construct Indicator Reliability Alpha > R2
>0.4 0.5
> 0.7 0.6
Specl 788
Spec2 792
Asset Specificity Spec3 729 612 .887 842 -
Spec4 829
Spec5 770
Unl 783
Volume Uncertaint 760 -863 714 -
Y lun2 952
Detl 926
Level of Detail 784 .879 733 237
Det2 .843
Prec2 995
Preciseness 533 .631 536 .093
Prec3 273
Dur2 .839
Durability Dur3 729 618 829 703 .097
Dur4 787
Invaril 742
Invariabilit . 739 .848 .698 113
Y Invari3 964
RoA2 .826
Range of Addressees 835 .909 863 .066
& RoA3 994
Rigl 487
Rigidity Rig2 835 530 763 662 037
Rig4 .808
LP1 .666
LP2 .896
Logistics Performance .650 .880 818 261
& LP3 848
LP4 795
PP1 879
Product Performance |PP2 872 649 .845 726 210
PP3 .643
Appendix 5: Discriminant validity of the reflective measurement models in the best case scenario
Spec Dur Freq Det LQ Prec PQ RoA Rig Invar Un
Asset Specificity 0,612
Durability 0072 0,618
Frequency 0,004 0,030 1,000
Level of Detail 0092 0008 0012 0,739
Logistics Quality 048 0002 0037 0090 0,784
Preciseness 0003 0177 0063 0001 0005 0,649
Product Quality 0028 0020 0058 0000 0018 0005 0,533
Range of Addressees 0,003 0,059 0,001 0,021 0,001 0,230 0,074 0,649
Rigidity 0000 0116 0049 0002 0003 0002 015 0001 0,835
Invariability 0022 0025 0009 0003 0007 0000 0035 0005 0062 0,529
Volume Uncertainty 0000 0001 0004 0003 0035 0020 0014 0012 0021 _ 0007 0,758
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Appendix 6: Correlations between first order constructs in the best case scenario

Correlations
Detail Durability | Preciseness Range of Rigidity Invariability
) " | Addressees
Detail 1 -,046 -,074 ,038 ,072 -,101
Durability -,046 1 J391%* ,264* ,293* J981%*
g
Preciseness g -,074 ,391 %% 1 ,490%* -,008 ,379%%
E
S
Range of Addressees g ,038 ,264% L,490** 1 -0,020 224
(-9
Rigidity ,072 ,293%* -,008 -,020 1 ,304*
Invariability -,101 L981%* ,379%* 224 ,304% 1

*a=0.05;**a=0.01;

Appendix 7: Quality evaluation of the second order model applied to the best case scenario

Correlation VIF

Construct Indicator Weight <0.9 <10
i 738
Degree of interactional programming LeVe} of Detail -0.074 1.006
Preciseness S18
o . . ) o 950
Standaljdlzatlon of interactional pro Dural')thy' 981+ 1.024
gramming Invariability 195
Formalﬁzation of interactional pro- Range of Addressees 628 0,020 26.612
gramming Rigidity 645

*o=0.05;**0=0.01

Appendix 8: Correlations between second order constructs in the best case scenario

Correlations
Degree Standardization | Formalization
Degree - .5 1 -,070 ,359%*
8=
L 5
Standardization 2 g -,070 1 125
&
Formalization ,359%* 125 1

*o=0.05;**0=0.01;
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Appendix 9: Results on causal relations for the first order model in the best case scenario

Path Coef- Standard Standard T Statis-
ficients Deviation Error tics
Asset Specificity -> Durability -0,2586* 0,1178 0,1178 2,1957
Asset Specificity -> Invariability -0,3131* 0,1416 0,1416 2,2116
Asset Specificity -> Level of Detail 0,4017%* 0,1009 0,1009 3,981
Asset Specificity -> Logistics Quality 0,1374 0,13 0,13 1,0569
Asset Specificity -> Preciseness -0,1563 0,1736 0,1736 0,9002
Asset Specificity -=> Product Quality 0,0848 0,1474 0,1474 0,5754
Asset Specificity -> Range of Addressees 0,0226 0,1128 0,1128 0,2007
Asset Specificity -> Rigidity 0,1422 0,1564 0,1564 0,9094
Durability -> Logistics Quality 0,498+ 0,0883 0,0883 5,639
Durability -> Product Quality 0,3059%* 0,109 0,109 2,8053
Frequency -> Durability 0,1569 0,1103 0,1103 1,422
Frequency -> Invariability -0,1311 0,0887 0,0887 1,4781
Frequency -> Level of Detail 0,2306* 0,0922 0,0922 2,5003
Frequency -> Logistics Quality 0,2459* 0,0991 0,0991 2,482
Frequency -> Preciseness 0,2244* 0,0914 0,0914 2,4565
Frequency -> Product Quality -0,0576 0,1003 0,1003 0,5746
Frequency -> Range of Addressees 0,2141 0,1076 0,1076 1,99
Frequency -> Rigidity -0,0913 0,1387 0,1387 0,6581
Invariability -> Logistics Quality 0,0293 0,0994 0,0994 0,2942
Invariability -> Product Quality -0,1725 0,1115 0,1115 1,5464
Level of Detail -> Logistics Quality -0,1232 0,1245 0,1245 0,9897
Level of Detail -> Product Quality -0,0973 0,15 0,15 0,6489
Preciseness -> Logistics Quality 0,0407 0,1292 0,1292 0,3148
Preciseness -> Product Quality 0,3857* 0,1562 0,1562 2,47
Range of Addressees -> Logistics Quality -0,2363 0,1346 0,1346 1,755
Range of Addressees -> Product Quality -0,2254 0,1268 0,1268 1,7771
Rigidity -> Logistics Quality 0,1235 0,1209 0,1209 1,0216
Rigidity -> Product Quality -0,0482 0,1357 0,1357 0,3551
Volume Uncertainty -> Durability 0,0227 0,1244 0,1244 0,1826
Volume Uncertainty -> Invariability 0,0666 0,0969 0,0969 0,6869
Volume Uncertainty -> Level of Detail -0,208 0,1187 0,1187 1,7517
Volume Uncertainty -> Logistics Quality 0,103 0,1059 0,1059 0,9728
Volume Uncertainty -> Preciseness 0,1056 0,1444 0,1444 0,7314
Volume Uncertainty -> Product Quality -0,1344 0,1145 0,1145 1,1746
Volume Uncertainty -> Range of Addressees 0,1304 0,1793 0,1793 0,7271
Volume Uncertainty -> Rigidity 0,0889 0,1547 0,1547 0,5749

*a=0.05;***q=0.01;
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Appendix 10: Results on causal relations for the second order model in the best case scenario

Appendix

Path Coef- Standard Standard
ficients Deviation Error T Statistics
Asset Specificity -> Degree 0,2977* 0,1124 0,1124 2,6497
Asset Specificity -> Formalization 0,095 0,0985 0,0985 0,9638
Asset Specificity -> Logistics Quality 0,0896 0,1077 0,1077 0,8319
Asset Specificity -> Product Quality -0,0116 0,1196 0,1196 0,0974
Asset Specificity -> Standardization -0,302* 0,1166 0,1166 2,5908
Degree -> Logistics Quality -0,0567 0,1109 0,1109 0,5117
Degree -> Product Quality 0,1332 0,1245 0,1245 1,0698
Formalization -> Logistics Quality -0,0524 0,1166 0,1166 0,4495
Formalization -> Product Quality -0,0982 0,124 0,124 0,7918
Frequency -> Degree 0,2622%* 0,0801 0,0801 3,2728
Frequency -> Formalization 0,0705 0,095 0,095 0,7415
Frequency -> Logistics Quality 0,2363* 0,1005 0,1005 2,3523
Frequency -> Product Quality -0,0351 0,0962 0,0962 0,3647
Frequency -> Standardization 0,0614 0,0729 0,0729 0,8419
Standardization -> Logistics Quality 0,386%* 0,0816 0,0816 4,7312
Standardization -> Product Quality 0,2488%** 0,0932 0,0932 2,6698
Volume Uncertainty -> Degree -0,0928 0,1044 0,1044 0,8887
Volume Uncertainty -> Formalization 0,1235 0,0927 0,0927 1,3316
Volume Uncertainty -> Logistics Quality 0,1132 0,0893 0,0893 1,2676
Volume Uncertainty -> Product Quality -0,1037 0,0962 0,0962 1,0784
Volume Uncertainty -> Standardization 0,0365 0,0978 0,0978 0,373

N=60; *a.= 0.05;**0, = 0.01;

Appendix 11: Total effects of the first order model in the worst case scenario

Path Coefficients | Direct Effects Total Effects

Asset Specificity -> Logistics Quality 0,2894 2,0927 2,1511
Asset Specificity -=> Product Quality -0,0605 0,4288 0,435
Frequency -> Logistics Quality 0,296 2,4986 2,5269
Frequency -> Product Quality 0,321 2,618 2,5984
Volume Uncertainty -> Logistics Quality 0,0029 0,0239 0,0237
Volume Uncertainty -> Product Quality 0,0289 0,2717 0,265
Appendix 12: Total effects of the first order model in the best case scenario

Path Coefficients | Direct Effects Total Effects
Asset Specificity -> Logistics Quality 0,1374 1,0569 0,3667
Asset Specificity -> Product Quality 0,0848 0,5754 0,4123
Frequency -> Logistics Quality 0,2459 2,482 2,348
Frequency -> Product Quality -0,0576 0,5746 0,3346
Volume Uncertainty -> Logistics Quality 0,103 0,9728 1,1624
Volume Uncertainty -> Product Quality -0,1344 1,1746 1,09
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Appendix 13: Total effects of the second order model in the worst case scenario

321

Path Coefficients | Direct Effects Total Effects
Asset Specificity -> Logistics Quality 0,1629 1,3131 0,4301
Asset Specificity -> Product Quality 0,1951 1,8219 2,6687
Frequency -> Logistics Quality 0,174 1,5295 1,6948
Frequency -> Product Quality 0,0552 0,5047 0,2113
Volume Uncertainty -> Logistics Quality -0,12 0,9812 1,0008
Volume Uncertainty -> Product Quality -0,2129 1,8418 1,912

Appendix 14: Total effects of the second order model in the best case scenario

Path Coefficients Direct Effects Total Effects
Asset Specificity -> Logistics Quality 0,0896 0,8319 0,44
Asset Specificity -> Product Quality -0,0116 0,0974 0,4812
Frequency -> Logistics Quality 0,2363 2,3523 2,4398
Frequency -> Product Quality -0,0351 0,3647 0,0865
Volume Uncertainty -> Logistics Quality 0,1132 1,2676 1,3851
Volume Uncertainty -> Product Quality -0,1037 1,0784 1,3441

Appendix 15: Comments by respondents

Ifdn

According to you, what is most important in achieving seamless processes at interfaces
between companies? Do you have any suggestions for future research?

43

Clear and transparent communications of requirements for transportation (Time, Tempera-
ture, Routing, Volumes)

44

I will strongly recommend that procedures and standards must be in place for each process.
Flexibility can be exercised but continuous deviations must have some penalties or disadvan-
tage. One is tempted to have different processes for different partners under the guise of
tailor-made, but in reality it is designed to suit once dependence on that partner. The more
dependent we are on the partner the less we apply strict processes.

45

Yes, we are in the supply chain service industry for the export of perishables - mainly fruit.
This involves many parties from the farm to the fork starting with the grower, packhouse,
cold store, packaging supplier, transporter, shipping line, forwarding agent etc. In South Af-
rica once deregulation occurred it became very important for various fruit industry bodies to
be formed in order to manage the best interests of these industries based mainly on the differ-
ing fruit types i.e. stone fruit, grapes, citrus, pomes, subtropicals. Also because of the wide
range of products we require many different variances within the same basic temperature
controlled chain for optimum shipment of goods from A to B. We also have a unique govern-
ing body called the PPECB (Perishable Products Export Control Board) who gives guidance,
sets rules, polices that these are adhered to & has the status to accept or reject all fruit for ex-
port. The rules both within South Africa (as harbours/systems/protocols are updated) & in
receiving countries (Europe, Far East, Middle East - HACCP, Fair Trade etc. or various
product sterilization or pest inspection or chemical spraying restrictions) are fast changing &
therefore impacting more & more on a fairly stable/standard operating environment that is
now having to adapt - both in terms of procedures & information flow/deadlines. So what I
am saying is that given your questions it is very difficult to explain the above except to say
that most of the time we manage the supply chain in South Africa in a very controlled envi-
ronment but times are changing - can the drive to lower costs create problems in trying to
manage an ever increasing sophisticated safety first global food market?
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48

Appendix

Keep it simple and be practical. Do not implement procedures that cannot be followed in
practice. Follow up your employees with education and relevant information. Take them se-
riously and listen to good advices. Follow up irregularity reports. Keep your suppliers up-
dated at all times.

50

Open line communication with a goal to achieving improvement and not penalties.

60

to rely on third parties when providing logistics services for temp. sensitive goods is not a
good idea. Toleration to mistakes varies from companies to companies, unfortunately when
handling perishables goods there is not room for mistakes. Normally the mistakes are fatal
and Customers don't tolerate then.

61

We mainly cooperate with specialized transport companies on existing supply chains based
on long term relations on both suppliers as clients. In Fresh Fruit and Veg all transport is re-
frigerated and main damage exists when cooling is interrupted. In our trade business is
mainly done by gentlemen's agreement, using many certificates as HACCP, ISO, BRC, IFS,
ete.

66

Every supply chain has companies linking in with each other, both on an operational- and a
communication level. The key in the supply chain for temperature sensitive products is to
identify the weak spots, normally the escalation points, where the products are handed over
from one to the other party. This process should be harmonized, as currently this is still not
done. The fear factor of taking ownership of any liability in this process and the fact that
transparency is still a curse in our industry, we as an industry fail to improve the complete
supply chain. Exchanging best practice cases, sharing own experiences on how to overcome
issues on a global level, would help our industry tremendously. At this moment in time the
supply chain in our industry is being dominated by local heroes, not the big multinationals of
this world.

68

Clear contractual agreements defining roles and responsibilities including communication.

69

visibility though integrated IT systems

71

1. the end goal of the whole process plan must be defined clearly 2. the process must be
flexible enough to endure uncertainties in other parts of the chain 3. the process must fre-
quently undergo a live audit and improved and updated accordingly

77

Universal process / procedure and documents. Clear definition of terminology and required
information.

81

(1) Everyone must follow the agreed procedures, and (2) financial penalties enforce compli-
ance to the procedures.

86

Collaboration, alignment, knowhow

100

As so much activity in transportation is managed by third parties (forwarder / airline / truck-
ing company / customs broker - plus shipper / consignee), communication is critical. All
processes, whether operational or EDI should be documented.

103

most important: - seamless transition of data from one IT system to another - try to reduce
manual input of data

105

ROI the first part answers could be duplicated for the second part

107

Establishing the complete process, ensuring all involved are in agreement and trained, moni-
toring adherence, evaluating deviations and putting CAPAs in place.

109

Standard Operating Procedures covering physical handling and information exchange for all
parties involved in the supply/cool chain

110

Awareness and Training and dedicated teams from A to Z Too many changes on the sup-
pliers lead to mistakes SOPS, Procedures etc. will not help if people don't know how to
handle ...
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112

The first step is to sign a good Quality Assurance Agreement. The QAA must describe the
technical processes and also the organizational framework including the information path-
ways between both companies. The QAA should be extensive and accurate, providing no
room for misunderstanding. It must include procedures for handling with deviations and
change control. However, the best QAA doesn't help, if it is not implemented: A system
must be established to assure regular re-qualification and/or Audit of the Partner. It is also
important to hold regular Meetings or Telephone conferences with the Partner.

114

Most important is the accuracy of received data. Pre-notification is also a part of success in
this process.

115

Very clear procedures are extremely important. These procedures have to be implemented in
the whole supply chain. Also pre and post shipment. The ideal model goes from tree to shelf
in the supermarket at destination - all controlled by an independent and transparent supply
chain service provider who needs to monitor the whole process.

116

Clear expectations and an efficient Claims and CAPA system are key to a successful relation-
ship. Depending on the industry, the toll for not being effective might have a considerable
financial and/or P.R. impact.

117

Setting up quality systems and aligning the procedures with all different partners is a chal-
lenge even though the relationships have been formalized in Contracts and SLA's and/or
QA's.

121

Complete transparency on the requirements and expectations from the customer to the sup-
plier.

122

Important: using agreed, industry-wide standards; immediately iron out appearing issues

124

Clearly defined procedures and expectations

126

Very important for achieving seamless processes at interfaces between companies are ex-
actly defined requirements on  processes, interfaces, IT, dealing with deviations Solutions
based on the defined requirements defined temperature monitoring online data availability
of all temperature devices

128

The requirements, stakeholders involved, facilities, equipment, packaging material etc.
change quite often. This provides new opportunities as well as challenges. Market knowledge
and drive for continuous improvement are important to achieve the best result and avoid sur-
prises. Furthermore accurate training of staff and complaint management combined with
CAPA analyses are important to maintain and improve existing procedures. For future re-
search the weakest link in the airfreight could be interesting. What are the airport facility and
service expectations with regards to conditioned storage and handling and would it be possi-
ble to define standards?

133

The capabilities of the partners especially regarding the adherence of temperature (cold
chain)

139

Involvement of all parties in the supply chain, Shipper, Forwarding Agent, Handling Agent,
Airline, CNEE, should all agree on defined processes before they go live

141

Communication lines must be defined and frequent meetings are required to keep on track

142

It is very hard to work with truck drivers. Most of the time we discuss with them regarding
the rules.

144

Standard IDOCS and processes
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