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1 
1. Introduction 

1.1. Introduction 

People play an important role in a variety of operations. What defines operations is a topic of 
discussion given the close relation between the management of these operations and other 
disciplines such as marketing, human resource management, and finance (Hayes 2000; Chopra et 
al. 2004). Hayes proposes to perceive operations as what operations managers are concerned 
with in practice: “managing people, flow, systems, communications with other groups, 

technological changes, performance outcomes, and improvement activities” (Hayes 2000). Given 
that people engage with – and give input to – operations by, for example, making decisions, 
performing activities, operating systems, solving problems, or implementing policies, they can 
affect operations performance (Gino & Pisano 2008; Hayes et al. 1988). Hayes et al. (1988, p. 
242) explained the important role of people in operations as follows: 

“Superior performance is ultimately based on the people in an organization. The 
right management principles, systems, and procedures play an essential role, but 
the capabilities that create a competitive advantage come from people – their 
skill, discipline, motivation, ability to solve problems, and their capacity for 
learning.”  

Research in the field of Operations Management studies how to design, manage, and improve 
operations, and processes therein, that convert input to output (Gino & Pisano 2008). 
Traditionally, models developed in the field of OM are based on neoclassical economic theory 
(Loch & Wu 2007), conceptualizing the people who behave in operations settings as rational 

agents (Gino & Pisano 2008). The assumption that people behave rationally entails that they 
behave purely out of self-interest and do so consciously and deliberately, thereby optimizing a 
specific (usually monetary) objective (Donohue & Siemsen 2011; Croson et al. 2013). However, 
the human behavior that is observed in practice often violate predictions based on rational 
choice (Bendoly et al. 2006; Croson et al. 2013; Gino & Pisano 2008; Gans & Croson 2008). For 
instance, people take decisions that deviate from the rational choice (they may, for example, 
decide on order quantities that differ from the profit-maximizing quantity), and people also have 
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social considerations that affect their behavior (besides financial incentives). As such, it is key to 
understand individual decision-making behavior in operations in order to obtain insight in how 
operations are affected by this behavior. Therefore, this thesis examines individual decision-
making in various operations settings in which human behavior is not well understood. 

Seeking to understand the effects of human behavior in operations, Behavioral Operations 
Management (BOM) has emerged as a sub-field of OM (Loch & Wu 2007). Behavioral 
operations is defined as “the study of potentially non-hyper-rational actors in operational 

contexts” (Croson et al. 2013, p.1). This thesis focuses on two aspects that may explain why 
decision behavior observed in practice is different from rational choice: (1) people can make 
errors in judgment and (2) people may make choices based on preferences for, but not limited 
to, profit or wealth maximization. In the next sections, these aspects – and their effect on 
decision-making – are laid out in more detail. 

1.2. Individual Judgment in Decision-Making 

People make errors in judgment because they cannot identify the rationally optimal choice due to 
cognitive limitations, hence, they use heuristics in their decision-making (Tversky & Kahneman 
1974; Simon 2000). Having cognitive limitations, or being rationally bounded, means that the 
capacity people have to make choices is constrained by their knowledge, their ability to assess 
alternative choice options, and their capacity to deal with uncertainty involved (Simon 2000). As 
a result, people may not be able to identify what the optimal choice is from a rational perspective 
and use heuristics in their decision-making. Heuristics are rules of thumb that simplify the 
judgmental process of assessing probabilities and values of choice options (Tversky & 

Kahneman 1974) by ignoring part of the information (e.g., by examining fewer choice options or 
cues) so that effort is reduced (Shah & Oppenheimer 2008) and decisions can be made more 
quickly (Gigerenzer & Gaissmaier 2011). However, cognitive limitations and the use of heuristics 
can lead to biases, i.e., systematic errors, in decision-making (Tversky & Kahneman 1974; 
Bendoly et al. 2006). There is a broad range of heuristics and biases that affect decision-making 
(Carter et al. 2007). Some heuristics and biases that have been found to play an important role in 
OM areas are summarized below. 

One of the most prevalent cognitive heuristics with important implications for decision-making 
is the anchoring and adjustment heuristic (Furnham & Boo 2011). This heuristic refers to the 
tendency of people to base their decisions on some anchor, or reference point, and then adjust 
their decision to reach their final choice (Kahneman et al. 1982). According to this heuristic, 

decisions are biased towards the anchor and insufficiently adjusted to actual circumstances, 
leading to suboptimal decisions (Tversky & Kahneman 1974). The anchoring and adjustment 
heuristics has been observed in various types of decision-making processes (Furnham & Boo 
2011). For instance, studies have repeatedly identified this heuristic in inventory management 
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decisions. In single-echelon settings where people place orders while facing demand uncertainty 
(occurring, for example, in the newsvendor problem) people tend to anchor their orders to the 
mean demand. They insufficiently adjust their order towards the profit-maximizing quantity, 
leading to suboptimal ordering decisions (e.g., Bolton and Katok, 2008; Gavirneni and Isen, 

2010; Kremer et al., 2010; Schweitzer and Cachon, 2000). In more complicated multi-echelon 
settings (such as the beer game) it has been observed that people also apply the anchoring and 
adjustment heuristic (Sterman 1989). Examples of other contexts in which the anchoring and 
adjustment heuristic has been observed to affect decision-making are forecasting (Critcher & 
Gilovich 2008), consumer choice (Wansink et al. 1998), and negotiations (Galinsky & Mussweiler 
2001). 

Another bias with important implications for decision-making is the overconfidence bias. Often 
people are overconfident about their skills and abilities, or the accuracy of the information they 
have (Glaser et al. 2012; Moore & Healy 2008; Brenner et al. 1996; Mannes & Moore 2013). One 
explanation for this tendency is that it is easier for people to think about evidence supporting 
their decisions rather than about alternative decisions (Harvey 1997). Overconfidence distorts 

human judgment and has been shown to lead suboptimal choices in various decision tasks. 
Among others, in forecasting decisions overconfidence leads to underestimation of true 
variances in probability assessment (Lee & Siemsen 2016). This, in turn, may explain why people 
make suboptimal ordering decisions (Ren & Croson 2013; Ancarani et al. 2016). Other examples 
where overconfidence has been used to explain decision-making are risk taking in new product 
introductions (Simon & Houghton 2003), distortions in corporate investments (Malmendier & 
Tate 2005) and high investment rates in mergers and acquisitions (Malmendier & Tate 2008). 

The availability heuristic is a mental shortcut that people use to make probability judgments of 
events based on the ease with which examples of such events come to mind (Tversky & 
Kahneman 1973; Carter et al. 2007). Experimental results have shown that imagining or recalling 
events increases people’s probability estimates of the occurrence of this event (Carroll 1978). For 

instance, people are likely to overestimate the probability of some disaster when this disaster is 
frequently reported in the news (Loch & Wu 2007). Effects of the availability heuristic on human 
judgment and decision-making have been studied in different settings, ranging from decision-
making in financial markets (Barber & Odean 2008; Kudryavtsev 2018) to consumer judgments 
about product quality (Folkes 1988) and to the evaluation of illness symptoms (Triplet 1992). 
The application of the availability heuristic may lead to overconfidence, which is discussed in the 
previous paragraph (Farsi et al. 2014; Russo & Schoemaker 1992). 

The recency effect refers to the tendency people have to weight recent events more than earlier 
events (Tversky & Kahneman 1974). More recent events are likely to be more easily 
remembered, hence, they more easily come to mind when people have to make judgments about 

probabilities (Tversky & Kahneman 1974). In this way, the recency effect influences the 
availability heuristic. Due to the recency effect, people may overweight current information, 
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leading to biased judgments and subsequent decisions. The recency effect has been observed in 
various decision tasks. For instance, it has been observed that people adjust their inventory order 
quantities upward or downward based on the demand realization they experienced in earlier 
decision rounds (e.g., Benzion et al., 2008; Gavirneni and Isen, 2010; Kremer et al., 2010; Lurie 

and Swaminathan, 2009; Moritz et al., 2013).  This behavior has been referred to as demand 
chasing and has been shown to lead to ordering decisions that deviate from rational choice. As 
an example in forecasting, it has been shown that market analysts overweight the current state of 
the economy when making growth forecasts (Lee et al. 2008). 

1.3. Goals, Preferences and Choices 

Decision-making may furthermore deviate from rational choice because people may have 

different goals or preferences than a rational decision-maker, which affects their choices 
accordingly. The goals that people have determine what they aim for in their actions (Locke & 
Latham 2002) and motivate them to act through directing attention and effort towards these 
goals (Locke & Latham 2006). In other words, goals regulate human behavior (Latham & Locke 
1991; Locke 1968). People make choices based on individual goals and preferences that relate to 
the individual him/herself but also based on social goals or preferences in relation to others 
(Loch & Wu 2007). 

1.3.1. Individual Goals and Preferences 

In the literature, a variety of individual goals and preferences have been identified that can 
explain why people’s choices are not always in line with rational choice behavior. Some 
important deviations from rational choice behavior are captured by prospect theory (Kahneman 
& Tversky 1979; Kahneman & Tversky 1982). Prospect theory describes how people make 
decisions under uncertainty. The choice options – or prospects – have a certain outcome and 
happen with a certain probability. Prospect theory is based on the observation that people are 

risk averse when their choices concern gains but risk seeking when their choices concern losses 
(Kahneman & Tversky 1979; Kahneman & Tversky 1982). Besides these risk preferences, people 
may be loss averse, i.e., they may experience a larger disutility from losses than the utility derived 
from the same-size gains (Kahneman & Tversky 1979). Because of such risk preferences, choices 
of actual decision-makers violate predictions based on rational choice as rational decision-makers 
are assumed to be risk neutral. Risk aversion and loss aversion therefore both affect decision-
making in OM. For instance, in inventory management, both risk aversion and loss aversion 
have been shown to reduce the order quantities that decision-makers place (De Véricourt et al. 

2013; Eeckhoudt et al. 1995; Chen et al. 2013). In the context of contracting, it has been shown 
that loss aversion may affect contract preferences and design choices and may explain 
performance observed in practice (Katok & Wu 2009; Zhang et al. 2016; Ho & Zhang 2008). 
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Another theory that is relevant in this regard is mental accounting. This theory describes how 
people assess economic transactions that take place at different moments in time (Thaler 1999). 
The importance of timing in decision-making is underlined by the observation that people may 
attach different values to payments over the course of time, leading to decisions that deviate 

from rational choice. For instance, because of the salience of immediate rewards people may 
prefer earlier payments over later payments and may thus make corresponding decisions that 
lead to lower long-term wealth (Loch & Wu 2007). This is also called time-discounting 
(Frederick et al. 2002). Vice versa, people may prefer later payments over earlier payments, which 
is called prospective accounting (Prelec & Loewenstein 1998). Mental accounting concepts have 
been used to explain decisions that deviate from rational choice in the context of e.g., consumer 
choice (Thaler 1985; Thaler 2008) and investment decisions (Seiler et al. 2012; Choi et al. 2009). 
Research findings on inventory ordering decision-making indicates that deviations from 
optimality may be explained by mental accounting processes (Chen et al. 2013).  

Another example of an individual goal that may affect decision-making is effort minimization. 
When people make decisions, they weight the quality of the choices they make against the cost of 

arriving at those choices, such as the effort they have to put in or the time it takes them to arrive 
at that choice (Beach & Mitchell 1978; Payne 1982; Christensen-Szalanski 1978). It has been 
argued that people may have a stronger preference to reduce the amount of effort they put in 
than to reduce the number of errors in their choices (Russo and Dosher in Payne, 1982), which 
may lead to decisions that deviate from rational choice. 

1.3.2. Social Goals and Preferences 

Besides individual goals and preferences, people also have social goals and preferences 
(goals/preferences in relation to others) that affect their choices (Bolton & Ockenfels 2000; Fehr 
& Fischbacher 2002; Pettit et al. 2010; Loch & Wu 2008; Huberman et al. 2004). Social behavior 
of people is a central topic in the social sciences (Fiske 2002). Within this field, it is explained 
that the social goals, or social preferences, that people have today originate from our ancestors 
who needed to navigate through social life (Kenrick et al. 2002). From an evolutionary 
perspective, satisfying these goals is important in terms of survival so that humans can increase 
their opportunities to reproduce (e.g., by extending their reproductive life, or ascertaining their 

offspring reaches a reproductive age) (Kenrick et al. 2002). As such, these preferences serve 
fundamental psychological needs. For instance, people care about reciprocity in their 
relationships with others (Urda & Loch 2013; Loch et al. 2006; Trivers 1971; Fehr & Fischbacher 
2003), their social status within a group (Huberman et al. 2004; Pettit et al. 2010) and a group 
identity to which they can relate and feel solidarity with (Loch et al. 2006; Kenrick et al. 2002; 
Chen & Li 2009). In the pursuit of these preferences, people may make irrational choices. For 
instance, status-seeking may lead to unproductive competition between people (Huberman et al. 
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2004) and reciprocity can motivate people to return favors purely for intrinsic reasons (Fehr & 
Fischbacher 2003). 

Empirical research has shown that social preferences also play a role in decision-making in 
operations settings. Urda and Loch (2013) let subjects read scenarios before indicating which 
emotions they feel to what extent. The scenarios in OM settings that they use include sharing 
suggestions during a brainstorming session, asking a colleague to switch shifts, and someone 
receiving an improvement idea award. The researchers manipulated involvement of others in the 

scenario to elicit social preferences. They find that reciprocity, group identity and status-seeking 
can affect human behavior by eliciting emotions. Loch and Wu (2008) found that relationship 
and status-seeking considerations of subjects affect their choices in supply chain transactions 
where the supplier sets a wholesale price before the retailer determines his profit margin. 
Another other-regarding preference that is important in OM is fairness. Fairness concerns have 
been shown to affect decisions in the context of contracting and can help to achieve channel 
coordination (e.g., Cui et al., 2007; Ho et al., 2014; Kalkanci et al., 2014; Katok et al., 2014; 
Katok and Pavlov, 2013; Liu et al., 2016). Also, it has been shown in laboratory experiments as 

well as in practice that fairness concerns can intrinsically motivate people to give up some 
payoffs to the benefit of another party (Bolton & Ockenfels 2000; Scheer et al. 2003). 

The above findings illustrate how individual and social goals can affect decision-making. 

Additionally, results from a recent empirical study on decision-making in transport planning 
indicates that even in the pursuit of the same overall goals, planners may make different 
transport planning decisions (Hofstra, Dullaert, de Leeuw, et al. 2018). It is explained how 
similar objectives and preferences may motivate people differently depending on how they are 
interpreted/perceived. This indicates the importance of understanding how people perceive 
goals and preferences to identify the effects of these goals on decision-making.   

This study on transport planning complements earlier work on the human factor in production 
planning. Throughout the years, research on the role of humans in production planning and 
scheduling increased, with notable contributions of researchers as Kenneth McKay, Vincent 
Wiers, and Jan Fransoo to name a few (e.g., McKay et al. 1988; Mckay et al. 1995; McKay et al. 

1995; Mckay & Wiers 1999; McKay & Wiers 2003; McKay & Wiers 2006; Fransoo & Wiers 
2006; Stoop & Wiers 1996; Wiers 1996). Besides journal papers, various textbooks have been 
written (e.g., Bendoly et al. 2015; Fransoo et al. 2011; Herrmann 2006; MacCarthy & Wilson 
2003; Ruiz 2015). Research has particularly focused on the cognitive processes related to 
individual judgment in planning. A small selection of the topics that are addressed within the 
field are individual differences in decision behavior between schedulers who conduct the same 
task (Wiers 1996), behavioral effects of performance measurement (Crawford 2003), behavioral 
responses to increasingly complex problems (Fransoo & Wiers 2006), the way schedulers 

organize their time (Larco et al. 2013), the benefits of scheduling expertise (Hoc et al. 2014), and 
the effect of feedback on schedulers’ performance (Letmathe & Zielinski 2016). The interested 
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reader is referred to MacCarthy et al. (2001) who illustrate the evolvement of the research 
domain and Crawford et al. (1999) and Crawford and Wiers (2001) who review works in this 
domain. 

As opposed to the above works, Jackson et al. (2004) take a social perspective to study the role 
of production schedulers. They examined the role of the social context in schedulers’ 
performance in production planning. The researchers identified that schedulers use social 
relationships during their work and explain that the utility of these relationships depends upon 

factors like respect from others or confidence others have in the scheduler’s judgment. The 
authors also discuss factors like friendships between schedulers and the exchange of favors 
(reciprocal relationships). 

The sections above have reflected on how individual judgment and choice affect decision-
making. More specifically, they have described heuristics and biases, individual and social goals 
and preferences, and related perceptions that are important in operations. While research in the 
field of Behavioral Operations Management is increasing, there are operations contexts in which 
human decision-makers play an important role but their decision behavior is not well 
understood. Therefore, this thesis investigates individual decision-making in such particular 
decision areas, which are laid out below, by considering individual judgment and choice.	

1.4. Thesis Outline and Research Approach 

This thesis examines individual decision-making in different operations settings by means of four 
empirical studies that are presented in separate chapters (Chapter 2 through 5). Although these 
chapters represent separate studies that can be read as individual research articles, they each take 
a behavioral perspective on individual judgment and choice to answer their specific research 
questions. In the four studies, different research methods have been used (see Figure 1.1). To 
examine how individual judgment affects ordering decisions under uncertainty in supply or 

inventories and affects decisions on the allocation of limited inventory, a quantitative research 
design has been applied using behavioral (laboratory) experiments. Behavioral experiments are a 
broadly accepted method for empirically examining psychological or behavioral effects across 
disciplines (Bendoly et al. 2006), including operations management (Katok 2011; Siemsen 2011). 
They are used to uncover effects of particular variables by manipulating situational conditions in 
controlled environments (Wacker 1998; Katok 2011). To study how individual and/or social 
preferences affect inventory ordering and allocation, quantitative and qualitative research 
methods have been applied. To test emergent ideas on individual goals and preferences that can 

explain why decisions deviate from rational choice, laboratory experiments have been used. 
Furthermore, to gain a deeper understanding of how individual and social goals and preferences 
as well as perceptions of goals affect decision-making in particular operations settings, a 
qualitative research design has been applied. Particularly, case study research has been conducted 
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as it enables the study of phenomena in their natural environment (Gephart 2004) and is well-
suited for exploratory research which aims to gain a deeper insight in how things work (Yin 
2009; Eisenhardt & Graebner 2007). 

	
Figure 1.1. Thesis outline and research methods used 

Chapter 2 is concerned with inventory ordering decisions under uncertainty caused by either 
supply uncertainty or inventory record inaccuracy. Supply uncertainty refers to uncertainty in 
incoming inventory due to supplier or supply system unreliability (Burke et al. 2009). Inventory 
record inaccuracy is the discrepancy between reported and actual inventory levels. Inventory 
record inaccuracy (IRI) may arise because of, for instance, replenishment errors, incorrect 
recording of sales, or theft (DeHoratius & Raman 2008; Kök & Shang 2014). Supply uncertainty 
and inventory record inaccuracy both lead to uncertainty about the actual level of inventory that 

is available to fulfill demand. In the literature, many studies have examined how people make 
decisions on order quantities when there is demand uncertainty and how these quantities differ 
from the profit-maximizing quantity (Schweitzer & Cachon 2000; Benzion et al. 2008; Bolton & 
Katok 2008; Chen et al. 2015). However, empirical research on ordering decisions under supply 
uncertainty and inventory record inaccuracy is scarce. This is problematic because these 
uncertainties have important consequences for firms. They make it difficult for firms to match 
supply with demand (Xu & Lu 2013; Mersereau 2015). This can result in needless orders, which 
increases inventory levels of items that may need to be discounted at the end of the sales period, 

and foregone sales, which increases stock-out costs (Cannella et al. 2015; Burke et al. 2009). This 
chapter investigates how ordering decisions under supply uncertainty and IRI compare with the 
rational (i.e., profit-maximizing) choice and with one another and proposes explanations for the 
observed behavior. Thereby, this chapter is believed to be the first empirical study on ordering 
decisions under inventory record inaccuracy and to compare them with ordering decisions under 
supply uncertainty. Incentivized laboratory experiments have been conducted in which a total of 
152 subjects made ordering decisions under either supply uncertainty or inventory record 
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inaccuracy. The findings indicate that ordering decisions under both supply uncertainty and IRI 
deviate from rational choice and that ordering decisions under supply uncertainty deviate from 
those under inventory record inaccuracy. A combination of biases in probability assessment (i.e., 
overconfidence and the availability heuristic) is proposed to cause errors in judgment, which lead 

to suboptimal decisions. Furthermore, it is proposed that individual preferences other than 
profit-maximization (i.e., a stronger aversion to leftovers under supply uncertainty than under 
inventory record inaccuracy) may explain the observed difference in ordering decisions under the 
two types of uncertainty considered. The findings provide novel insights in the different 
behavioral effects of supply uncertainty and inventory record inaccuracy, as opposed to demand 
uncertainty, on ordering decisions. Additionally, the chapter stresses the practical importance of 
reducing uncertainties in supplies and inventories but also recommends firms to prioritize 
actions to reduce uncertainty in on-hand inventory levels over initiatives to reduce uncertainty in 
incoming supplies. 

Chapter 3 addresses how people make decisions about the allocation of scarce inventory among 
sales channels (i.e., from the perspective of the supplier rather than the buyer). Allocation is 

required when inventory is scarce and prices cannot be adjusted to balance supply and demand. 
This is common in industries where capacity cannot easily be increased, where there is uncertain 
demand and where lead times are long, like fashion and automotive (Caro & Gallien 2010; Lu & 
Lariviere 2012). Inventory allocation can reduce profitability but may also create tension between 
entities in the supply chain, such as the independent retailers who blamed Apple for giving 
priority to its own sales channels at the cost of stock levels of Apple products at the independent 
retailers (Wilcox 2002; Wingfield 2004). While people play an important role in deciding on 
allocations in practice (Caro & Gallien 2010), there is little understanding of how these decisions 

are made and which factors affect these decisions. The study presented in Chapter 3 is the first 
to examine how people make allocation decisions and what individual preferences may affect 
these decisions beyond rational profitability concerns. Using behavioral theories, behavioral 
models are formulated. Based on the model predictions, hypotheses are formulated for formal 
testing. The chapter reports results from incentivized laboratory experiments in which subjects 
were asked to allocate limited inventory between two sales channels. In total 120 subjects 
participated in the experiment. Besides individual preferences that may explain why subjects 
make allocations that deviate from rational choice, the findings in this chapter indicate the 

conditions under which individual preferences play a role and highlight individual heterogeneity 
in decision behavior. By taking a new perspective on allocation decisions, this chapter provides 
novel insights in behavioral effects on allocation decisions. It also gives suggestions on how the 
way information is presented may improve allocation decisions. 

Chapter 4 discusses how individuals make operational planning decisions. It aims to gain a deeper 
understanding of how individual goals and social preferences influence decision behavior. The 
chapter focuses on transport planning decisions that are made by transport planners. This is a 
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theoretically interesting context as the time pressure involved and the nature of the relationships 
between transport planners evokes individual and social goals/preferences that may affect 
planning decisions. Throughout the years, research efforts have been undertaken to examine 
individual judgment in planning decisions. Research has typically examined production 

scheduling. Therein, particular attention has been given to the cognitive processes related to 
individual judgment in planning. Chapter 4 is the first to study the role of individual and social 
goals in transport planning. The social perspective taken in this chapter provides valuable 
insights to develop planning processes that take into consideration human behavior (MacCarthy 
et al. 2001). A case study design has been employed in which 13 transport planners and 6 
managers have been interviewed, 6 planners have been observed, and company documents and 
notes on site visits and informal meetings have been analyzed. Building on the qualitative data, 
and analysis thereof, propositions are developed which illustrate how decision-making of 

transport planners is motivated by individual goals and social preferences. Moreover, it is 
observed that similar objectives may motivate individuals differently depending how one 
perceives them, leading to different choice outcomes, which may – or may not – correspond to 
the goal set by the planning department. These findings suggest that traditional economically 
based incentive schemes may not be adequate to motivate transport planners. The chapter 
provides novel practical insights in directing planner decision behavior based on the individual 
and social goals they pursue. The contents of this chapter are based on the article ‘Individual goals 
and social preferences in operational decisions: Behavioral insights from transport planning’, published in 
International Journal of Operations & Production Management (Hofstra, Dullaert, de Leeuw, et al. 2018). 

Chapter 5 focuses on how to assess and facilitate warehouse safety. While safety is important in 
the logistics services industry, research has foremost focused on safety in transportation (Cantor 

2008) but little attention has been paid to safety in warehouses (De Koster et al. 2011). 
Particularly, little is known about how to measure warehouse safety and how to stimulate safe 
behavior in warehouses. The findings in Chapter 4 indicate that individual perceptions of similar 
objectives may lead to different choices. This indicates that it is important to understand how 
people perceive objectives that they pursue in the decisions they make. Chapter 5 is concerned 
with such individual perceptions by focusing on how people perceive various aspects of 
warehouse safety. This insight is used to examine how safety in warehouses can be assessed and 
facilitated. Through a literature study, a theoretical framework was developed, which indicates 

people, procedures, and technology sub-dimensions of safety culture and safety behavior as well 
as factors that may affect how safety culture translates to safety behavior. A case study design has 
been applied, in which interviews have been conducted with, and related questionnaires have 
been administered among, 25 employees of a logistics service provider. The findings of Chapter 
5 provide an overview of the aspects of safety that are important in warehouses but also give 
insights in the importance of these aspects, which can be of practical value when efforts are 
taken to improve warehouse safety. The contents of this chapter are based on the article 
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‘Assessing and facilitating warehouse safety’, which is published in Safety Science (Hofstra, Petkova, 
Dullaert, et al. 2018). 

In the last chapter of this thesis, Chapter 6, the main findings from the four studies are 
summarized, their contributions are discussed, avenues for future research are proposed, and a 
conclusion is provided. 

1.5. Thesis Research Output 

Table 1.1 gives an overview of the research output from this thesis. For each of the four 
empirical chapters (Chapters 2 through 5) it indicates the research question that is addressed, and 
the research method and samples that have been used. The table also specifies the publication 
status of the study on which the chapter is based (i.e., published, submitted or in preparation for 
journal submission).  
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2. Ordering Decisions Under Supply 

Uncertainty and Inventory Record Inaccuracy: 
An Experimental Investigation1 

Abstract 

Purpose – In this chapter, we investigate ordering decisions under supply uncertainty (supplier 
or supply system unreliability) and inventory record inaccuracy (internal inefficiencies that lead to 
a discrepancy between physical and recorded inventory levels).  

Design/methodology/approach – We conducted incentivized laboratory experiments in 
which a total of 152 bachelor students in Business studies participated.  

Findings – Subjects overstock for low-margin products and place orders for high-margin 
products that are around the optimal quantity. We propose that this can be explained by a 
combination of biases in probability assessment: the availability heuristic and overconfidence. 
We also find that for low-margin products subjects overstock more under IRI than under SU. 
This can be explained by a stronger aversion to leftovers under SU than under IRI.  

Research limitations/implications – Further research using company data could prove useful 
to provide more insight in actual decisions and quantify the impact of behavioral effects on 
operations performance. 

Practical implications – Although SU and IRI are – in practice – often simultaneously present, 
their causes are different. By providing insights about the relative effect of the types of 
uncertainty on the quality of inventory replenishment decisions, this chapter highlights the 
importance of reducing SU and IRI for products with low-profit margins.  

Originality/value – This chapter is believed to be the first to examine ordering decisions under 
inventory record inaccuracy and to compare them with ordering decisions under supply 
uncertainty.  

Keywords – Inventory, supply uncertainty, inventory record inaccuracy, experiment 

Article classification – Research paper	 	
 

1 The contents of this chapter are based on the working paper Ordering decisions under supply uncertainty and inventory 
record inaccuracy: An experimental investigation by Hofstra, Spiliotopoulou and de Leeuw (2018), which is in preparation 
for submission. 
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2.1. Introduction 

Matching supply with demand is an ongoing challenge in supply chains. Supply planners make 
inventory ordering (or replenishment) decisions with the goal of fulfilling customer demand, 

while facing many uncertainties. Research indicates that decision-making under demand 
uncertainty is complex, and actual human ordering decisions are systematically affected by biases. 
For example, experimental results show that when humans determine order quantities, they 
make suboptimal decisions by ‘anchoring’ to the mean of the demand and insufficiently 
incorporating in their decision the profit margin of the product (pull-to-center effect). 
Additionally, they chase past demand, are influenced by targets, or have higher psychological 
aversion to leftovers than to stock-outs (Benzion et al. 2008; Bolton & Katok 2008; Bostian et al. 
2008; Chen et al. 2015; Schweitzer & Cachon 2000).  

Supply planners do not only face demand uncertainty. They often also face uncertainty in the 
actual amount received (versus what has been ordered) and in the actual on-hand inventory level 
(versus what is on record). Both lead to uncertainty about the actual level of inventory that is 

available to fulfill demand (Figure 2.1). Results of a 2015 survey among Chief Procurement 
Officers (CPOs) of Fortune 1000 companies revealed that 45% indicated that supplier-related 
risk is the most important risk faced in procurement (Consero Group 2015). DeHoratius and 
Raman (2008) analyzed a retailer’s inventory records and revealed that over 65% of almost 
370,000 reported inventory levels for a case company were inaccurate. 

The quantity received can deviate from the quantity ordered due to, for example, limited product 
availability at suppliers. Product supply can also be uncertain due to capacity issues in case of 
newly developed products for which the number and/or quality of available suppliers is limited 
(Kouvelis & Milner 2002) or the supply processes are still evolving (i.e., the production process 
is still under development) (Lee, 2002). In addition, shipping capacity issues can also result in 
supply uncertainty (e.g., when the utilization of shipping capacity on certain lanes increases, lead 

times will be longer and have higher variability, which increases the uncertainty about delivery 
times (Fransoo & Lee 2013)). We refer to the uncertainty associated with orders received as 
supply uncertainty (abbreviated as SU).  

	
Figure 2.1. The total inventory available to fulfill demand 
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Furthermore, firms often experience internal inefficiencies resulting from misplaced items, 
perishment or internal theft (Rekik et al. 2007). Consequently, firms face uncertainty in their 
inventory levels due to a difference between recorded inventory levels and actual quantities in 
stock. This situation is called inventory record inaccuracy (hereafter referred to as IRI).  

Extant research has focused on analytically deriving theoretically optimal inventory ordering 
policies under supply uncertainty and inventory record inaccuracy and on ways to reduce these 
uncertainties or to improve information about this uncertainty (e.g. Burke et al. 2009; Inderfurth 
& Kelle 2011; Keren 2009; Merzifonluoglu & Feng 2013; Rekik et al. 2007; Xu & Lu 2013). Only 
recently, the effect of SU on ordering decisions has started to gain attention in the literature 
(Ancarani et al. 2013; Gurnani et al. 2014; Käki et al. 2015; Kalkanci 2017; Sarkar & Kumar 

2015). These studies show that subjects make suboptimal decisions when they face supply 
uncertainty. More specifically, Ancarani et al. (2013) show that the origin of uncertainty (demand 
vs. supply) has implications for stock levels. Next to uncertainty in supply and demand, planner 
decisions are also affected by uncertainty about actual inventory levels. To our knowledge, the 
effect of IRI on ordering decision biases has not been studied.  

In this chapter, we therefore explore ordering decisions when there is uncertainty in the total 
inventory available to satisfy demand, either due to supply uncertainty or to inventory record 
inaccuracy. Comparing decisions under IRI and SU allows us to infer the effects of SU and IRI 
on ordering decisions and to assess the relative importance of SU and IRI. This is important 
from a practical perspective because ordering decisions are based on the total inventory level, 

which consists of the quantities to be received (pipeline inventory) and the on-hand inventory 
but both of these can be uncertain due to SU and IRI, respectively. However, the issues causing 
SU and IRI are different. Therefore, understanding the relative importance and effects of SU and 
IRI enables companies to prioritize actions and decide on investments that would improve 
decision outcomes the most in their firm. To disentangle their effects on ordering decisions, we 
consider SU and IRI separately (i.e., we assume that any discrepancy between the quantity 
ordered and the quantity received is observed and recorded). 

We conduct incentivized laboratory experiments and our results indicate that subjects make 
suboptimal ordering decisions in the face of SU and IRI, particularly when ordering low-profit 
margin products. For low-profit items subjects overstock when faced either with SU or IRI, but 
do so significantly more under IRI. We argue that this may result from a combination of biases 

in probability assessment: the availability heuristic and overconfidence. We furthermore observe 
that subjects overstock more in the face of IRI than in the face of SU. Based on the estimation 
of a behavioral model, we find that subjects have a stronger aversion to leftovers under SU than 
under IRI. This may be caused by the difference in how uncertainty is framed and can explain 
why subjects place lower order quantities under SU than IRI.  

The rest of this paper is organized as follows. First, we review related literature (section 2). 
Thereafter, we describe our models of decision-making under supply uncertainty and inventory 
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record inaccuracy (section 3). Then, we present our experimental setup and present the results of 
our experiments (section 4). Next, we discuss our results (section 5), and we end with 
conclusions (section 6). 

2.2. Related Literature 

The literature related to this chapter can be grouped in three areas based on the type of 
uncertainty related to inventory ordering they address: behavioral ordering under demand 
uncertainty, ordering policies and decisions under SU, and IRI and its effect on inventory 
policies.  

2.2.1. Behavioral Considerations in Ordering Under Demand Uncertainty 

Within the field of Operations Management (OM), a range of studies explores how humans 
make inventory ordering decisions under uncertainty in operations settings. A seminal 
experimental paper on inventory ordering under uncertainty was written by Sterman (1989). He 
demonstrated the bullwhip effect (order fluctuations that increase upward in the supply chain) 
using the Beer Distribution Game. He observed that subjects base their ordering decisions on a 
desired stock level that is anchored to the initial inventory level they have and that subjects 
underweight the pipeline inventory (outstanding orders). Schweitzer and Cachon (2000) 
published empirical results of a single-period newsvendor experiment in which decision-makers 

place orders when demand is random and supply is certain. The authors consider settings with 
products that have a high and a low-profit margin. They find that average orders placed are 
between the profit maximizing order quantity and the mean demand, implying that orders are 
below (above) the optimum in the high (low) profit condition. This situation is often referred to 
as the pull-to-center effect (the center is the mean demand), and this order pattern has been 
found repeatedly in later studies (Benzion et al. 2008; Bolton et al. 2012; Bolton & Katok 2008; 
Bostian et al. 2008; Feng et al. 2011; Katok & Wu 2009; Kocabiyikoğlu et al. 2016; Lurie & 

Swaminathan 2009; Moritz et al. 2013). Other deviations from optimality that have been found 
repeatedly are, among others, demand chasing and influence of targets (Benzion et al. 2008; 
Kremer et al. 2010; Chen et al. 2015; Gavirneni & Xia 2009; Lurie & Swaminathan 2009; 
Schweitzer & Cachon 2000). 

Proposed explanations for the observed ordering behavior include a tendency to minimize ex-
post inventory error (i.e., reduce the difference between the order quantity and demand), 

anchoring and insufficient adjustment (i.e., anchoring the order quantity to mean demand and 
insufficiently adjusting the order to the optimum quantity), overconfidence, bounded rationality, 
and the Prospect Theory (Li et al. 2017; Long & Nasiry 2015; Nagarajan & Shechter 2014; Ren 
& Croson 2013; Schweitzer & Cachon 2000; Su 2008; Zhao & Geng 2015). Various remedies for 
the observed suboptimal ordering decisions have been proposed, such as task decomposition 
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and providing feedback to foster learning (Bolton & Katok 2008; Bostian et al. 2008; Lee & 
Siemsen 2016; Lurie & Swaminathan 2009). 

2.2.2. Ordering Policies and Decisions Under Supply Uncertainty 

In this chapter, we focus on operational supply uncertainty, which reflects the risk that the 
quantity delivered is a random fraction of the quantity ordered. This risk can be caused by 

various factors, such as quality issues or supplier unreliability (Burke et al. 2009). The associated 
uncertainty hinders firms from matching supply with demand accurately (Xu & Lu 2013), which 
is important to avoid stock-outs, associated opportunity costs, or discounts required to sell 
overstock (Burke et al. 2009).  

With respect to ordering decisions under supply uncertainty, researchers have predominantly 
used analytical models to explore optimal ordering strategies. These models focus on 
determining optimal inventory ordering policies under supply uncertainty (e.g. Burke et al. 2009; 
Inderfurth & Kelle 2011; Keren 2009; Merzifonluoglu & Feng 2013; Rekik et al. 2007; Xu & Lu 
2013). Researchers most often model supply uncertainty as stochastically proportional yield in 
which the quantity received is dependent upon the quantity ordered (Yano & Lee 1995). 
Uncertainty can also be modeled in an additive manner when the quantity received is 

independent of the quantity ordered (e.g. Dada et al. 2007; Keren 2009; Rekik et al. 2007). These 
theoretical models determine profit-maximizing orders when supply is uncertain. However, 
experimental results of actual ordering decisions under demand uncertainty show that subjects 
make decisions that deviate from the profit maximizing quantity. Inspired by these results, 
researchers have recently started to incorporate behavioral considerations in their theoretical 
models. For instance, researchers have made efforts to improve analytical models by modeling 
risk-averse decision makers who face stochastic supply in single – and multi – supplier settings 
(e.g. Giri 2011; Liu et al. 2014; Ma et al. 2016; Shu et al. 2015; Wu et al. 2013). Liu et al. (2014) 

study a single-supplier, single-period setting using a risk-averse newsvendor who must source 
from an unreliable supplier. The study finds that the risk-averse retailer orders less than does the 
risk-neutral retailer when there are no shortage costs, but the reverse might be true when 
shortage costs are considered. In a similar setting, Ma et al. (2016) find that a loss-averse 
newsvendor subject to SU orders less than his loss-neutral counterpart. Giri (2011) studies how 
ordering strategies of risk-averse retailers in situations of dual sourcing differ from risk-neutral 
retailers under dual sourcing when one of the suppliers is unreliable. The study shows that risk-
averse retailers order less from the unreliable supplier. Using a multi-period setting instead of a 

single-period setting, Shu et al. (2015) propose a solution procedure for the risk-averse 
newsvendor. Wu et al. (2013) study the effect of capacity uncertainty on ordering decisions for 
different risk criteria. 

Only recently, empirical research on ordering behavior under supply uncertainty has started to 
emerge. One of the few studies in this domain is done by Käki et al. (2015), who use behavioral 
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experiments in which subjects face SU in addition to random demand. The authors find ordering 
patterns similar to prior newsvendor experiments: under-ordering in the high-profit condition 
and over-ordering in the low-profit condition. Our supply uncertainty setting adopts a similar 
ordering task but considers settings in which demand is known to disentangle the effect of 
supply uncertainty from that of demand uncertainty. In addition, we study ordering decisions 
under IRI and compare them with ordering decisions under SU to explore behavioral effects 
under these two different sources of uncertainty. 

Gurnani et al. (2014) and Kalkanci (2017) focus on ordering decisions in single-period settings 

with two suppliers who have different cost and risk profiles. They study how subjects diversify 
their orders between the two suppliers. Their laboratory results indicate that subjects diversify 
their orders more evenly between the two suppliers than the theoretical optimum would suggest. 
Craig et al. (2016) use field data to study the effect of supplier reliability in terms of supplier 
inventory service levels. They find that stock-outs at suppliers increase retailer orders in the short 
term but decrease orders in the long term. Similar to Gurnani et al. (2014) and Kalkanci (2017), 
we consider single-period settings. Our ordering task includes one supplier while comparing 
ordering decisions under two different types of uncertainty.  

Other researchers examine supply uncertainty in multistage supply chains, e.g., using the beer 
game (e.g., Niranjan, Wagner, & Bode, 2011; Ancarani et al., 2013; Sarkar & Kumar, 2015). For 
example, Ancarani et al. (2013) use the beer game in their experiments to explore the effect of 

uncertainty in supply (modeled by stochastic lead times) on ordering decisions. The researchers 
observe that for all but the retailer echelon, orders are higher in settings with only supply 
uncertainty than in settings with only demand uncertainty. The authors suggest that this 
observation implies that subjects perceive a higher need to mitigate supply uncertainty by 
increasing stock levels than to do so under demand uncertainty. Sarkar and Kumar (2015) use 
the beer game in their experiments to study the effect of sharing disruption information in a 
supply chain. They find that supply disruptions might cause higher order variability but that this 
variability can be reduced by sharing information about disruptions. In contrast to Ancarani et al. 

(2013) and Sarkar and Kumar (2015), we consider ordering decisions in a single supply chain 
stage.  

2.2.3. Inventory Record Inaccuracy and Effect on Ordering Policies 

In recent years, the topic of inventory record inaccuracy has received increasing attention in the 
literature. IRI has numerous causes, such as execution errors related to for example incorrect 
recording of sales, replenishment errors, product misplacement, unrecorded or incorrectly 

recorded damaged items, or factors such as theft by employees or shoplifting by customers 
(DeHoratius & Raman 2008; Kök & Shang 2014). Such circumstances lead to higher inventory 
and stock-out costs (Mersereau 2015) because needless items are ordered or sales are foregone 
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(Cannella et al. 2015). The existence of IRI undermines the efficient and effective use of decision 
support tools such as automated replenishment tools that do not account for inaccuracies and 
will ultimately hinder product availability and thus demand fulfillment.  

Inventory ordering decisions in the presence of inventory record inaccuracy have received 
considerable attention, although only from a theoretical perspective. Researchers have designed 
analytical models to derive inventory policies in the presence of inventory record inaccuracies 
(Chuang & Oliva 2015; DeHoratius et al. 2008; Mersereau 2013; Rekik 2011; Sahin et al. 2008). 
In addition, researchers have proposed strategies which aim to alleviate IRI, such as inventory 
audits, the use of point-of-sales data and the use of RFID technology (DeHoratius & Raman 
2008; T. J. Fan et al. 2014; Gel et al. 2010; Kang & Gershwin 2005; Kök & Shang 2014; Rekik et 

al. 2009; Sahin & Dallery 2009). On this topic, field experiments by Hardgrave et al. (2013) 
indicate that RFID technology can be effective in reducing IRI in retail stores.  

These theoretical models determine optimal ordering strategies under IRI. However, they do not 
focus on behavioral considerations of actual human decision-makers. Studying behavioral effects 
is important to better understand and predict human decision-making, and to ultimately 
anticipate on behavioral effects to improve decision-making. Zhu et al. (2013) incorporate risk 
averseness in their model of a newsvendor who faces IRI. The authors derive optimal ordering 
policies and study the effect of conducting audits and using RFID to reduce shrinkage. However, 
they do not investigate actual ordering decisions under IRI. In fact, to the best of our knowledge, 
no previous work empirically studied how inventory record inaccuracy affects actual inventory 

replenishment / ordering decisions.  

2.3. Models of SU and IRI 

2.3.1. Setting 

Consider a decision-maker (e.g., a retailer), facing a specific single-period inventory problem. 

Opposed to the traditional single-period inventory problem, demand is certain. Moreover, initial 
inventory is present but may be uncertain due to IRI. The retailer places an order to his supplier 
for additional inventory. The quantity received may deviate from the quantity ordered due to SU.  
The retailer’s decision involves determining the profit maximizing ordering quantity which 
trades-off the costs of lost sales (when ordering too little) and excess inventory (when ordering 
too much). As such, the problem setting offers a basic context in which IRI and SU can be 
examined.  

Demand !, is certain. The retailer’s on-hand inventory is denoted by I and his order to his 

supplier by !. We assume that ! < !. Furthermore, the unit purchasing cost is denoted by !, and 

the sales price is denoted by !. The total inventory available to fulfill demand ! consists of the 

actual quantity in the warehouse (known with certainty under SU, random under IRI) and the 
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quantity received (random under SU, known under IRI). At the end of the period, for any 
leftover inventory the retailer incurs a cost, reducing the value of each leftover unit to its salvage 

value ! (i.e., ! <  !).  The cost of overstocking is the purchasing cost minus the salvage value at 

the end of the period, i.e., (! − !). On the other hand, a shortage of inventory results in lost 

sales. Hence, the cost of understocking is the retailer’s profit margin, i.e., (! − !). Next, we 

present the models developed for the two settings: supply uncertainty and inventory record 
inaccuracy. 

2.3.2. SU Model 

Under SU, the quantity received is a random fraction of the ordered quantity and equals 

(1+ !)!, where ! is a zero mean random variable with known cumulative distribution !(!), 
density function !(!) and support [!, !]. In other words, the quantity received can be higher and 

lower than the ordered quantity. For example, if ! = −0.2 and ! = 0.2 this means that the 

quantity received can be up to 20% more or less than the quantity ordered. Because ! is known 

with certainty in this situation, the total inventory available for sale !!" = ! + 1+ ! !. The 
decision-maker’s profit is (1): 

Π(!) = !"!" !,!!" + !"#$ !!" − !, 0 − ! 1+ ! !                          (1) 

His expected profit is (2): 

! Π ! = ! !" ! d!
!

!!!
! !!

+ ! !!"! ! d!
!!!
! !!

!
+ ! !!" − ! ! ! d!

!

!!!
! !!

 

−! 1+ ! !" ! d!!
!                                                           (2) 

Revenue is made up of sales of inventory (! if !!" > !, or !!" if !!" < !) and salvage value 

obtained from selling excess inventory (!!" − !) at the end of the selling period. Unlike 

manufacturing settings in which costs are a function of some known amount of input (hence, 
costs are certain), in our inventory setting costs are based on the uncertain quantity received 
(Dada et al. 2007; Yano & Lee 1995). If quantities received are uncertain, there is uncertainty 
associated with the total purchase costs of the items ordered because companies typically only 
pay for what has been received. Total costs therefore increase (decrease) if the quantity received 
is higher (lower) than the ordered quantity. 

The optimal order quantity !∗ is obtained by taking the first-order derivative (3): 

!" !(!)
!" = ! − ! 1+ ! ! ! d!

!!!
! !!

! + ! − ! 1+ ! ! ! d!!
!                     (3) 
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and equating it to zero. The second order derivative with respect to ! is negative (see Appendix 

A). Therefore, the expected profit function is concave in !, and the first-order condition is 
sufficient for optimality. 

The optimal order quantity !∗ for any distribution of ! is (4): 

! !!!
!∗ − 1 + ![!|! < !!!

!∗ − 1] =
(!!!)
!!!                                           (4) 

The optimal order quantity is the quantity that ensures that the probability that !!" < ! plus 

the expected value of ! given that ! < !!!
!∗ − 1 (i.e., ![!] given that ! is defined such that 

!!" < !) is equal to the ratio (!!!)!!! . This ratio is the complement of the well-known critical 

ratio (!!!)!!! .	In the standard newsvendor problem (stochastic demand, deterministic supply), the 

ratio (!!!)!!!  represents the optimal fraction of demand to be ordered because it balances the cost 

of having too little inventory and having excess inventory. Intuitively, as the critical ratio 

increases (thus, (!!!)!!!  decreases), !∗ will also increase.		 

2.3.3. IRI Model 

Under IRI, the actual level of starting (on-hand) inventory is a random fraction of the recorded 

inventory level and equals (1+ !)!. Similar to the SU model, ! is a zero mean random variable 

with known cumulative distribution !(!), density function !(!) and support [!, !]. The actual 

on-hand inventory can be higher and lower than the recorded inventory. The quantity the 

decision-maker receives is equal to the ordered quantity !. Therefore, the total inventory the 

decision-maker has available for sale is !!"! = 1+ ! ! + !. 

The decision-maker’s profit is (5): 

Π(!) = !"#$ !,!!"! + !"#$ !!"! − !, 0 − !"                                (5) 

His expected profit is (6): 

! Π(!) = ! !" ! d!!
!!!
! !! + ! !!"!! ! d!

!!!
! !!

! + ! !!"! − ! ! ! d!!
!!!
! !! − !"  (6) 

As before, revenue consists of sales of inventory (! if !!"! > ! or !!"! if !!"! < !) and the 

salvage value obtained from selling excess inventory (!!"! − !) at the end of the selling period. 

Costs are based on the ordered quantity; because ! is deterministic costs are now certain 
(contrary to settings with SU). 
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The optimal order quantity !∗ is obtained by taking the first-order derivative (7): 

!" ! !
!" = ! − ! ! !!!

! − 1 + ! − !                                            (7) 

and equating this to zero. The second-order derivative with respect to ! is negative (see 

Appendix A); therefore, the expected profit function is concave in !, and the first-order 

condition is sufficient for optimality. 

The optimal order quantity !∗ for any distribution of ! is (8): 

! !!!∗
! − 1 = !!!

!!!                                                          (8) 

Under IRI and deterministic demand, the optimal order quantity is the quantity that ensures that 

the probability that !!"! < ! equals the ratio !!!
!!! . Compared with the SU model, the right-

hand-side result is the same. The left-hand-side is structurally the same as the first part of the 

optimality condition of the SA model but does not have a second part because uncertainty is not 

dependent upon !. 

2.3.4. Model Comparison 

To illustrate how the optimal ordering quantities under the two types of uncertainty compare, we 

use a numerical example. For simplicity, we assume the random variable ! is uniformly 

distributed (as in other experimental works on SU, for example, Ancarani et al. 2016; Gurnani et 

al. 2014; Käki et al. 2015) and that ! = 1 and ! = −1. The domain of the random variable, 

determined by ! − !, indicates the magnitude of uncertainty. Closed form solutions to the SU 

model and the IRI model can be found in Appendix B. Customer demand is ! = 100 units and 

the starting inventory ! = 50 units. Furthermore, we use the same sales price and salvage value 

as Schweitzer and Cachon (2000), i.e., ! = 12 and ! = 0, respectively. Similarly to Schweitzer 

and Cachon (2000), we consider a high and a low-profit margin product, with per unit 

purchasing costs of !! = 3 and !! = 9, respectively.  

For this specific parameterization we show !∗ for various magnitudes of uncertainty in Figure 

2.2 for both SU and IRI, in the high- and in the low-profit condition. In the high-profit 
condition, the optimal ordering strategies under SU and IRI are quite similar when uncertainty is 
low but the optimal ordering strategies are different when uncertainty is high. In the high-profit 

condition, having excess inventory is less expensive than losing sales. Therefore, !∗ increases 

linearly with uncertainty under IRI. Under SU, however, uncertainty is dependent upon ! and 

the relationship between uncertainty and !∗ is non-linear. In such cases it is not beneficial to 

order more with increasing uncertainty because costs depend on the received quantity and, 
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hence, are uncertain. In the high-profit condition, !∗ only increases with uncertainty up to 

! − ! = 1 in our example, after which !∗ decreases again to ! − ! (!∗ in the case of no 

uncertainty). Because one pays for the quantity received (hence, one also pays for received extra 
units above what has been ordered), it is not beneficial to further increase the order quantity 

when ! − ! > 1. In the low-profit condition, having excess inventory is more expensive than 

having lost sales. Therefore, the optimal ordering strategy under both SU and IRI is to decrease 
the order size when uncertainty increases. 

	
Figure 2.2. Optimal order quantities for varying levels of uncertainty 

We know from experimental studies on ordering decisions in situations with demand uncertainty 
that humans place orders that deviate from the expected profit-maximizing choice due to, 
amongst others, the pull to center effect and demand chasing (Schweitzer & Cachon 2000; 
Benzion et al. 2008; Bolton & Katok 2008; Bostian et al. 2008). Recent studies on SU have also 
observed suboptimal ordering decisions. For instance, under demand and supply uncertainty 

Käki et al. (2015) also observed the pull to center effect and demand chasing. Gurnani et al. 
(2014) observed that under dual sourcing, subjects anchor their orders to the point where the 
expected supply matches demand. Kalkanci (2017) observed that in such situations subjects may 
even place orders that are above the customer demand (quantity hedging). 

Following these findings, we expect suboptimal ordering decisions when there is uncertainty in 
the total inventory available to satisfy demand, either due to SU or IRI. Furthermore, because of 
a difference in the framing of uncertainty under SU and IRI (uncertainty in supplies or on-hand 
inventory), we expect that there is a difference in sizes of the orders placed between situations 
with SU vs. IRI. Because empirical research on SU and IRI is limited, it is unclear what to 
theorize upfront and how to apply behavioral theories to such settings. Hence, this chapter takes 
an exploratory approach rather than formulating formal hypotheses upfront. We start by 

analyzing observed ordering decisions. Thereafter, we examine the observed decisions. In the 
next section, we discuss the setup of our experiments. 
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2.4. Results 

In this section, we present two experiments to study ordering decisions under supply uncertainty 
and inventory record inaccuracy. In study 1, we test how ordering decisions compare to the 

expected-profit-maximizing models developed in section 3. In study 2, we test whether the 
observed differences between ordering decisions under SU and IRI can be attributed to the 
difference in cost structure between SU and IRI. To isolate the effect of differences in cost 
structures we model supply uncertainty being independent of the order size, as in the IRI case. 
Thereafter, we examine why subjects overstock more under IRI than SU. 

2.4.1. Study 1 

2.4.1.1. Experimental Design 

Our experimental design consists of four treatments (see Table 2.1). The treatments differ in 
terms of the type of uncertainty and the profit condition, denoted by XY. X indicates the type of 
uncertainty and can be S (in the case of SU) or I (in the case of IRI). Y indicates the profit 
condition and can be H (in the case of high-profit condition) or L (in the case of low-profit 
condition). 

We employed a between-subjects design and randomly allocated subjects to treatments. The 
treatments were programmed in z-Tree 3.6 (Fischbacher 2007). All experimental sessions 

occurred in a laboratory at Vrije Universiteit Amsterdam. Participants in the experiment were 
second-year Bachelor students in Business Administration who obtained 1 research credit for 
participating in the experiment, provided they carefully followed the instructions. To incentivize 
subjects to do their best, we applied the lottery principle (De Véricourt et al. 2013). After all 
experimental sessions were finished, out of all participants 5 students were randomly selected to 
receive vouchers of a value proportional to the profit they made during the experiment. 

Treatment Type of 
uncertainty 

Profit 
margin* 

No. of 
subjects 

SH SU High 22 

SL SU Low 22 

IH IRI High 22 

IL IRI Low 22 

Table 2.1. Summary of treatments 
* High: critical ratio > 0.5, and low: critical ratio < 0.5 

We use the same values as in section 3.2 to parameterize the treatments. Furthermore, we set 

!~![−0.2,0.2]. With this parameterization, optimal order quantities are the same for a given 

profit condition across both types of uncertainty. Potential differences between SU and IRI 
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settings can therefore be attributed to behavioral factors. The optimal order quantity in the high-

profit condition (treatments SH and IH) is !!∗ = 55, and the optimal order quantity in the low-

profit condition (treatments SL and IL) is !!∗ = 45. In addition, although realizations of ! differ 

across the 22 rounds played, subjects experience the same sequence of realizations. This 
facilitates comparisons between treatments and subjects by enabling us to account for potential 

effects of random differences in inventory positions. We chose parameters such that subjects will 
not experience a loss even when they place an order as large as the maximum amount they could 
sell because decision-makers behave differently in the domain of gains than in the domain of 
losses (Kahneman & Tversky 1979). Hence, loss aversion is not a concern in our settings.2 

Subjects received an instruction sheet explaining the setting supported by illustrative examples 
and then played the “Inventory Ordering Game” for 22 rounds in total, including 2 trial rounds 
(see Appendix C for the instructions on the Inventory Ordering Game). Subjects were told that 
they could receive up to 20% more or less than their order (or have up to 20% more or less than 
the reported level of inventory in stock), supported by an example on how to compute the limits 
and an explanation that any quantity between the limits is equally likely. The experiment 
facilitator also indicated verbally that rounds are independent; uncertainty is independent of the 

rounds, and any leftover inventory at the end of a round cannot be taken to the next round. 
Subjects were told that the game would contain up to 25 rounds to avoid potential end of game 
effects. Subjects were not allowed to communicate with each other but could make notes using 
pen and paper. After each round, results were shown, including quantity received/actual starting 
inventory, ordered quantity, total inventory, sales and profit (see Appendix D for screenshots of 
the Inventory Ordering Game). At the end of the game, subjects filled out a post-game 
questionnaire (which the experiment facilitator informed them about before the game) in which 
they were asked to explain and describe the motivations of their ordering strategy, to provide 

feedback and remarks about the experiment, and to answer demographical questions. Subjects’ 
explanations of their ordering strategy were used to verify the influence of other factors such as 
long-term effects of understocking, the responses suggest this is no. Responses in the post-game 
questionnaire do not suggest such factors are considered. In addition, we included 
comprehension questions to check whether subjects understood the concepts used. Screenshots 
of the post-game questionnaire are shown in Appendix E. 

2.4.1.2. Results 

In this section we present descriptive statistics of the results, explore whether and how ordering 
decisions deviate from optimality, and we compare order variability across treatments. 

First, we explore how ordering decisions in the different treatments compare to the expected-
profit-maximizing order quantity and to one another. Table 2.2 indicates the average order 

 

2 Under the common assumption that the subject’s reference point is zero in each round. 
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quantity placed in each of the treatments. Figure 2.3 shows ordering behavior throughout the 
experiment, with average orders per round under SU and IRI. Table 2.2 and Figure 2.3 show 
that, on average, subjects place orders close to the optimal quantity in the high-profit condition 
(54.68 units under SH and 54.43 units under IH). However, they place order quantities that are 

significantly larger (! < 0.01) than the optimal quantity in the low-profit condition (48.53 units 

under SL and 52.40 units under IL). The average order placed in treatment IL is also above 

optimal in the case of no uncertainty (!∗ = 50 if ! − ! = 0), which is significantly higher than 

the orders placed under SL (! < 0.05). In other words, in the low-profit condition, subjects 
overstock significantly more under IRI than SU. 

 
Average order quantity (!, M) 

High-profit condition 
(!!∗ = !!) 

Low-profit condition 
(!!∗ = !") 

SU 
54.68 

(! = 3.68, ! = 54.40) 

48.53∗∗ 
(! = 6.80, ! = 49.65) 

IRI 
54.43 

(! = 2.32, ! = 55.00) 

52.40∗∗ 
(! = 2.86, ! = 51.23) 

Table 2.2. Average order placed in each treatment with standard deviations (!) and medians (!) in 
parentheses 
** ! < 0.01 
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Figure 2.3. Average orders per round 

Next, we examine the variability in the average order placed by subjects by comparing the 
standard deviations of average orders across subjects (see Table 2.2) under each treatment. It can 

be seen that order variability is higher under SU (!!" = 3.68 and !!" = 6.80) than under IRI 

(!!" = 2.32 and !!" = 2.86). The standard deviations are consistently higher under SU than 

under IRI across the profit conditions (! < 0.05). An explanation could be that subjects found 

decision-making more difficult in settings in which uncertainty is dependent upon the order size 
(which is the case under supply uncertainty) than in settings in which uncertainty is independent 
of order size (as is the case under inventory record inaccuracy), causing more variation in 
ordering decisions between individuals in the case of SU.  

 



28	 	 2.	Ordering	Decisions	Under	Supply	Uncertainty	
and	Inventory	Record	Inaccuracy:	An	Experimental	Investigation	

2.4.2. Study 2  

2.4.2.1. Experimental Design 

In this section we test whether the difference in cost structure between SU and IRI can explain 
the observed differences in ordering decisions. We highlight the effect that supply uncertainty, 
which is dependent on order size, has on order variability. We further propose potential 
explanations why subjects overstock more under IRI than under SU.  

The SU and IRI model differ in two ways: in the cost structure and in the dependence of 
uncertainty on order size. The cost structure is different because under SU subjects pay for the 
actual quantity they receive, which is not necessarily the same as the quantity ordered. Hence, the 
costs associated with an order are uncertain. However, under IRI the quantity received is 
deterministic and so the costs associated with an order are known with certainty. Second, under 
SU in study 1 supply uncertainty is dependent upon, and can thus be manipulated by, order size. 

However, under IRI uncertainty is independent of the order size. To test whether the difference 
in cost structure can explain differences in ordering decisions, in study 2 we reformulate the SU 
model such that uncertainty, like in the IRI model, is independent of the order size. Following 
this adjustment, the expression to obtain the optimal order quantities under SU and IRI model 
are analytically equivalent (see Appendix G for the formulation of the SU model). 

The experimental design of study 2 is similar to study 1. It consists of four treatments where we 
distinguish a high and a low-profit condition for the SU and IRI model (see Table 2.3). The 
instructions provided to subjects in the SU treatments are given in Appendix H. In the SH, SL, 
IH and IL treatment 18, 18, 13 and 15 subjects participated, respectively. 

Treatment Type of 
uncertainty 

Profit 
margin* 

No. of 
subjects 

SH Additive SU High 18 

SL Additive SU Low 18 

IH IRI High 13 

IL IRI Low 15 

Table 2.3. Summary of treatments 
* High: critical ratio > 0.5, and low: critical ratio < 0.5 

2.4.2.2. Results 

Two subjects from treatment IH were excluded from the analysis because their orders indicate 
that the subjects did not understand the game (they ordered less than the minimum amount they 

would ever need in the game or they ordered more than the maximum amount they may ever 
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need). Although inclusion of these subjects would not influence our statistical results, doing so 
would lead to distorted averages and variances, which is undesirable. 

The average order placed in each treatment is indicated in Table 2.4. Figure 2.4 shows ordering 
behavior throughout the experiment and indicates average order sizes per round. For both types 
of uncertainties, the average order quantity in the high-profit condition is below optimal (52.78 
units under SU and 53.80 units under IRI) and the average order quantity in the low-profit 
condition above optimal (47.74 under SU and 50.63 under IRI). These differences from the 

optimum are significant for all but the IH treatment (! < 0.01). Also, in the low-profit 

condition average order sizes under SU and IRI are significantly different (! < 0.01). This 

means that in the low-profit condition subjects overstock significantly more under IRI than 
under SU. 

 
Average order quantity (!, !) 

High-profit condition 
(!∗ = !!) 

Low-profit condition 
(!∗ = !") 

SU 
52.78∗∗ 

(! = 2.91, ! = 53.70) 

47.74∗∗ 
(! = 2.63, ! = 47.90) 

IRI 
53.80 

(! = 2.23, ! = 55.00) 

50.63∗∗ 
(! = 3.87, ! = 50.50) 

Table 2.4. Average order placed in each treatment standard deviations (!) and median (!) in 
parentheses 
** ! < 0.01 
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Figure 2.4. Average orders per round 

This pattern of ordering behavior under SU and IRI is similar to study 1 across profit conditions: 
the average order sizes in the four treatments in study 2 are not significantly different from those 
in study 1. This means that the observed difference in ordering decisions under SU and IRI can 
be explained by the difference in cost structure under SU and IRI. 

In study 1, we observed higher order variability in settings with SU than in settings with IRI for 
both profit conditions. We argue that subjects might find decision-making more difficult when 
uncertainty is dependent on the order size (as is the case under SU in study 1) than when 
uncertainty is independent of the order size (as under IRI). To explore the effect of uncertainty 

dependence on order size, we compare the standard deviations of average order placed by 
subjects under SU in study 1 with the standard deviations of the average orders placed by 
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subjects under SU in study 2. The standard deviations of the average orders in the SU treatments 

of study 2 (! = 2.91 under SH and ! = 2.63 under SL) are lower than those of study 1 

(! = 3.68 under SH and ! = 6.80 under SL). This reduction is significant in the low-profit 

condition (! < 0.001). Thus, we find partial support for the suggestion made in study 1 that 

uncertainty independence of order size reduces variability in ordering decisions. One explanation 
may be that subjects have more difficulty capturing uncertainty that is dependent on their 
decision than capturing uncertainty that is independent of their decision, causing more variation 
in ordering decisions between individuals. 

2.4.3. Errors in Judgment and Errors in Choice 

We continue our analysis by examining (1) why subjects overstock in the low-profit condition 

but place orders that are close to the optimum in the high-profit condition and (2) why subjects 
place larger orders under IRI than under SU. We distinguish two reasons why decision-makers 
deviate from the expected-profit-maximizing decision. First, subjects cannot properly judge the 
value of decision outcomes or their associated probabilities and use heuristics, which biases their 
judgment. Second, subjects may have preferences other than those related to expected profit 
maximization and therefore they use different utility functions. For instance, subjects may value 
leftovers and shortages differently. Next, we examine how biases in probability perceptions may 
explain observed differences in ordering decisions between profit conditions. Thereafter, we 

analyze how a stronger aversion to leftovers under SU may explain observed ordering differences 
between SU and IRI.  

2.4.3.1. Bias in Probability Perception 

It is known that people have difficulty in assessing probabilities of decision outcomes. One cause 
of a biased perception of probabilities is that past experiences can affect subsequent ordering 

decisions. Subjects tend to modify their orders based on recent observations of realizations of 
demand or supply (Bostian et al. 2008; Gurnani et al. 2014; Schweitzer & Cachon 2000) even 
though such experiences may not reflect real probabilities. 

We examine whether subjects consider previous experience of a surplus or shortage in the 
quantity received or actual on-hand inventory in their ordering decisions. We use random effects 
linear regression, which controls for individual effects (Greene 2003), to regress the order placed 

by subject ! in time ! (!!,!) on the variables !"##!!! and !"#$!!!. !"##!!! indicates the 

shortage in quantity received or actual on hand inventory experienced in the previous round 

(which is indicated by !"#$%&!,!!!) and is computed by max (0, !!,!!! − !"#$%&!,!!!). 
!"#$!!! indicates the surplus in quantity received/actual on hand inventory experienced in the 

previous round and is computed by max (0,!"#$%&!,!!! − !!,!!!).  
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This leads to the following regression model (9): 

!!,! = !! + !!!"##!!! + !!!"#$!!! + !! + !!"          (9) 

The error term consists of two parts: !! is the between subject (individual-specific) error 

accounting for individual heterogeneity, and !!" is the within subject (stochastic) error, which 
changes across individuals and with time. 

The results are shown in Table 2.5. It can be seen that experiencing a shortage in the previous 

round leads to an increase in order size by 0.10 units in the subsequent round  (! < 0.001) and 

that experiencing a surplus in the previous round leads to a decrease in order size by 0.08 units in 

the following round (! < 0.01). In other words, past experiences affects subsequent ordering 
decisions.  

 

Table 2.5. Results Random Effects Linear Model 

Our observations indicate that decisions deviate more from optimality in the low-profit 
condition than in the high-profit condition. This pattern can be explained by a combination of 
biases in probability assessment: the availability heuristic in addition to overconfidence. The 
availability heuristic refers to the notion that humans might consider the ease with which they 

can recall or imagine an event when evaluating the probability of that event (Tversky & 
Kahneman 1974). However, easier imagination of one event over another does not imply that 
the probability of the former is higher per se, which might lead to biases. The above analysis 
indicates that recalling a surplus or shortage in the quantity received or on-hand inventory affects 
subsequent orders. In addition, in our experiments subjects may have expected to experience 
shortages more often than surpluses – perhaps because it was easier to recall or imagine why the 
quantity received or on-hand inventory would be lower, rather than higher. This could motivate 
larger order quantities than the optimal order quantity and can explain why we observe order 

quantities above the optimum in the low-profit condition. However, we observed that orders 
placed are not above the optimal quantity in the high-profit condition. This may be explained by 
overconfidence. People are known to be overconfident about the accuracy of their assessment of 
probabilities, causing them to underestimate the variation in a stochastic variable, such as 
demand (Ren & Croson 2013). Such overconfidence leads to ordering decisions that are above 
the optimal quantity in the low-profit conditions and below the optimal quantity in the high-
profit condition (Ren et al. 2017). This is also referred to as the ‘pull to center effect’.  

Variable Coefficient Standard 
Error !-value 

Intercept 51.66 0.31 0.000 

!"##!!!  0.10 0.02 0.000 

!"#$!!!  -0.08 0.02 0.001 
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In the low-profit condition, the availability heuristic and overconfidence both lead to orders 
higher than the optimum. In the high-profit condition, the availability heuristic inflates orders 
whereas the pull-to-center effect deflates orders, i.e., the upward drive of the availability heuristic 
can thus be counteracted by the downward drive of the pull-to-center effect. One might 
therefore expect order quantities around the optimum. This is in line with the observed ordering 
pattern. 

2.4.3.2. Assessment of Leftover and Shortage Aversion 

Next, we examine why subjects place larger orders under IRI than under SU. Prior studies have 
shown that subjects attach a psychological cost to having leftovers and shortages (Ho et al. 
2010). A difference in valuation of leftovers and shortages affects ordering decisions (Castaneda 
& Gonçalves 2018; Becker-Peth et al. 2013; Schiffels et al. 2014), which may explain the 
differences in ordering decisions that we observed. 

We estimate behavioral models of SU and IRI that consider the effect of the assessment of costs 
of overstocking and understocking to examine whether a different valuation of leftovers and 
shortages under SU and IRI may explain the observed differences in ordering decisions. We 

include the parameter ! > 0 (which indicates the weight subjects attach to the cost of 

understocking relative to the cost of overstocking) to model a biased assessment of these costs, 
similar to Schiffels, Fügener, Kolisch, & Jens Brunner (2014). This leads to the following 
behavioral model for SU (10): 

!!! = ! − ! − ! − ! − ! !!!
! !!! ! !!! + !!                                     (10) 

and IRI (11): 

!!! = ! − (1+ !)! − ! − ! ! !!!
! !!! ! !!! + !!                                 (11) 

where !!! represents the average order quantity of subject ! under the behavioral model, ! 

represents the weighting factor of the cost of understocking and !!~!(0,!!) is the error term. 

Following other studies that estimate behavioral parameters (Becker-Peth et al. 2013; Castaneda 
& Gonçalves 2018), we use maximum likelihood estimation. We estimate the following model 
(12): 

! !  !,!) = !(!!!;!,!)!
!!!              (12) 

The results are shown in Table 2.6 where LL indicates the log-likelihood value. All estimates are 

significant, except for !!"! in the high-profit condition, which suggests indifference between cost 

of overstocking and understocking. Furthermore, it can be seen that the weighing factor 

!!" < !!"! across profit conditions. This means that the cost of overstocking is weighted more 
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under SU than under IRI, implying that subjects are more averse to leftovers under SU than 
under IRI. This may explain why subjects place more conservative orders under SU than IRI. 

 High-profit condition Low-profit condition 

! ln(!) -LL  ! ln(!) -LL  

SU 0.59* 

(! = 0.09) 

2.82* 

(! = 0.47) 
28 

1.90* 

(! = 0.24) 

2.55* 

(! = 0.43) 
26 

IRI 0.81 

(! = 0.61) 

11.37* 

(! = 2.23) 
38 

3.40* 

(! = 0.66) 

3.74* 

(! = 0.68) 
27 

Table 2.6. Estimates of behavioral model with standard deviations (!) in parentheses 
* ! < 0.01 

Table 2.6 also indicates that in the high-profit condition 0 < !!" < 1. This indicates leftover 

aversion (cost of overstocking is more important). !!"! is not significant, meaning subjects weigh 

the cost of overstocking and understocking similarly. In the low-profit condition, !!" and !!"! 
are above 1, indicating subjects are averse to shortages but less so under SU than under IRI. This 
leftover aversion under SU in the high-profit condition, and shortage aversion under SU and IRI 
in the low-profit condition can explain why in the high-profit condition subjects place lower-

than-optimal orders under SU but around optimal orders under IRI. It may also explain why in 
the low-profit condition subjects place higher-than-optimal orders under SU and IRI. These 
results are in line with other findings on the valuation of leftovers and shortages (Castaneda & 
Gonçalves 2018).  

2.5. Discussion and Conclusions 

In this chapter, we explore inventory ordering decisions by subjects who face uncertainty in the 

level of total inventory available to fulfill demand, either caused by supply uncertainty, i.e., 
uncertainty in incoming supplies or by inventory record inaccuracy, i.e., uncertainty in the on-
hand inventory level. Although people play an important role in inventory allocation, there is 
little understanding of how people make allocation decisions. To the best of our knowledge, this 
is the first study to empirically investigate inventory allocation decisions. We conducted 
incentivized laboratory experiments where subjects were asked to make ordering decisions facing 
either SU or IRI for products with a high- or a low-profit margin. We find that under both types 
of uncertainty subjects overstock when dealing with low-profit margin products and place orders 

around the optimum when dealing with high-profit margin products. We explained how this 
might result from a combination of biases in probability assessment: the availability heuristic and 
overconfidence. We also find that, when dealing with low-profit margin product, subjects 
overstock more in the face of IRI than in the face of SU. Our analysis suggests that a stronger 
aversion to leftovers under SU than under IRI motivates more conservative ordering under SU 
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than under IRI, which is perhaps caused by a difference in framing of uncertainty under SU and 
IRI. Furthermore, following Käki et al. (2015), we studied ordering decisions by subjects who 
face supply uncertainty that is dependent upon the order quantity. We compare settings in which 
SU is dependent upon – and independent of – the order size. Our findings provide partial 
support that order variability is lower when subjects face uncertainty that is independent from – 
rather than dependent upon – the order size. We contend that subjects find settings in which the 
magnitude of uncertainty depends upon the decision variable more difficult to capture, causing 
more variation in ordering decisions between individuals. 

Results indicate that, when dealing with high-profit margin products, on average, orders placed 
are around the optimal order quantity under both SU and IRI. Laboratory experiments show that 

when there is demand uncertainty, subjects order too little in high-profit margin settings (e.g., 
Schweitzer & Cachon, 2000; Benzion et al., 2008; Bolton et al., 2012). Our findings suggest that 
uncertainty in supplies and inventories may counteract this downward effect of demand 
uncertainty on order quantities in high-profit conditions. 

Our results furthermore show that subject overstock in low-profit-margin settings. This means 
that in situations in which SU or IRI is a concern and profit margins are low, firms might suffer 
from excess inventory. We also observed significantly more overstocking under IRI than under 
SU. In other words, uncertainty in on-hand inventory levels leads to orders that are even further 
above optimal than uncertainty in quantities received. An important managerial implication of 
this is that it is particularly valuable for a company to undertake efforts to reduce inventory 

record inaccuracy, which is a problem that companies can often influence directly by means of 
own preventative actions (as opposed to influencing supply uncertainty, which mostly depends 
on external parties such as suppliers). Together with the fact that inventory record inaccuracy is a 
problem commonly encountered in many companies (DeHoratius & Raman 2008), one may thus 
conclude that reducing inventory record inaccuracy should be high on the agenda of 
organizations. 

This chapter comes with several limitations which open up avenues for further research. We 
used laboratory experiments to study the effect of uncertainty in quantities received versus 
uncertainty in on-hand inventories. This method is commonly used for empirically examining 
psychological and behavioral effects in operations (Bendoly et al. 2006; Siemsen 2011). The 
situational control enabled by the laboratory experiments generates high internal validity. 

Holding other factors constant, it is likely that the factor that is manipulated triggers the 
observed behavior. However, such control limits external validity (transferability of findings to 
practical settings) (Eckerd 2016). Therefore, further research with company data on actual 
ordering decisions could be used to validate behavioral effects of SU and IRI on ordering 
decisions in practice and to identify which additional factors play a role. Relatedly, this research 
uses student subjects. While student subjects are considered adequate to gain understanding of 
the behavioral tendencies that may exist in practitioners (Bolton et al. 2012), care should be taken 
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in interpreting the magnitude of the observed tendencies. Bolton et al. (2012) demonstrate that 
similar behavioral tendencies are present among student subjects and purchasing managers that 
solve a simple newsvendor task. However, they indicate that practitioner subjects should be used 
to obtain a proper indication the magnitude of the behavioral effects, as the magnitude of effects 
may be different for practitioners and students. Therefore, it may be expected that the observed 
behavioral bias caused by SU and IRI are also exhibited by practitioners but further research is 
required to examine the magnitude of the bias. 

The current findings also imply other interesting research questions, including the following: 

What underlying mechanisms can explain the observed behavioral effects of the framing of SU 
and IRI? How could we resolve the observed ordering effects of supply uncertainty and 
inventory record inaccuracy? How could we use the gained understanding about decision-making 
under supply uncertainty and inventory record inaccuracy to design inventory systems that are 
robust to this behavior? Future research could investigate these questions in more detail. 



3	
3. Inventory Rationing Across Channels: The 

Role of Risk Aversion, Loss Aversion, and 
Mental Accounting3 

Abstract 

Purpose – When inventory is limited, prices cannot be used to balance supply and demand, 

rationing of inventory among sales channels is required. In this paper, we examine how people 
make such inventory allocation decisions and aim to explain observed behavioral effects. 

Design/methodology/approach – Using behavioral theories, we formulate several behavioral 
models. Based on the model predictions, we develop hypotheses for formal testing. We 

conducted incentivized laboratory experiments in which a total of 120 subjects allocated limited 
inventory between two sales channels.  

Findings – Subjects make allocations that deviate from the profit-maximizing choice and which 
are in line with risk aversion and loss aversion. Besides having a direct effect, risk appetite affects 

how the timing of payments or the possibility of experiencing losses affects allocation decisions. 
We report on heterogeneity in decision behavior and the coexistence of behavioral effects. 

Research limitations/implications – Further research may explore the role of fairness 
concerns in inventory allocation.  

Practical implications – We provide suggestions on information provision to decision-makers 
that may improve their allocation decisions.  

Originality/value – By empirically studying allocation decisions from the perspective of the 
supplier, this chapter provides novel insights in behavioral effects on allocation decisions. 

Keywords – inventory allocation, rationing, experiment, risk aversion, loss aversion, mental 
accounting, time-discounting, prospective accounting 
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3 The contents of this chapter are based on the working paper Inventory rationing across channels: The role of risk aversion, 
loss aversion, and mental accounting by Hofstra, Spiliotopoulou, de Leeuw, et al. (2018), which is in preparation for 
submission. 
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3.1. Introduction 

With the ongoing digitalization and the growing usage of online sales channels, retailers have 
adopted so called multi-channel strategies where sales take place both through offline channels 

(physical stores) and online channels (web shops and social media) (Verhoef et al. 2015; Melacini 
et al. 2018). Hübner et al. (2015) report that over 50% of the leading retailers use a multi-channel 
strategy. Moreover, physical and online channels are becoming more and more interchangeable 
and seamless in the so called omni-channel retail environment (Verhoef et al. 2015). In such 
environments retailers have to allocate inventory over their sales channels and shops. This 
becomes particularly important when inventory is limited, and prices cannot be adjusted to 
balance supply and demand in the short term. In such cases, rationing of inventory is required, 
which is especially common in industries such as consumer electronics, automotive, and fashion, 

where fixed capacity is not easily expanded, lead times are long, or demand is highly uncertain 
(e.g., in case of new product offerings) (Cachon & Lariviere 1999c; Cachon & Lariviere 1999b; 
Caro & Gallien 2010; Lu & Lariviere 2012). Rationing, or allocation of limited inventory among 
sales channels, not only may harm profitability but also create tension across supply chain 
partners. For example, Apple was blamed by independent retailers for prioritizing iMacs and 
iPods deliveries for its own sales channels at the expense of inventory levels at autonomous 
channels (Wilcox 2002; Wingfield 2004). Although a wide variety of quantitative methods is 
available to facilitate the allocation of a limited resource (e.g., capacity, inventory) among 

customers in practice, humans play an important role in taking these decisions. For instance, 
Caro and Gallien (2010) describe the inventory allocation process at Zara where a team in the 
warehouse is responsible for rationing available inventory among stores by altering (generally 
reducing) channel orders. To the best of our knowledge, this chapter is the first to explore 
human judgment in inventory allocation and the role of behavioral factors in allocation decisions 
across distribution channels. It aims to provide novel insights in inventory allocation from the 
supplier’s – rather than the buyer’s – perspective. 

In practical allocation problems, firms allocate inventory to channels having different 
characteristics. Channels may differ e.g., in terms of profit margin, different levels of inventory 
risk (e.g., risk of having unsold inventory), timing of payments (for example, whether payments 
take place when the order is received or postponed until a later time (trade credit arrangements) 

(Petersen & Rajan 1997)), and type of payments (for example, revenues that are received for 
items sold versus costs that have to be paid for item returns). Among other things, higher levels 
of risk are typically associated with higher profit margins. 

From an analytical perspective, the topic of capacity allocation by a supplier among multiple 
retailers has received considerable attention in the literature (e.g., Adelman and Mersereau, 2013; 
Cachon and Lariviere, 1999a, 1999b, Liu and van Ryzin, 2011, 2008). Optimal dynamic allocation 
policies over time among stores (Caro & Gallien 2010) or different classes of customers 
(Adelman & Mersereau 2013) have been proposed. Furthermore, the effect of various allocation 
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mechanisms on the orders placed by the buyers, and consequently on the supplier’s profitability 
and supply chain performance has been explored (Cachon & Lariviere 1999c; Cachon & 
Lariviere 1999b; Cachon & Lariviere 1999a; Lu & Lariviere 2012). However, there is little 
understanding of how allocation decisions are made in practice and what factors influence the 
allocation decision beyond rational profitability concerns.  

How people cope with risks, timing of costs and revenues has been shown to affect economic 
decisions (under uncertainty) across disciplines (e.g., Benartzi and Thaler, 1995; Kahneman and 
Tversky, 1979; Prelec and Loewenstein, 1998; Putler, 1992; Thaler, 1999),. More notably, the 
related theories of risk aversion, loss aversion, and mental accounting have also been put forward 
to explain decision-making in operations contexts. Risk aversion, i.e., disliking uncertainty in 

outcomes, has been shown analytically and empirically to reduce decision-makers’ order 
quantities (Eeckhoudt et al. 1995; De Véricourt et al. 2013). Therefore, we expect risk averse 
decision-makers to allocate lower quantities to channels that are associated with higher risk 
levels. Furthermore, loss aversion, i.e., more aversion to losses than attraction to same sized 
gains (Kahneman & Tversky 1979), has been shown to reduce order quantities (Schweitzer & 
Cachon 2000; Chen et al. 2013) but also to affect suppliers’ contract preferences and contract 
design choices (Katok & Wu 2009; Zhang et al. 2016). If loss aversion plays a role, we expect 
allocations to channels to which a potential payback has to be made to be lower than allocations 

to channels that do not involve potentially negative payments. Moreover, mental accounting 
describes how people evaluate economic transactions (Thaler 1999) and asserts that people 
mentally combine or divide transactions in time prior to making a choice. For one, time-
discounting suggests discounting of payments occurring later in time (Frederick et al. 2002) 
whereas prospective accounting asserts underweighting of payments occurring earlier in time 
(Prelec & Loewenstein 1998). Chen et al. (2013) study ordering decisions under contracts with 
similar net payments but with payments occurring before and after demand realization. If 
interest rates are significant and/or available capital is limited, they need to be taken into account 

when calculating the rational optimum. To isolate the behavioral effects of contracts with 
different payment timings, Chen et al. (2013) eliminate capital constraints and interest rates from 
their analysis. They observe ordering patterns in line with prospective accounting. In this chapter 
we adopt the modeling assumptions of Chen et al. (2013) in exploring whether differences in the 
timing of payments between distribution channels has an effect on inventory allocation 
decisions.  

To study whether the above behavioral factors affect allocation decisions, we present five 
descriptive models based on the above behavioral theories that predict inventory allocations. In 
these models, we distinguish settings in which inventory has to be allocated between two 
distribution channels. In each setting, there is a distribution channel with a high profit margin 

where the supplier takes the inventory risk (denoted by channel H), and a distribution channel 
with a low profit margin where the distribution channel takes the inventory risk (denoted by 
channel L). The demand from channel H is uncertain whereas the demand from channel L is 
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known. Such settings are equivalent to the two-class revenue management problem where a fixed 
quantity of a flexible resource (e.g., capacity or inventory) has to be divided between two types of 
customers (high value and low value) with different prices and uncertainty (or not) 
(Kocabiyikoglu et al. 2015).  

We conduct incentivized laboratory experiments to empirically examine allocation decisions. Our 
findings indicate that differences between distribution channels induce behavioral effects on 
allocation decisions. Our results indicate that allocations to the high value channel are 
significantly lower than optimal, consistent with the risk aversion model. Also, allocations to the 

high value channel are significantly lower when there are potential losses (i.e., payments from 
returns) associated with this channel, which is consistent with the loss aversion model. 
Furthermore, subjects with stronger risk appetites tend to take more risk by allocating larger 
quantities to channel H when the channels only differ in inventory risk. However, these subjects 
are also more sensitive to additional channel differences. When the payments from channel L are 
received sooner than those of channel H or when losses can be incurred due to payments from 
returns of channel H, channel L becomes more attractive, motivating larger allocations to 
channel L. Subjects with little risk appetite allocate more to channel L irrespective of other 

channel differences. This may explain why additional channel differences are not as motivating 
to further increase their allocation to channel L. Moreover, we find that behavioral effects can 
coexist. Subjects who exhibit time-discounting generally also exhibit loss aversion in their 
allocations. 

These findings suggest that differences in the timing of payments and types of payments are 
sufficient to induce a behavioral effect on allocation decisions. This has managerial implications, 
which go beyond the particular supply planning contexts with inventory allocation that is the 
focus of this chapter. One could also think about production planning contexts where excess 
capacity could be used to either produce low value items that can be sold with certainty or wait 
for an order for high value items that may, or not may, arrive. It is important to consider that a 
planner in such contexts may act differently although the rationally optimal allocation is the same 

across settings. The way information is presented can affect allocations. Hence, altering the way 
information is presented may improve allocations. For instance, presenting net revenue rather 
than gains and losses separately can avoid loss averse behavior and increase allocations towards 
the profit-maximizing optimum. Likewise, letting payments of all allocations occur after demand 
realization, leads, on average, to allocations that are closer to the profit-maximizing optimum. 

The rest of the paper is organized as follows. In section 2 we give an overview of related 
literature. In section 3 we describe the models of allocation decision-making and present our 
hypotheses. In section 4 we present our results. We end in section 5 with a discussion of the 
results and conclusions.	
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3.2. Related Literature 

This chapter relates to three areas of research within the supply chain management literature: 
inventory allocation, revenue management and supply chain contracts. We first describe relevant 
related literature on inventory allocation. Then we discuss related behavioral studies on revenue 
management. Thereafter we describe related behavioral studies on supply chain contracts 
focusing specifically on studies that take the supplier’s perspective.  

The literature on inventory allocation has mainly taken an analytical approach to studying 
allocation decisions. Various allocation mechanisms that specify how limited inventory (or 

capacity) is distributed have been studied. Examples are linear allocation (the order plus/minus 
the same share of surplus or shortage in the total inventory available to allocate), proportional 
allocation (same fill rate), uniform allocation (same quantities), and “turn-and-earn” (based on 
past sales) (Cachon & Lariviere 1999a; Cachon & Lariviere 1999b). The focus has been on the 
effect of these mechanisms on orders placed by stores, allocation efficiency and overall 
performance of the supply chain (Cachon & Lariviere 1999c; Cachon & Lariviere 1999b; Cachon 
& Lariviere 1999a; Lu & Lariviere 2012). Methods have been proposed for allocating limited 
capacity when customers remember past service (Adelman & Mersereau 2013). Also, the effects 

of strategic capacity rationing to influence timing of purchases have been explored (Liu & van 
Ryzin 2008; Liu & van Ryzin 2011). 

To the best of our knowledge, there is one empirical study on inventory allocation, which takes 
the buyer’s perspective. Spiliotopoulou et al. (2017) study how different allocation mechanisms 
influence ordering decisions in a setting where a central planner allocates inventory among 
multiple buyers while maximizing system profit. The researchers find that allocation mechanisms 
may motivate buyers to increase their orders above their demand to raise the quantity they will 
be allocated but that such strategic ordering is less likely under the uniform, rather than 
proportional and linear, mechanism. Whereas the study of Spiliotopoulou et al. (2017) focuses 
on the buyer’s problem of placing an order in response to certain allocation mechanisms, this 

chapter investigates the supplier’s problem of deciding on the quantities to allocate to buyers 
who are not identical but differ in terms of profit margins, uncertainty, and timing/type of 
payments. 

There are a few empirical studies on capacity allocation from the supplier’s perspective. They 
explore how differences in the decision tasks, or the framing thereof, affect allocations. These 
studies are based on the two-class revenue management problem (Littlewood 1972) in which a 
fixed amount of capacity has to be reserved for two customer classes (high, and low, value) with 

associated prices !! and !! and where !! > !!. This two-class revenue management problem is 

mathematically equivalent to the newsvendor problem (Pfeifer 1989; Kocabiyikoglu et al. 2015). 
Kocabiyikoglu et al. (2015) conduct laboratory experiments to study capacity allocation under 

high and low profit margins and explore how they compare with inventory ordering decisions. 
The researchers find that the revenue management problem is behaviorally different from the 
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newsvendor problem. Subjects who were confronted with the revenue management problem 
allocate too little (much) capacity to high value customers in the high (low) profit condition, but 
allocate consistently more capacity to high value customers than newsvendors order in an 
analogous setting. Also, these subjects experience overage more often than newsvendors do. The 
researchers find that subjects who were confronted with the newsvendor problem attach more 
weight to losses compared with those who were confronted with the revenue management 

problem. The researchers posit that overage cost are more salient to newsvendors as they incur 
negative earnings when ordering too much whereas revenue managers experience neither a gain 
nor a loss for the excess capacity allocated to high value customers. Cesaret & Katok (2016) 
explore capacity allocation decisions for high and low value customers, who arrive in an ordered 
or unordered manner, when up-front or sequential decisions have to be made for the entire 
capacity to allocate. Their experimental results indicate that subjects make suboptimal allocation 
decisions but perform better when they make up-front rather than sequential decisions on the 
entire capacity to allocate. Kocabiyikoglu et al. (2017) explore how framing of the type of 

decision affects capacity allocation choices. They frame the allocation decision as setting a 
protection level for high value customers and as setting a booking limit for low value customers. 
The researchers find that subjects consistently allocate too little capacity to the high value 
customer but allocate more capacity to the high value customer if the decision is framed as a 
protection level.  

Similar to these studies, this chapter focuses on the supplier’s allocation decision. However, this 
chapter differs from these works by exploring behavioral effects resulting from differences 
between customers rather than differences in the decision task or the framing thereof 
(Kocabiyikoglu et al. 2017; Cesaret & Katok 2016). Moreover, our allocation problem is 
contextually different from the revenue management problem by dealing with two customers 

ordering multiple units rather than dealing with many customers desiring a single unit of 
capacity. Hence, individuals may perceive allocation decisions in these settings differently. 
Furthermore, the customers, or distribution channels in our context, may differ in aspects other 
than profitability, such as timing and type of payments involved. 

This chapter also relates to research on supply chain contracts. From an analytical perspective 
contract design has received ample attention (see Cachon (2003) for a review). In recent years, 
there has been an increase in behavioral studies on supply chain contracts. Studies focus mainly 
on exploring the ordering behavior of the buyer under different contractual forms. In this regard, 
wholesale price contracts in the newsvendor context have been extensively studied (e.g., Becker-
Peth et al., 2013; Bolton and Katok, 2008; Chen et al., 2013; Ren and Croson, 2013; Schweitzer 
and Cachon, 2000). Katok and Wu (2009) study optimal ordering decisions under different 

contractual forms. They take the perspective of the supplier by studying suppliers’ contract 
design choices and how this affects theoretically optimal retailer orders (in their experiment, 
retailers are computerized buyers who behave rationally). The authors find that, under different 
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contracts, suppliers select different contract parameters, which lead to differences in subsequent 
retailer orders, and they argue these differences are in line with loss aversion. Kalkanci et al. 
(2011) investigate suppliers contract parameter choices under contracts differing in complexity. 
In their experiments, buyers are virtual entities set to behave rationally. The authors find that 
suppliers select wholesale prices below optimal under all contracts. Also, suppliers obtain similar 
profits under simpler wholesale price contracts and more complex quantity discount contracts 
because, under the latter contract, subjects face difficulty selecting optimal price breaks. Kalkanci 

et al. (2014) extend this study by considering human, rather than computerized, buyers. They 
find that suppliers set significantly lower price breaks in the human-to-human experiment, at the 
benefit of buyers, suggesting that suppliers have social preferences. Indeed, the authors find that 
suppliers are concerned about fairness when interacting with humans as well as computers. 
Zhang et al. (2016) study suppliers’ contract preferences and contract design decisions. They find 
that suppliers prefer the revenue sharing contract in the high profit condition but prefer the 
buyback contract in the low profit condition and show that this can be explained by loss 
aversion. The researchers also find that the contractual form affects suppliers’ choice of contract 
parameters. 

The aforementioned studies focus on suppliers’ contractual design decisions for one particular 
contract in settings with one supplier and one buyer. Instead, we are the first to focus on a 

supplier who has to make decisions while considering different contracts of the two buyers 
(distribution channels) at the same time, while taking the contracts themselves as a given. The 
study in this chapter is furthermore different from these works as we focus on allocation 
decisions when there are inventory (capacity) constraints, which has not been taken into account 
in the above studies. Moreover, the aforementioned works are based on the newsvendor 
problem, which involves revenues and costs. However, our allocation problem, based on a 
revenue management problem, is concerned with revenue maximization given a limited resource. 
Such revenue management decisions have been shown to be behaviorally different from 

newsvendor decisions (Kocabiyikoglu et al. 2015). 

3.3. Models of Allocation Decision-Making and Hypotheses 

3.3.1. Setting 

In the allocation problem that we study a decision-maker decides on how to ration (i.e., 

partition) a limited amount of inventory ! among two distribution channels (H and L). The 

decision-maker faces a single period problem to allocate inventory, which he is exposed to 
multiple times, while each problem is independent from the previous one. Distribution channel 
H is the high profit margin channel where the supplier takes the inventory risk. Sales to this 

channel depend on final customer demand, !! , which is uncertain. Distribution channel L is the 

low profit margin channel. The channel places an order to the supplier and assumes inventory 

risk.  Let !! denote the order placed by channel L, where !! ≥ !, that is, the supplier could sell 
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all available inventory to channel L. The high and low profit channel profit margins per item are 

given by !! and !!, respectively, where !! > !!.  

The allocation decision involves a trade-off between allocating too much inventory to channel H 

leading to worthless leftovers that could have been allocated to channel L (!! = !!), and 

allocating too little inventory to channel H leading to missed revenue from the more profitable 

channel H (!! = !! − !!). The decision-maker has to decide how many items to allocate to 

channel H, denoted by !! . The remaining units are allocated to channel L, i.e., !! = ! − !! .  

Aside from who takes the inventory risk, the distribution channels may differ in terms of a) 
timing of payments and b) type of payments. These aspects vary according to the contractual 
form. We consider four basic forms, which serve as basis for more complicated contracts. Two 
forms under which the distribution channel (i.e., the buyer) takes the inventory risk are a simple 
wholesale price contract and a wholesale price contract with supplier financing. Under a simple 
wholesale price contract the supplier receives revenue directly after the quantity has been 
allocated and sent to the buyer (pay-on-delivery), i.e., before demand is realized. In case of 
supplier financing, the buyer’s payment is delayed until demand has been realized but, again, the 

buyer pays for the entire quantity received (irrespective of sales). Two forms under which the 
supplier takes the inventory risk are a vendor-managed inventory (VMI) contract and a buyback 
contract. Under VMI the supplier manages the inventory which is physically held at the buyer’s 
premises. The supplier receives revenue from the buyer based on store sales (pay-on-use), i.e., 
after demand realization. Note that the characteristics of this form could also apply to a 
supplier’s own sales channel. Under a buyback contract the supplier receives revenue for the 
quantity delivered to the buyer prior to demand realization, but must buy back any end-of-period 
leftovers from the store after demand realization. 

We distinguish three settings in which inventory has to be allocated between channel H and L 
and that vary in contractual forms. Setting A includes a channel with a wholesale price contract 

with supplier financing and a channel with VMI. In this setting, the channels are the same in 
timing, and type of payments. Setting B includes a channel with a wholesale price contract and a 
channel with VMI. Thus, the channels vary in timing of payments, but not in the type of 
payments specified in the contracts. Setting C includes a channel with a wholesale price contract 
and a channel with a buyback contract. In this case, the channels differ in type, but not in timing, 
of payments. We discuss each of the settings below. 

3.3.1.1. Setting A – Effect of Inventory Risk/Uncertainty 

In setting A, channel H has a VMI contract and channel L has a wholesale price contract with 

supplier financing. At the beginning of the sales period, the supplier receives an order !! from 

channel L. Then, the supplier allocates, and ships, inventory to the two distribution channels (!! 
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and !! = ! − !!). At the end of the sales period, the supplier receives revenue !! per unit sold 

through channel H and receives revenue !! per unit shipped to channel L. Payments from the 
channels are the same in terms of timing and type as can be seen in Figure 3.1. 

	
Figure 3.1. Timing of events setting A 

3.3.1.2. Setting B – Effect of Timing of Payments 

In setting B, channel H has VMI and channel L has a simple wholesale price contract. At the 

beginning of the sales period, the supplier receives an order !! from channel L. Then, the 

supplier allocates, and ships, inventory to the two distribution channels (!! and !! = ! − !!). 

The supplier receives revenue !! per unit sent to channel L directly after sending the inventory. 

At the end of the sales period, the supplier receives revenue !! per unit sold through channel H. 

Payments from the two channels differ in terms of timing but not in type (see Figure 3.2).  

	
Figure 3.2. Timing of events setting B 

3.3.1.3. Setting C – Effect of Type of Payments 

In setting C, channel H has a buyback contract and channel L has a simple wholesale price 

contract. At the beginning of the sales period, the supplier receives an order !! from channel H 

and an order !! from channel L. Then, the supplier allocates, and ships, inventory to the two 

distribution channels (!! and !! = ! − !!). Directly after sending inventory to the channels the 

supplier receives revenue !! per unit sent to channel H and receives revenue !! per unit sent to 

channel L. At the end of the sales period, the supplier pays back channel H for the units that 
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were not sold !! per unit leftover. Related payments differ in type but not in timing. The timing 
of events is indicated in Figure 3.3. 

	
Figure 3.3. Timing of events setting C 

Below, we present five models predicting allocation decisions based on different behavioral 
theories. The expected-profit-maximizing model serves as benchmark. Following Chen et al. 
(2013), we assume that interest rates are insignificant to be able to evaluate behavioral effects in 
allocation decisions. The other models are based on risk aversion, loss aversion, and mental 
accounting (i.e., time-discounting and prospective accounting). We define reward functions that 

specify for each behavioral theory how a decision-maker values payments in different settings. 
Based on the models’ predictions, we formulate hypotheses, which we empirically test in section 
4.  

3.3.1. Expected-Profit-Maximizing Model 

Let !! !! ,!!  denote the reward function of a decision-maker in setting ! ∈ {!,!,!} when he 

allocates !! to channel H and demand is !! . Furthermore, let !(∙) indicate the cumulative 

distribution function of the uncertain demand of channel H. A rational decision maker is 

interested in maximizing his expected profit, hence, his reward is equal to his net revenue in a 
particular setting: 

!! !! ,!! =
!! ! − !! + !!min !! ,!!                          !" ! = !,
!! ! − !! + !!min !! ,!!                          !" ! = !,
!! ! − !! + !!!! − !!max !! − !! , 0  !" ! = !.

 

PROPOSITION 1. The expected-profit-maximizing allocations to channel H in the different settings are 

!!! = !!! = !!! = !!∗   where !!∗ = !!! (!! − !!) !! . 

All proofs are relegated to Appendix I. 

The net revenue as a function of !! is the same across settings, hence the expected-profit-

maximizing allocation to channel H remains the same. This is the well-known solution to the 
two-class revenue management problem, which is also known as Littlewood’s Rule (Littlewood 
1972).	
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3.3.2. Risk Aversion Model 

Risk averse decision-makers dislike uncertainty in outcomes. We model a risk averse decision-

making having an utility function !!(∙) that is increasing in profits and concave (!!′(∙) ≥ 0 and 

!!′′(∙) ≤ 0). (See, for example, Eeckhoudt et al. (1995)). The decision-maker’s reward in each 

setting is: 

!! !! ,!! =
!! !! ! − !! + !!min !! ,!!                             !" ! = !,
!! !! ! − !! + !!min !! ,!!                             !" ! = !,
!! !! ! − !! + !!!! − !!max !! − !! , 0    !" ! = !.

 

PROPOSITION 2. If the decision-maker is risk averse, the optimal allocations to channel H in the different 

settings are !!! < !!∗ , !!! < !!∗ , !!! < !!∗ .  

A risk averse decision-maker would allocate to channel H strictly less inventory than the 
normative optimum, across all settings, to reduce uncertainty/variability in profits. 

3.3.3. Loss Aversion Model 

Loss aversion stems from Prospect Theory and is based on the idea that people dislike incurring 
a loss relative to some reference wealth, e.g., present wealth (Kahneman & Tversky 1979). 
Similar to Chen et al. (2013), we assume that individuals update their reference wealth when 
payments are made before demand realization. To model loss aversion we use the utility function 

!! ! = {! if ! ≥ 0;  !" if ! < 0} in which ! is the net payment and ! is the loss aversion 

factor (see, for example Schweitzer and Cachon (2000) or Chen et al. (2013)). The loss aversion 

factor is ! > 1 if one is loss averse. Suppose the net payments taking place before and after 

demand realization in setting ! ∈ {!,!,!} are !!! (!!) and !!! (!!), respectively. The reward 

function is based on the utility derived separately from the net payments occurring before and 
after demand realization: 

!! !! ,!! = !! !!! (!!) + !! !!! (!!)  

=
!! ! − !! + !!min !! ,!!                             !" ! = !,
!! ! − !! + !!min !! ,!!                             !" ! = !,
!! ! − !! + !!!! − !!!max !! − !! , 0   !" ! = !.

 

PROPOSITION 3. If the decision-maker is loss averse and adjusts his reference wealth with the payments 
received before demand realization, his optimal allocations to the high profit margin channel in the different settings 

are !!! < !!! = !!! = !!∗ . 

If decision-makers are loss averse, their optimal allocation to channel H in setting A and B is 
equal to the normative solution because in these settings decision-makers do not experience 
losses, but only gains. Decision-makers can experience losses in setting C. Note that, in the third 
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equation, the second and third term reflect the payments related to channel H but the loss 
aversion coefficient only applies to the third term because the second term is always a gain (any 
payback occurs after an advance payment). If decision-makers are loss averse, their optimal 
allocation to channel H in setting C is lower than the normative solution because of the potential 
loss the buyback contract imposes in setting C.		

3.3.4. Time-Discounting Model 

Broadly speaking, time-discounting refers to any reason people may have to care less about 
things happening in the future compared with things happening at present (Frederick et al. 
2002). In other words, time can have a discounting effect. Similar to Chen et al. (2013) we 
assume that the realization of uncertain demand separates the payments in time. This means that 
decision-makers fully account for payments occurring before demand realization but discount 

payments occurring after demand realization because these latter payments occur at a later point 

in time. Suppose that ! is the discounting factor applied to payments occurring after demand 

realization where 0 < ! < 1. The decision-maker’s reward function is then: 

!! !! ,!! =
!!! ! − !! + !!!min !! ,!!                         !" ! = !,
!! ! − !! + !!!min !! ,!!                           !" ! = !,
!! ! − !! + !!!! − !!!max !! − !! , 0   !" ! = !.

 

PROPOSITION 4. If a decision-maker applies time-discounting his optimal allocations to channel H in the 

different settings are !!! < !!! = !!∗ < !!! . 

According to the time-discounting model, in setting A, a decision-maker’s optimal allocation is 
equal to the normative allocation because in this setting all transactions take place after demand 

realization. The payments are discounted by the same factor, meaning that their relative 
importance does not change. However, if time-discounting plays a role, the optimal allocation in 
setting B is below the normative optimum and the optimal allocation in setting C is above the 
normative optimum. The reason is that in setting B, all revenues from channel H are discounted. 
In other words, the value that channel H may bring is underweighted, which is why the optimal 
allocation to this channel would be lower than the normative optimal. However, in setting C the 
revenues are fully accounted for whereas the payback in case of leftovers is discounted. In other 
words, potential losses are underweighted, which is why channel H would be valued more 

compared with its value based on the expected-profit-maximizing model, resulting in an 
allocation to this channel that is higher than the normative optimum. 
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3.3.5. Prospective Accounting Model 

There is understanding that consumers perceive a connection between the payment and 
consumption of e.g., a product (Prelec & Loewenstein 1998). At the moment of payment there is 
the prospect of consumption and, vice versa, at the moment of consumption there is the 
retrospect of the payment. However, consumers have a stronger perception of the prospect 

compared with the retrospect, which makes them care more for later events compared with 
earlier events. This mental accounting rule is referred to as prospective accounting. Following 
Chen et al. (2013), we assume that the realization of uncertain demand separates payments in 
time. According to prospective accounting decision-makers underweight transactions that take 
place before demand realization but fully account for transactions that take place after demand 

realization. This tendency is, in fact, the reverse of time-discounting. Suppose that ! is the 

underweighting factor applied to payments occurring before demand realization (in all settings, 

these payments are gains, i.e., revenues that are collected) where 0 < ! < 1. The decision-
maker’s reward function is: 

!! !! ,!! =
!! ! − !! + !!min !! ,!!                                 !" ! = !,
!!! ! − !! + !!min !! ,!!                              !" ! = !,
!!! ! − !! + !!!!! − !!max !! − !! , 0   !" ! = !.

 

PROPOSITION 5. If a decision-maker applies prospective accounting, his optimal allocations to channel H in 

the different settings are predicted to be !!! < !!! = !!∗ < !!! . 

Based on the prospective accounting model, in setting A, the decision-maker’s optimal allocation 
quantity to channel H is equal to the normative allocation because all payments take place after 
demand realization, that is, all payments are fully accounted for. However, if decision-makers use 

prospective accounting, their optimal allocation to channel H in setting B is above the normative 
optimum and their optimal allocation in setting C is below the normative optimum. This pattern 
of allocation predictions is the reverse of the predictions of the time-discounting model. 

Based on the predictions of the behavioral models, we formulate hypotheses for empirical 
testing. These hypotheses are presented in Table 3.1. 
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Behavioral model Hypotheses 

Risk aversion 

H1. Allocations to channel H are lower than the expected-

profit-maximizing allocation in all settings (!!! < !!∗ , !!! < !!∗ , 

!!! < !!∗ ). 

Loss aversion 
H2. Allocations to channel H in setting C are lower than in 

setting A and B (!!! < !!! = !!!). 

Time-discounting 

H3. Allocations to channel H in setting B are lower than in 

setting A whereas allocations to channel H in setting C are 

higher than in setting A (!!! < !!! < !!! ). 

Prospective accounting  

H4. Allocations to channel H in setting C are lower than in 

setting A whereas allocations to channel H in setting B are 

higher than in setting A (!!! < !!! < !!!). 

Table 3.1. Hypotheses based on the behavioral models’ predictions 

3.4. Experiments 

In this section, we first present the experimental design to test our hypotheses and then we 

present our results. 

3.4.1. Experimental Design and Procedures 

To study allocation decisions, we conducted incentivized laboratory experiments. We employed a 
combination of a within-subjects and between-subjects design (see Table 3.2). To study whether 
behavioral factors affect inventory allocation, we compare allocation decisions across setting A, 

B, and C. To this end, we used a within-subjects design where each subject was exposed to all 
three allocation settings. To control for sequence effects, we varied the sequence in which 
treatments were shown between sessions and randomly assigned subjects to sessions. 

Furthermore, we let subjects experience different order sizes of channel L (indicated by !!). We 

did so to study whether subjects consider fill rates in taking allocation decisions. Subjects may 
strive to fulfill a minimum fraction of the channels’ orders. To study such fill rate considerations, 
we used a between-subjects design. Each subjects experienced the three settings A, B and C. 

One part of the subjects, however, experienced an order size of channel L which enables them to 

sell all available inventory to channel L, i.e., !! = 80 units, whereas the other subjects 

experienced !! = 160 units. 
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Treatments 

 Setting A* Setting B* Setting C* 

!! = !"** 62 

!! = !"#** 58 

Table 3.2. No. of subjects per treatment 
* Within-subject design 
** Between-subject design 

We used the following parameterization for our treatments, ensuring that the optimal allocation 

is the same across settings. Following Kocabiyikoglu et al. (2015), we assume !!~![0,80]. 
Furthermore, the profit margins of channel H and channel L are !! = 120 and !! = 60, 

respectively. The cost of overage is equal to the cost of underage, hence, the optimal allocation 

to channel H is simply the average demand, i.e., !!∗ = 40 units. To ensure that any deviations 

from this optimum are not affected by any fairness concerns that may cause aversion to an 

unequal allocation to the two distribution channels, we set ! = 80 so that !!∗ = !!∗ = 40 units 

(recall that !!∗ = ! − !!∗ ). Moreover, the order placed by channel H that has a buyback contract, 

!! , is equal to this channel’s optimal order, which is its maximum demand, i.e., !! = !! (by 

ordering !! the channel minimizes underage risk, under a buyback contract the channel is not 

exposed to overage risk). Additionally, it ensures that the VMI and buyback contract are 
equivalent in terms of revenue under any demand realization. 

The treatments were programmed in z-Tree (Fischbacher 2007). The experiments took place in a 

laboratory at the Vrije Universiteit Amsterdam. In total, 120 subjects participated in the 

experiments: 62 subjects experienced !! = 80 and 58 subjects experienced !! = 160. 

Participants were first-year Bachelor students in Business studies. They obtained 6 research 
credits for participating, provided they correctly followed up on the instructions. To motivate 
subjects to do their best during the experiment, we used a lottery (De Véricourt et al. 2013). 
After all experimental sessions were finished, out of all participants five students were randomly 
selected to receive a voucher valued proportional to the revenue he/she made in the experiment.  

At the start of the experiment, subjects received on-paper instructions explaining the allocation 
problem and a general description of the setting supported by computational examples (see 
Appendix J). Thereafter, subjects experienced 32 decision rounds, including 2 trial rounds and 10 

rounds per treatment. Treatment-specific details were provided on the screen prior to a change 
in treatment and a summary of these details was shown on each decision screen (see Appendix K 
for the setting-specific information provided to the subjects). Before the start of the experiment, 
the experiment facilitator stressed verbally that rounds (hence, uncertainty) were independent. 
Subjects were not informed about the exact number of decision rounds to avoid end of 
experiment effects. Furthermore, subjects were allowed to take notes on paper but were not 
allowed to communicate between them.  
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To increase subject awareness of the differences in timing of payments, in each setting subjects 
go through results screens corresponding to the timing of the payments in that setting. Each 
setting starts with an information screen with setting-specific details, followed by a decision 
screen. The subsequent demand realization screen, results screen(s) and order thereof vary with 
the timing and type of payments (hence, contractual form). In setting A, the supplier receives 
revenue from channel H and L at the end of the sales period, hence, the decision screen is 

followed by a screen with the demand realization of channel H, the revenue received from 
channel H and L, and the total revenue generated in that round. In setting B, the supplier 
receives revenue from channel L directly after sending the inventory but receives the revenue 
from channel H at the end of the sales period. Therefore, in setting B, the decision screen is 
followed by a screen with the revenue received from channel L. Thereafter, subjects witness a 
screen with the demand realization of channel H, the revenue received from channel H, and the 
total revenue generated in that round. In setting C, the supplier receives revenue from channel H 
and L directly after sending the inventory but has to buy back any leftovers from channel H at 

the end of the sales period. Thus, in setting C, the decision screen is followed by a screen with 
the revenue received from channel L and initial revenue from channel H. Then, subjects see a 
screen with the demand realization of channel H, the payback to channel H, and the total 
revenue generated in that round. Appendix L includes screenshots of a decision screen and 
results screens. When subjects finished the experiment, they were asked to fill out a post-
experiment questionnaire (about which they were informed prior to the experiment) to explain 
their allocation strategy and if (and if so, how and why) it changed during the experiment. To 
check whether subjects understood the concepts in the experiment, we also included 

understanding questions.		

3.4.2. Hypothesis Testing 

In this section, we present the descriptive statistics of the results and test the hypotheses of the 
behavioral models.  

As each subject was exposed to three settings (A, B, C) we first check for sequence effects by 
comparing allocations made when each setting was shown first, second, and third. As we observe 

no sequence effects (! > 0.1 across settings) we test for order size effects. Table 3.3 reports the 

average allocation made under !! = 80 and !! = 160 for each setting and indicates the 

significance of the difference from the optimal allocation !!∗ . The results indicate that there is no 

significant difference in average allocations made in face of different order sizes of channel L 

(! > 0.1 across treatments). Subjects did not increase their allocation to channel L in response 

to a larger order placed by the low profit distribution channel. Thus, our results are robust to 

varying low profit channel orders. For further analysis we combine the decisions made under the 
different low profit channel orders.	
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 Average !! per setting (!!∗ = 40) 
(standard deviation in parentheses) 

Setting !! = !! !! = !"# Combined 

A 
37.75* 

(11.52) 

36.52*** 

(10.33) 

37.16*** 

(10.93) 

B 
37.50** 

(9.31) 

35.60**** 

(8.74) 

36.58**** 

(9.05) 

C 
32.81**** 

(10.90) 

30.70**** 

(9.18) 

31.79**** 

(10.12) 

Table 3.3. Average allocations per setting and low profit channel order size 
* ! < 0.1, ** ! < 0.05, *** ! < 0.01, **** ! < 0.001 

To test the hypotheses developed based on the behavioral models, we formally test how 

allocations across settings compare with optimality and one another. First, we test H1 by 
analyzing how the average allocations made in each setting compare to the optimal allocation. 
Table 3.3 indicates the average quantity subjects allocated to channel H across settings. Figure 
3.4 shows the average allocation to channel H for each setting per round. It can be seen that 
allocations to channel H are below optimal across settings. Subjects allocate, on average, 37.16 
units to channel H in setting A, 36.58 units in setting B and 31.79 units in setting C. These 

allocations are significantly below the expected-profit-maximizing quantity of 40 units (! < 0.01 

across settings), hence, we find evidence supporting H1. 

	
Figure 3.4. Average allocation to channel H per round 



54	 	 3.	Inventory	Rationing	Across	Channels:	The	Role	
of	Risk	Aversion,	Loss	Aversion,	and	Mental	Accounting	

To test H2, H3 and H4, we compare the average allocations across setting A, B and C. First, we 

compare !!! with !!! . Results indicate no significant difference (! > 0.1) meaning that subjects 

do not allocate significantly different amounts of inventory to channel H in setting A compared 

with setting B. Second, we compare !!! with !!! . Allocations to channel H in setting C are 

significantly lower than in setting A (! < 0.01). Third, comparing !!! with !!!  we find that 

allocations to channel H in setting C are significantly lower than in setting B (! < 0.01). In other 

words, on an aggregate level we observe an allocation pattern where !!! < !!! = !!! , which is 

evidence supporting H2. We do not find evidence for the effect of timing of payments on 
allocation decisions (H3 and H4) at the aggregate level. The standard deviations in Table 3.3 
signal a high variability in allocation decisions. Differences between subjects will be further 
explored in sections 4.3, 4.4 and 4.5.  

Based on the aggregate results we observe an allocation pattern where !!! < !!! = !!! < !!∗ . 

Subjects allocate significantly less than the normative optimal amount of inventory to the ‘risky’ 
distribution channel where the supplier assumes inventory risk and, vice versa, allocate 
significantly more than optimal to the ‘certain’ distribution channel where the supplier does not 
face inventory risk. Moreover, in addition to avoiding risks, subjects aim to avoid losses by 

allocating less inventory to channel H when a buyback contract is in effect (setting C) compared 
to a standard VMI agreement where the supplier also assumes inventory risk (setting A and B). 
Although the expected net profit under both contracts is the same, under a buyback contract the 
supplier may experience losses when the channel has leftovers that need to be bought back. Such 
losses are not experienced under VMI. In other words, based on aggregate data analysis we find 
evidence that risk aversion and loss aversion affect allocation decisions. 

3.4.3. Risk Profiles 

We continue our analysis by exploring how individual risk preferences affect allocation decisions. 
After the experiments we administered an out-of-context questionnaire to measure subjects risk 
appetite (see Appendix M). We use the financial risk subscale of the DOSPERT (Domain-
Specific-Risk-Taking) questionnaire (Blais & Weber 2006). The scale consists of 6 items on risk 
taking and allows responses on a 7 point Likert scale ranging from extremely unlikely to 
extremely likely, i.e., total scores range from 6 to 42 and a higher score implies a stronger 
preference for financial risk. Following Weber et al. (2002), we distinguish three risk profiles in 

which we classify subjects as risk seeking when their score is more than one standard deviation 
above the mean score, as risk averse when their score is more than one standard deviation below 
the mean score and as risk neutral when their score falls in between. 

To better understand the role of risk preference in allocation decisions in Table 3.4 we compare 
for each risk profile the average quantity subjects allocated to channel H across settings. For each 

setting the average !! of risk averse subjects is the lowest and the average !! of risk seeking 
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subjects is the highest. Thus, allocations to the risky distribution channel increase with risk 

appetite consistently across settings. Also, for both risk averse and risk neutral subjects !!! < !!∗ , 

!!! < !!∗ , and !!! < !!∗  (see Table 3.4 for significance levels). However, for risk seeking subjects 

only !!! < !!∗  (! < 0.05). Risk seeking subjects allocate more (although not significantly more) 

than optimal to channel H in setting A and allocate around the optimal amount to channel H in 
setting B. 

 
Average !! per risk profile (!!∗ = 40) 

(standard deviation in parentheses) 

Setting Risk 
seeking 

Risk 
neutral 

Risk 
averse 

A 
43.33 

(11.51) 
36.51**** 

(10.65) 
34.66* 

(10.43) 

B 
39.53 

(8.81) 

36.13**** 

(9.14) 
36.15* 

(8.80) 

C 
33.23** 

(12.29) 

31.83**** 

(9.94) 

30.25*** 

(9.20) 

Table 3.4. Average allocation per risk profile 
* ! < 0.1, ** ! < 0.05, *** ! < 0.01, **** ! < 0.001 

From Table 3.4 we also observe that the differences between !!!, !!! and !!!  vary with risk 

profile: !!! − !!! , !!! − !!!  and !!! − !!!  are larger for risk seeking subjects than for both risk 

neutral and risk averse subjects. For instance, for risk seeking subjects !!! − !!! is 3.8 while for 

risk neutral and risk averse subjects it is 0.38 and -1.49, respectively. Similar patterns are 

observed for !!! − !!!  (10.1 units for risk seekers, 4.68 units for risk neutral subjects and 4.41 

units for risk averse subjects) and !!! − !!!  (6.3 units for risk seekers, 4.3 units for risk neutral 

subjects and 5.9 units for risk averse subjects). 

These observations suggest that allocation effects of a difference in (a) timing of payments and 

(b) type of payments between distribution channels depend on subjects’ risk profiles. Recall that 

the difference between !!! and !!! reflects the timing effect and that the difference between !!! 

and !!!  reflects the type of payment effect. In the next section, we analyze the interaction effect 

between timing/type of payments and subjects’ risk profiles. 

3.4.4. Interaction Risk Appetite with Timing and Type of Payments 

To analyze how allocation effects of timing – and type – of payments depend on one’s risk 
profile, we use a regression model. The random effects linear model (Greene 2003) is used 
because this model controls for any variation between individuals that could affect allocation 
decisions besides the independent variables and control variables. The dependent variable is the 
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allocation made to channel H by subject ! in round ! and is indicated by !!". The independent 

variables represent the effects of timing of payments and type of payments, the degree of risk 
appetite, and the interaction effects between timing of payments and risk appetite and between 
type of payments and risk appetite. We control for the round (per setting) and the sequence in 
which settings are shown. The following regression model is specified (Table 3.5 describes the 
regression variables): 

!!" = !! + !!! + !!! + !!! + !!∗!! ∗ ! + !!∗!! ∗ ! + !!! + !!! + !! + !!" 

The last two terms represent the error components where !! is the between subject error which 

is individual-specific and accounts for differences between individuals and !!" is the within 
subject error accounting for variation within subjects across time. 

Variable Definition Indicator 

Dependent variable 

!!"  
Allocation to channel H made by subject ! in round 

! 
 

Independent variables 

!  Risk appetite score  

!  
Indicator variable for difference in type of 

payments between channels 

1 if yes, 0 

otherwise 

!  
Indicator variable for difference in timing of 

payments between channels 

1 if yes, 0 

otherwise 

! ∗ !  
Interaction effect between risk appetite score and 

difference in type of payments 
 

! ∗ !  
Interaction effect between risk appetite score and 
difference in timing of payments 

 

Control variables 

!  Round, ! = 1, 2,… ,10  

!  Sequence of setting, ! = 0, 1, 2  

Error terms 

!!  Between subject error  

!!"  Within subject error  

Table 3.5. Variables regression model 

Table 3.6 presents the results of the regression model where setting A is the reference setting. It 

can be seen that, besides a significant individual effect of risk appetite and timing of payments 

(! < 0.001), there are significant interaction effects between risk appetite and timing of 

payments (! < 0.001) and between risk appetite and type of payments (! < 0.01). It can also 

be seen that the decision round is significant (! < 0.01), meaning that, with time, subjects 
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allocate more inventory to channel H. Note that the findings of an extended regression model 
that also controls for e.g., demographics and educational background (knowledge) indicates 
similar results with no significant effect of the other control variables included. 

Variable Coefficient Standard 
error !-value 

Intercept 25.51 2.89 0.006 

!  0.51 0.13 0.000 

!  -0.95 1.63 0.562 

!  6.31 1.63 0.000 

! ∗ !  -0.21 0.07 0.005 

! ∗ !  -0.33 0.07 0.000 

!  0.20 0.07 0.003 

!  -0.09 0.24 0.698 

Table 3.6. Results random effect linear model 

The total effect of risk appetite on allocations is 0.51! − 0.33!" − 0.21!". This means that 

!!! increases with 0.51 units per unit increase in risk appetite score. Compared with !!!, !!! (!!! ) 

increases with 0.18 (0.3) units per unit increase in risk appetite score. In other words, subjects 
who have a stronger preference for risk allocate more inventory to channel H consistently across 
settings. However, the magnitude of the effect of risk appetite varies per setting.  

The total effect of the timing of payments depends on the interaction effect between the risk 

appetite score and timing of payments and is 6.31! − 0.33!". Consider, for instance, a subject 

with a risk appetite score of 20 (the average score in our sample). Holding other things constant, 

his !!! is 0.3 units lower (6.31− 0.33 ∗ 20 = −0.29) than his !!!. For subjects with larger risk 

appetite scores !!! reduces further below !!! whereas for subjects with smaller risk appetite 

scores !!! approaches !!! and can even increase above !!!. In other words, on average, subjects 

with a (larger than) average risk appetite exhibit time-discounting behavior whereas subjects with 
a below average appetite for risk may even exhibit prospective accounting.  

The effect of the type of payments depends on the risk appetite score (note that the individual 

effect of type of payments is not significant). Compared with !!!, for every unit increase in risk 

appetite score !!!  decreases with 0.21 units. In other words, in the allocation decision subjects 

with stronger risk appetites are more sensitive to the potential experience of a loss in payments. 

The regression results indicate that subjects with a stronger appetite for risk take more risk in 
inventory allocation and therefore allocate larger quantities to the risky channel H. However, 
subjects with a stronger preference for risk are also more sensitive to (i.e., change their 
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allocations to a greater extent in response to) differences between distribution channels in terms 
of timing or type of payments. This can be explained as follows. When the only difference 
between the distribution channels is the inventory risk, subjects with a stronger risk appetite 
prefer the risky channel H. When the payments from channel L are received earlier, or when 
potential paybacks to channel H have to be made, channel L becomes more attractive, 
motivating subjects to allocate less to channel H. However, subjects with low risk appetite 

allocate more to channel L irrespective of other channel differences, hence, additional channel 
differences are not as motivating to further increase their allocation to channel L. 

3.4.5. Individual Heterogeneity in Ordering Patterns 

In this section, we conduct individual level analysis and group individuals based on their 
allocation patterns. Particularly, we examine heterogeneity between individuals. Ordering 

patterns are classified based on behavioral effects of channel differences in timing and type of 
payments that they reflect. Recall that loss aversion is reflected by an allocation pattern where 

!!! < !!! = !!! , time-discounting by !!! < !!! < !!!  and prospective accounting by !!! < !!! <
!!! .  

Note that these behavioral effects may coexist. For instance, subjects may exhibit loss aversion 
and time-discounting simultaneously. The prevailing behavioral effect is reflected in the observed 
allocation pattern. A coexistence of loss aversion and time-discounting where loss aversion 

dominates may lead to an allocation pattern where !!! < !!! < !!!. Note that under loss aversion 

a simultaneous presence of prospective would not change the order of allocations because the 
loss aversion implication of overweighting losses that may occur in setting C is analogous to 
overweighting the payments that take place after demand realization under prospective 
accounting (i.e., in setting C payments after demand realization are the potential paybacks). 

The frequencies of the observed (combination of) behavioral effects are indicated in Table 3.7. It 
can be seen that differences in timing and type of payments have behavioral effects on allocation 

decisions, they may induce behavior in line with time-discounting or prospective accounting, and 
loss aversion, respectively. Moreover, there is heterogeneity in the behavioral effects that are 
reflected in allocation patterns. Moreover, whereas the allocation pattern of some subjects is in 
line with one specific behavioral effect, different behavioral effects usually coexist. 

Looking at the effect of timing of payments, it can be seen that 65% of the subjects show an 
allocation pattern in line with a form of mental accounting (i.e., time-discounting or prospective 
accounting). However, there is variation in the effect of timing as different forms of mental 
accounting apply. About 37.5% of the allocation patterns are in line with time-discounting and 
27.5% is in line with prospective accounting. Moreover, 80% of the subjects who make 
allocations in line with time-discounting typically also show loss aversion in their allocations 
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(30% of all subjects). On the contrary, 83% of the subjects who do not exhibit mental 
accounting neither exhibit loss aversion (29.17% of all subjects). If we conduct a similar analysis 
by splitting the findings for individuals with different risk profiles we obtain a similar pattern. 
This indicates the robustness of these results to risk appetite. 

  Effect of payment type 
Total 

  Loss 
aversion 

No loss 
aversion 

Effect of 

timing of 

payments 

Time-discounting 
36 

(30%) 
9 

(7.5%) 
45 

(37.5%) 

None 
7 

(5.83%) 
35 

(29.17%) 
42 

(35%) 

Prospective accounting* 
33 

(27.5%) 

33 

(27.5%) 

 Total** 
43 

(49.43%) 
44 

(50.57%) 
 

Table 3.7. Frequency of observed (combinations of) behavioral effects with percentages in brackets 
* The presence of loss aversion cannot be assessed because loss aversion effects in setting C work in the 
same direction as prospective accounting effects 
** Of the subjects who do not exhibit prospective accounting 

3.5. Discussion and Conclusions 

In this chapter we examine how people make inventory allocation decisions and what behavioral 
effects influence this decision beyond rational profitability concerns. In our inventory allocation 
task subjects have to divide limited inventory between two distribution channels. We find that 
differences between these distribution channels in terms of inventory risk, timing of payments or 
type of payments affect allocation decisions. Overall, risk aversion induces subjects to allocate 

significantly less than the optimal amount to the high value channel, where the suppliers bear the 
inventory risk. However, our experimental results suggest that the role of risk appetite in 
allocation decisions stretches beyond a direct effect as it also relates to how the timing of 
payments or the possibility of experiencing losses affects allocation decisions. On average, a 
stronger appetite for risk induces allocations that suggests that subjects discount payments in 
time whereas a lower risk appetite induces allocations that suggests subjects underweight 
payments that take place earlier in time. Moreover, we find that at the individual level behavioral 
effects usually coexist. Subjects who make allocations in line with time-discounting typically also 

show loss aversion in their allocation. On the other hand, allocations which cannot be explained 
by mental accounting generally do not indicate loss aversion either.  

The role of risk appetite, loss aversion, and mental accounting in allocation decisions has 

practical implications that apply not only to planning contexts where inventory is allocated. One 
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could also think of, for instance, production planning contexts where excess capacity has to be 
allocated to the production of a high value or low value product. A managerial implication of the 
findings in this study is that the quality of allocation decisions could be improved by considering 
the effect of the timing of payments and the type of payments in the information provision to 
decision-makers. In particular, this study found that allocation decisions are closer to the profit-
maximizing optimum when payments from all channels take place after demand realization and 
when losses in payments are not specified separately but incorporated in the gains received.  

This chapter has research limitations. The laboratory experiments that were used to examine 

which behavioral effects influence inventory allocation decisions provide high internal validity 
but limited external validity. Because the setting that subjects face in the laboratory is controlled, 
we can be reasonably confident that the treatment factors induce the observed behavior (Eckerd 
2016). However, the same control puts limitations on the transferability of the findings to real 
world settings (Eckerd 2016). One avenue for future research would, therefore, be to study 
allocation decisions in practice to identify the role of behavioral effects on allocations in real life. 
Additionally, the experiments in this study are conducted by students. Student samples are 
typically used in behavioral laboratory experiments (Bendoly et al. 2006; Siemsen 2011). 

Observations of behavioral biases exhibited by students are considered adequate to inform 
understanding of biases exhibited by practitioners (Bolton et al. 2012). Bolton et al. (2012) 
demonstrate this by showing that students and practitioners exhibit the same pull-to-center 
effect in a simple newsvendor decision. However, they also show that the magnitude of the 
effect may be different for practitioners and students. Therefore, to assess the magnitude of 
behavioral effects in practice, practitioner subjects should be used. As such, while the findings of 
this chapter imply that the effects of timing of payments and type of payments on allocations 
observed among students may be expected pay a role in the allocation decisions of practitioners 

as well, future research including practitioner subjects should test the magnitude of the 
behavioral effects. 

This chapter offers several avenues for further research. First, we focused on the role of risk 

aversion, loss aversion and mental accounting in allocation decisions. There are other behavioral 
factors that may play a role. For instance, it is known that fairness concerns play an important 
role in human decision-making. In the context of supply chain contract design, Ho et al. (2014) 
find that the buyers in a one supplier and two buyers setting care about fairness of the contract 
design decisions. In the context of allocation decisions, it would be interesting to explore fairness 
concerns of suppliers and how they affect allocation decisions. Relatedly, it would be interesting 
to study how subjects make allocations when there are real buyers receiving the inventory during 
the experiment, rather than buyers that only exist on the computer as in this experiment, and 
examine the role of fairness concerns in this regard.		
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Operational Decisions: Behavioral Insights 
From Transport Planning4 

Abstract 

Purpose – This chapter develops propositions explaining the influence of individual goals (e.g. 
minimizing effort, maximizing output) and social preferences (e.g. reciprocity, group identity) on 
human decision-making in transport planning. The aim is to understand which individual goals 
and social preferences planners pursue and how these influence planners’ decisions. 

Design/methodology/approach – Propositions are developed based on investigation of 
decision-making of transport planners in a Dutch Logistics Service Provider using multiple data 
collection methods. 

Findings – The chapter shows how decision-making of transport planners is motivated by 
individual goals as well as social preferences for reciprocity and group identity. 

Research limitations/implications – Further research including transaction data analysis is 
needed to triangulate findings and to strengthen conclusions. Propositions are developed, to be 
tested in future research. 

Practical implications – Results suggest that efforts to guide planners in their decision-making 
should go beyond traditional (monetary) incentives and consider their individual goals and social 
preferences. Moreover, this chapter provides insight into why transport planners deviate from 
desired behavior.  

Originality/value – While individual decision-making plays an essential role in operational 
planning, the factors influencing how individuals make operational planning decisions are not 
fully understood.  

Keywords – Decision-making, transport planning, behavioral operations, social preferences 

Article classification – Research paper  
 

4 The contents of this chapter are based on the paper Individual goals and social preferences in operational decisions: Behavioral 
insights from transport planning by Hofstra, Dullaert, de Leeuw, et al. (2018), published in International Journal of Operations 
& Production Management. 
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4.1. Introduction 

Humans play an important role in operational planning tasks such as production planning or 
transport planning (McKay & Wiers 2006; Stefansson & Hagen 2013). Although some aspects of 

planning tasks may be automated (e.g. through the use of planning software), the complexity of 
planning activities and related uncertainty requires human input to respond to events (Sanderson 
1989). Human judgment and decision-making is required when, for instance, there is missing 
information, particular information is available to planners only (e.g. knowledge about certain 
future events), or there are sudden changes in actual conditions (McKay & Wiers 2006; 
Morikawa & Takahashi 2007). As such, human decision-making plays an essential role in 
operational planning activities. 

The importance of the human factor in planning is widely acknowledged (Fransoo et al. 2011; 
McKay & Wiers 2006). Research has focused extensively on the development and improvement 
of software tools and mathematics therein to generate optimal plans (e.g. production plans, 
transport plans) (McKay & Wiers 2006). Traditionally, such tools and techniques developed in 

Operations Management (OM) implicitly assume that human decision-makers rationally optimize 
their behavior towards a single (usually monetary) goal (Tokar 2010). However, experimental 
findings on decision-making show a discrepancy between behaviors predicted by OM models 
and actual behaviors of real decision-makers (Bendoly et al. 2006; Gino & Pisano 2008; Croson 
et al. 2013). Relatedly, research on the human role in planning is increasing (Fransoo et al. 2011; 
McKay & Wiers 2006). Researchers have considered different planning contexts such as 
production planning (recently e.g. Bendul and Knollman, 2016; Larco et al., 2013; Letmathe and 
Zielinski, 2016) and transport planning (Li et al. 2012; Mesa-Arango & Ukkusuri 2014).  

Studies that focus on planner decision-making have typically been investigating humans’ 
cognitive processes associated with planning decisions. For example, studies have been exploring 
what happens when planners face increasingly complex decision problems (Fransoo & Wiers 

2006), how planners organize their time (Larco et al. 2013), or planners’ task performance under 
different software interfaces (Cegarra et al. 2012). In addition to these cognitive factors that 
affect planner decision-making, there are ‘softer’ behavioral factors such as individual goals and 
social preferences (also referred to as social goals), and cultural norms which are known to affect 
decision-making in operations (Loch & Wu 2008). Research in (social) psychology and 
economics has shown that humans pursue individual goals other than monetary ones and have 
social preferences, which results in non-rational decision-making (e.g. Kahneman and Tversky, 
1979; Kenrick et al., 2002). Yet, so far, research has not taken a social perspective to study human 

planning decisions. Understanding social aspects, besides cognitive aspects, is important for the 
development of efficient planning processes that incorporate human capabilities (MacCarthy et 
al. 2001).  
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In order to address this literature gap and contribute to theory, this chapter specifically aims to 
explore the effect of individual goals and social preferences on operational planning decisions. 
This chapter focuses on transport planning, which entails arranging transportation services to 
move shipments between origins and destinations (Stefansson & Hagen 2013). From a 

theoretical perspective, this type of planning is interesting to study for the following reasons. 
Given the competitive nature of the transport sector with transport generally being perceived as 
a commodity service that customers can easily source elsewhere, planning decisions typically 
have to be made under time pressure. Moreover, at Logistics Service Providers (LSPs) the intra-
firm relationships between planners are long-term, reciprocal and involve repeated interactions. 
Such a context evokes individual and social goals that planners pursue which may cause friction 
with the company’s goals. Therefore, in this chapter the aim is to identify what individual and 
social goals are pursued in this setting and how they affect subsequent planning choices. Thus, 
the research question is formulated as follows: 

What individual goals and social preferences do operational planners pursue and 
how do these influence planning decisions? 

Propositions are developed based on an embedded case study that describes the individual goals 
and social preferences that influence the decision-making of transport planners. From a 
theoretical standpoint, while research in the field of Behavioral Operations Management (BOM) 

is increasing, this chapter is believed to be the first study to investigate individual goals and social 
preferences in a planning context. This chapter aims to increase understanding of the human 
factor in planning by complementing cognitive insights in human planning decisions with social 
insights. As the influence of social preferences on behavior has been rarely studied in operations 
settings (Urda & Loch 2013; Donohue & Siemsen 2011), this chapter furthermore enhances 
existing literature on the effect of social preferences on behavior in the field of OM. The 
propositions developed in this chapter not only provide an empirical basis for future research 
but also aim to provide practical contributions. Survey results by Lieb (2008) indicate that LSPs 

identified Human Resources Management as a challenge. This paper analyses the factors 
influencing decision-making by planners and also explains why planners deviate from expected 
or prescribed behavior. By studying what motivates planners to make certain decisions, this 
chapter seeks to generate knowledge that will help managers better design their planning policies 
and procedures. 

The remainder of the paper is organized as follows. A review of relevant literature is performed 
in section 2. The research design is explained in section 3. Findings of the analysis are presented 
in section 4. The results are discussed in section 5 and conclusions are provided in section 6. 
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4.2. Literature Review 

This chapter focuses on the role of human behavior in planning decision-making. Studies on 
decision-making in OM often conceptualize decision-makers as rational agents (Gino & Pisano 

2008). They build on neoclassical economic theory (Loch & Wu 2007) assuming decision-makers 
are motivated by self-interest, behave consciously and deliberately and optimize a specified 
objective function (Donohue & Siemsen 2011). As such, human behavior is modeled in a way 
that optimizes the individual goals which humans pursue (Croson et al. 2013). 

However, it has been acknowledged that humans have cognitive limitations and pursue goals 
other than maximizing profit, resulting in decisions that deviate from rational choice (Bendoly et 
al. 2006; Gino & Pisano 2008; Croson et al. 2013). In response thereto, the field of Behavioral 
Operations Management (BOM) emerged. BOM is defined as ”the study of human behavior and 
cognition and their impacts on operating systems and processes” (Gino & Pisano 2008, p.679), 
and it asserts that behavioral factors may influence decision-making. Two important research 
domains that enrich knowledge and understanding in BOM are Cognitive Psychology and Social 

Psychology (Bendoly et al. 2010; Gino & Pisano 2008). In the following, concepts from these 
domains that are acknowledged to be important in OM settings are reviewed and relevant studies 
in the field of OM incorporating these concepts are briefly discussed. Given the focus of this 
chapter, particular attention is given to concepts from the domain of Social Psychology. For 
comprehensive reviews on BOM research, the interested reader is referred to e.g. Bendoly et al. 
(2010), Croson et al. (2013). A recent review of behavioral research in the related field of supply 
chain management can be found in Schorsch et al. (2017). 

4.2.1. Bounded Rationality of Human Decision-makers 

It has been acknowledged that humans have cognitive limitations, resulting in decisions that 
deviate from rational choice (Bendoly et al. 2006; Gino & Pisano 2008). This is the domain of 
Cognitive Psychology, which concerns the study of mental models underlying human decision-
making including the presence of decision-making biases and the use of heuristics in decision-
making stemming from humans’ cognitive limitations. Bounded rationality is the understanding 
that humans are limited in their ability to make decisions because their rationality is bounded by 

the amount of knowledge they have, their capacity to evaluate (consequences of) alternatives and 
their ability to cope with uncertainty (Simon 2000). Several heuristics (rules of thumb used to 
cope with the information available for decision-making) and biases (systematic errors in 
decision-making) have been identified in the literature. Examples are the anchoring and 
adjustment heuristic (Tversky & Kahneman 1974), the framing effect (Tversky & Kahneman 
1981), and overconfidence (Brenner et al. 1996). See e.g. Bendoly et al. (2010) and Gino and 
Pisano (2008) for extensive discussions on heuristics and biases that are relevant for OM 
research. 
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In the context of decision-making with regard to planning, researchers observed that, although 
decision support tools have evolved with (the complexity of) practical planning tasks, these tools 
have only been used to a limited extent and that planners often use their own tools such as Excel 
sheets on the side (Fransoo et al. 2011). Subsequently, a vast amount of research efforts have 

been undertaken to study human behavior in planning and scheduling. These studies foremost 
explore the cognitive task of planning and scheduling (see e.g., a review by McKay and Wiers 
(2006) or the textbook by Fransoo et al. (2011)). Generally, the focus is on production/industry 
planning. Various textbooks have been published on this topic (e.g., Bendoly et al. 2015; Ruiz 
2015; Fransoo et al. 2011; Herrmann 2006; MacCarthy & Wilson 2003). Recent field studies 
differ from prior work on planning and scheduling by taking a process perspective to learn about 
planner behavior in practice rather than taking a prescriptive approach and (mathematically) 
determining and describing how planners should behave (Fransoo & Wiers 2006). For example, 

Wiers (1996) found differences in decision behavior between production schedulers who 
perform the same decision task. Fransoo and Wiers (2006) observed that when planners face 
increased problem complexity, they increase the variety of actions that they take. De Snoo et al. 
(2011) describe the benefits of having schedulers work in proximity to operations functions. 
Larco et al. (2013) illustrate the ad-hoc manner in which planners organize their time. Hoc et al. 
(2014) highlight the value of having scheduling expertise in a timetabling task. Letmathe and 
Zielinski (2016) show that feedback does not necessarily improve planner performance and that 
planners process feedback differently based on the type of feedback provided. The interested 

reader is referred to MacCarthy and Wilson (2003) who describe the development of the 
research domain and provide a framework to study human performance in industrial scheduling. 
Other reviews on work in this domain are provided by Crawford et al. (1999) and Crawford and 
Wiers (2001). 

4.2.2. The Role of Individual Goals in Motivating Decisions 

Next to Cognitive Psychology the understanding of BOM is furthermore enhanced via the 

domain of Social Psychology. This domain focuses on the study of humans’ social behavior, 
which includes how individuals relate to one another (Aronson et al. 2004) and how emotions 
(Loch & Wu 2007) and motivation may induce behavior (Bendoly et al. 2010; Bendoly et al. 
2015). As a consequence, it is assumed that behavior results from feeling an urge to do 
something, i.e. a motivation to act. The topic of human motivation is central in psychological 
research and researchers have proposed various theories to increase understanding of what 
drives motivation of individuals in organizational settings (Kanfer 1990). One approach to 
human motivation is goal-setting theory. The theory asserts that conscious human behavior is 

regulated by one’s goals or objectives (Locke & Latham 2006). Goals influence behavior by 
directing one’s attention to the goal, mobilizing effort to be put in attaining the goal, and 
encouraging persistence so that actions are focused on achieving the goal (Locke & Latham 
2006).  
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It has been acknowledged that humans may deviate from normative OM models because they 
pursue different goals. For instance, humans are risk seeking when choices involve losses 
whereas they are risk averse when choices involve gains (Kahneman & Tversky 1979). Therefore, 
it would be unrealistic to perceive humans as risk neutral decision-makers. Furthermore, humans 
avoid feelings of regret that may arise if, in hindsight, it turns out that another choice would have 
been preferable (Connolly & Zeelenberg 2002). Furthermore, human decision-making involves a 

trade-off between decision quality and the amount of effort required (Beach & Mitchell 1978; 
Payne 1982). It has been suggested that the willingness to minimize effort is stronger than the 
willingness to minimize errors in decision-making (Russo and Dosher in Payne, 1982). Since this 
can be detrimental to the quality of the decision, the benefits of correct decisions are evaluated 
against the cost of making that decision, usually effort and time required (Beach & Mitchell 
1978). The role of individual goals in decision-making remains central (Bendoly et al. 2010; 
Locke & Latham 2006) although people may deviate from rational choice e.g. by having limited 
cognitive abilities and bounded willpower (Kahneman et al. 1982). Therefore, analyzing the 

individual goals planners pursue and how these goals influence planner decision-making are 
central to this chapter. 

4.2.3. The Role of Social Preferences in Motivating Decisions 

Decision-makers not only pursue individual goals but also have social preferences (Fehr & 
Fischbacher 2002). Research in different areas has shown that social preferences, such as status-

seeking, the preference for reciprocity, or the desire to identify with peers are pursued as ends in 
themselves (Huberman et al. 2004; Loch & Wu 2008; Fehr & Fischbacher 2003). The question 
of why humans interact with one another in a way that requires non-self-interested behavior is 
fundamental in the social sciences (Fiske 2002). Human behavior in groups traces back to 
ancestral humans. The social preferences humans pursue today are part of the human mind and 
emanate from the social issues our ancestral humans faced in social life (Kenrick et al. 2002). The 
social preferences are pursued to satisfy basic psychological needs. 

Various social preferences are identified in the literature. For instance, when acting in groups 
humans have a social preference for reciprocity. Reciprocity entails helping someone at a 
personal cost because one expects that the favor will be returned in the future (Trivers 1971; 
Loch et al. 2006; Fehr & Fischbacher 2003). Upon receiving help, one may have feelings of 

thankfulness toward the helping person, which may generate an intrinsic motivation to return the 
favor (Fehr & Fischbacher 2003), even without expecting that favor being returned in the future 
(Trivers 1971). Acting in groups may lead to feelings of group identity among group members. 
Group identity refers to an individual’s identification with a group (Loch et al. 2006). One’s 
desire to belong to a group traces back to ancestral humans who benefited from being part of a 
group (e.g. protection), making it essential, in terms of survival, to be part of a group (Kenrick et 
al. 2002). Therefore, it is important to maintain (good) relationships with group members, e.g. by 
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acting out of group interest (Loch et al. 2006) and according to group norms (Chen 2009). It has 
been shown that shared attitudes and norms can affect group members’ decisions (Ellway 2016). 
Humans may furthermore have a social preference for status. Status indicates an individual’s 
position within a social hierarchy and is based on the value other group members attach to that 

individual (Pettit et al. 2010). Social hierarchies are formed to solve competition without 
resorting to physical violence (Urda & Loch 2013; Pettit et al. 2010). Status is pursued ‘rationally’ 
as it helps the individual obtain resources but people also pursue status as an end in itself (Loch 
& Wu 2008; Pettit et al. 2010) and this may cause unproductive competition (Huberman et al. 
2004).  

The study of social preferences has gained attention in OM research only recently (Urda & Loch 
2013). Examples are Liu et al. (2016) who studied the preference for fairness in a newsvendor 
setting. Katok and Pavlov (2013) found that the preference for fairness is an important factor 
explaining retailer behavior in negotiation breakdowns. Urda and Loch (2013) explore how social 
preferences trigger emotions, which in turn motivate human behavior. Whereas most empirical 
studies on production planners and schedulers focus on planners’ cognitive contributions to the 

planning and scheduling task, Jackson et al. (2004) have described how social aspects can also 
affect schedulers’ performance in production planning. Their findings indicate that schedulers 
use social relationships during their work. The utility of these relations depends upon the respect 
that the scheduler receives from others, the trust others have in the judgment of the scheduler, 
whether friendships exist between the schedulers, and whether favors are exchanged. Because of 
the importance of social preferences in decision-making and its limited attention in operations 
settings, social preferences that planners pursue and how these preferences influence decision-
making are a core focal point of this chapter.  

4.3. Research Method 

4.3.1. Case Research 

The aim of this chapter is to gain an understanding of planner decision-making, and in particular 
what individual goals and social preferences planners pursue and how they influence the decision 

process. Hence, at the start of the study it was decided that the unit of analysis is the individual 
planner. An embedded case study research design is employed to achieve this chapter’s 
objectives. Aside from the fact that this is a commonly used method to study individual decision-
making in planning environments (McKay & Wiers 2006) this approach is considered suitable 
for several other reasons. First, to the best of the researchers’ knowledge the social perspective 
has not yet been considered in studying planning tasks. It is unclear if and how individual goals 
and social preferences such as those identified in social psychological research also apply to 
planning decisions. Inductive approaches fit situations where there is lack of clarity about the 

applicability of existing knowledge to another setting (Eisenhardt & Graebner 2007) and where 
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variables, as well as linkages between them, need to be identified and explained (Yin 2009). 
Second, to explore the role of goals and preferences in planning decisions, it is important to 
capture planners’ perceptions and understanding in their natural environment (i.e. work context). 
Case study research enables the investigation of a phenomenon in its real-life context while 
retaining the meanings held by subjects (Gephart 2004). Third, case research is particularly 
suitable for exploratory settings that focus on ‘how’ questions (Yin 2009). In sum, the case 

research method is used because it permits the study of a complex phenomenon in the field 
using observations, interviews, and other data sources to develop a more profound 
understanding of individual behavior in planning decisions.  

4.3.2. Research Context and Sample 

Purposeful sampling was used to select the company where planners are interviewed and 

observed. This selection process is used in qualitative research to deliberately choose participants 
because of their potential to provide information related to the research question (Maxwell 
2013). The operational planning context considered in this chapter is transport planning. 
Transport planning entails arranging transportation services to move shipments between origins 
and destinations (Stefansson & Hagen 2013). Transport planning is selected not only because 
transport costs make up a large part of the total logistics costs of firms (approximately 50 to 60% 
in 2014 (Kille et al. 2015; Wilson 2016)), but also because it is a theoretically interesting context 
to study for the following reasons. The competitive nature of the transport sector necessitates 

planners to make decisions quickly. Transport is generally perceived as a commodity service that 
can easily be sourced elsewhere, hence, planners often have to react instantaneously to transport 
requests from customers as they may otherwise run the risk that the shipment will be accepted 
by a competitor. Thus, planners often do not have time to rationally evaluate all choice options 
available to them. Particularly, social aspects play an important role in this planning context. At 
Logistics Service Providers (LSPs) planners have long-term, reciprocal relationships with other 
planners within the firm and interact repeatedly. These factors evoke individual and social goals 
that planners pursue which may cause friction with the company’s goals. Therefore, in this 

chapter the aim is to identify what individual and social goals are pursued in transport planning 
and how they affect subsequent planning choices.  

This chapter examines transport planners that work at one of the largest family-owned LSPs in 

the Netherlands, which is hereafter referenced as MoveEx. In the following, the company and 
unit of analysis are described first. To investigate the role of individual goals and social 
preferences in planning decisions, this chapter focuses on a specific decision that planners have 
to make that involves fellow planners. This decision is referred to as internal forwarding and is 
described next. Thereafter the research process is laid out in detail.  
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The key service provided by MoveEx is the arrangement of goods transport (with a special focus 
on dangerous goods) via road, rail, sea, air or an intermodal combination of these, mainly across 
Europe. The LSP also offers freight forwarding services, express services and warehousing 
services for a variety of goods, including FMCG, dangerous goods and refrigerated goods. 

Finally, MoveEx provides value-added services such as (re) packaging, assembly, invoicing, order 
management, and customs formalities. 

The unit of analysis in this chapter is the individual decision-maker, the transport planner. 

Transport planners arrange transportation services to fulfill freight transportation requests from 
various customers. MoveEx does not own transportation assets and thus purchases required 
capacity from carriers. As only 10 per cent of necessary transportation capacity is covered by 
long-term contracts (mainly with shipping and railroad companies), transport planners need to 
purchase the majority share of capacity on the spot market on a daily basis. 

The focus in this chapter is on internal forwarding decisions that transport planners have to 
make. In MoveEx, the planning department consists of Business Units (BUs) that each organizes 
transport for a specific country or region. Planners work in specific BUs. Management wants 
planners to forward transport requests to the BU that organizes transport for the specific 
country (i.e. wants planners to forward internally). For instance, a request for transport of a 
container from the Netherlands to Spain should be forwarded to the BU Spain. The reason for 

this requirement is that sending freight transport requests to the designated BUs (forwarding 
internally) increases their freight volumes and provides opportunities for consolidation. 
Consolidation can lead to better vehicle capacity utilization (compared with transporting lower 
freight volumes), a more profitable bundling of transport requests forwarded to carriers and, 
ultimately, cost savings for the firm as a whole (Ülkü 2009).  

Nevertheless, management indicated that in practice MoveEx planners do not always forward 
internally. The aim was to study the decision-making process of the transport planner and to 
explore individual reasoning to forward internally – or not to do so. The study in this chapter 
differs from work on (horizontal) collaboration in transportation (Buijs & Wortmann 2014; Buijs 
et al. 2016). Prior work mainly studies the process of collaboration but does not explore the role 
of individual transport planner behavior in decision-making. 

To better understand the internal forwarding decision, several informal conversations with 
managers and a formal discussion meeting with planners about internal forwarding took place. 

Results indicated that planners have different attitudes pertaining to internal forwarding. Insights 
obtained from these results enabled development of the research instruments (see section 3.3) to 
collect data from planners to understand their internal forwarding decisions. In total, 13 planners 
were interviewed, six of whom were observed prior to being interviewed. The observations were 
important as they enabled social interactions and seeing what planners actually do, which helped 
to better understand the (social) context and dynamics therein (Meredith 1998). The sample 
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consists of a variety of planners differing in terms of age, tenure on the job (0,7 up to 21 years), 
total years of work experience in logistics (0,7 years through close to 40 years), BU they work for, 
and location at which they work. 

4.3.3. Data Sources and Research Instruments 

Multiple data sources were used to improve data reliability, to triangulate findings (Voss et al. 
2002) and to gain a rich understanding of the context being studied. Data was gathered using 
interviews, observations, informal conversations and company documents. To enhance data 
validity and reliability detailed interview protocols were used (Appendix N) as research 
instrument (Yin 2009). Below, details are provided on each data source and the data instruments 
used and Table 1 provides a summary of the collected data. 

Interviews. In total, 13 in-depth, structured interviews were held with transport planners in order 
to gain an understanding of why planners take certain decisions. A detailed interview protocol 
was used. The protocol utilized broader, more general, open-ended questions related to transport 
planning and internal forwarding rather than questions directly related to individual goals and 

social preferences. For instance, planners were asked what they think internal forwarding entails, 
how they deal with this during their work, when and why planners choose to forward internally, 
and what they think about internal forwarding. The use of these broader questions was 
important to retain the exploratory nature of the study in this chapter (i.e. observing and asking 
questions about what is going on). To gain a more in-depth understanding of the factors that 
influence internal forwarding decisions follow-up questions were asked and planners were 
prompted to give practical examples. To improve credibility of the data, interviewees were asked 
for confirmation on correctness of researchers’ interpretation. The interviews were recorded and 
transcribed. 

Additionally, to provide additional contextual insight (on e.g. procedures, working methods, 
what policies regarding internal forwarding are applied and why), three in-depth semi-structured 

group interviews were done with business unit managers (BU managers) and senior managers 
both before and amidst the structured interviews. This set-up enabled discussion among multiple 
interviewees, which proved valuable to gain an understanding of company goals, procedures 
regarding internal forwarding and different perspectives on why (or why not) to pursue internal 
forwarding. The analysis of these group interviews was discussed with some individual group 
interview members to verify interpretations and to seek clarifications. This improved the validity 
of the findings. These interviews were also recorded and transcribed.  

Observations. Six planners were observed for approximately two hours each prior to the 
interviews, using observation protocols. A protocol was also used prior to the observations to 
describe the work setting (e.g. what does the room look like, how many people work there). The 

protocol used during the observations allowed for making notes and tracking of what the 
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planner did. Directly after the observations, a protocol was used to structure observer thoughts 
and impressions on, for example, the working method of the planner (e.g. quick, intuitive, 
independent, multi-tasking) and the working space (e.g. noisy or quiet, tidy or messy). These 
observations led to increased insight into what planners did and how they did it. This method 
was designed to complement the asking of ‘why’ questions during the interviews. 

Company documents, site visits, and informal conversations. Company documents on job descriptions, 
(work) manuals and performance evaluation sheets were studied. Additionally, various site visits 

and informal conversations with planners, BU managers and senior managers took place to 
further increase understanding of the research context.	

Data source Specifications Insight 

Structured, in-depth 

interviews with 
planners  

* 13 interviews with planners 

* Detailed interview protocol 
* Recorded and transcribed afterwards  

Reasons to forward internally 

Semi-structured in-

depth interviews with 

BU managers and 
senior management 

* 3 interviews with managers 

* Semi-structured interview protocol 

* Recorded and transcribed afterwards 

* Analysis verified with interviewees and 
follow-up questions asked after interviews 

Company goals and strategy, 

policies and procedures, work 
methods  

Observations 

* 6 planners 

* Approx. 2 hours prior to the interviews 
* Detailed observation protocol 

Planner work methods 

Company documents 

* Task descriptions 

* Work manuals 

* Performance evaluation sheets 

Tasks of planners, daily jobs, 

procedures, aspects related to 
decision-making 

Other 
* Site visits 

* Informal discussions 

Company goals, policies and 

procedures, work setting and 

atmosphere, planners tasks 

Table 4.1. Schematic overview of data sources used 

4.3.4. Data Analysis 

Atlas software was used to code and analyses the interview transcripts. As suggested by Miles 
and Huberman (1994) data needs to be organized into categories in order to make it manageable. 
Accordingly, a three-step coding process was used, as suggested by Corbin and Strauss (1990). In 
the first round (open coding) descriptive codes were assigned to pieces of text. These codes are 
the reasons why planners would (not) forward internally. These reasons have been explicitly 

investigated in the interviews. Examples of these codes are ‘meeting customer service objectives’, 
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‘limited time available’, ‘loyalty to the company’, and ‘doing someone a favor’. Codes were 
furthermore developed to characterize the work context and thereby to better understand the 
context of the reasons for forwarding internally. For example, limited time available is important 
because of work pressure experienced by the planners. Planners therefore often need to make 
decisions very quickly.  

In the second round (axial coding), descriptive codes were analyzed and interpreted to group 
them into higher-level concepts (i.e. the individual goals and social preferences). To this end, the 
coded interview data was compared with concepts identified in the literature to analyses which 

underlying goals and preferences may explain the reasoning used by planners in their decision-
making. For example, a planner explained that he thought it is normal to forward internally. This 
is part of the code ‘group norm’ because literature shows that confirming to group norms may 
occur when people feel part of a group (Chen 2009). Furthermore, during the analysis of the 
interviews remarks from which it became clear that the planner feels (s)he is part of the firm, 
which may contribute to his/her motivation to forward internally, were coded with ‘group 
interest’. Attention was also given to whether a planner talks about ‘we’/’us’ rather than ‘I’. Such 
data was grouped under the higher-level concept ‘group identity’. Other quotes were analyzed in 
a similar way.  

In the third round (selective coding), codes were further detailed. Based on the resulting coding 
scheme the data was analyzed for patterns, similarities and differences (Voss et al. 2002). For 

each higher-level concept, the arguments used by planners in their decision-making were 
compared and analyzed, and propositions were developed. Table 2 contains sample quotes that 
illustrate ‘group interest’ and ‘ group norm’ as reasons to forward internally to illustrate the 
grouping of quotes and associated codes. Both are grouped under the social preference ‘group 
identity’. 

To assess the reliability of the results of the coding process, the reproducibility of the coding 
results is evaluated. This implies “…evaluating whether a coding instrument, serving as common 
instructions to different observers of the same set of phenomena, yields the same data within a 
tolerable margin of error.” (Hayes and Krippendorff, 2007, p. 78). Therefore, the level of 
agreement among different researchers is assessed. The first researcher conducted the full coding 
process as described above. Then, two other researchers individually coded the pieces of text 

that contained possible reasons (not) to forward internally by indicating what reason – if any – 
they inferred from the quotes using the coding scheme developed by the first researcher. To 
determine reliability, Krippendorff’s ! is computed, because it can handle the nominal data 
(codes) that are compared across coders (researchers), it can be used to compare codes of more 

than two coders, and is more reliable than other measures such as Fleiss ! (see Krippendorff 
(2004) for a comparison of reliability measures). The results indicate that ! = 0.7011, which is 

above the minimum level of agreement required (Krippendorff 2004). 
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Quote Code Higher level concept 

“We have different Business Units within the firm. […] And 

we try to bundle freight within the firm. It is very easy for a 

branch of us in Amsterdam to book transport to France at a 

competitor. But in order to generate the volume, to make 

something of your service, we need to plan everything at a 

central point. […] So it is important that [internal 
forwarding] happens.” Group interest 

Group identity 

“You have to make sure products go from A to B. How 

[products are transported] has to be determined by the 

[responsible] planner. That’s his job, he knows more about it 

and can make a cheaper plan. That’s the good thing about 
internal forwarding.” 

 “I entered an organization where it is usual to first look 

internally [to see whether you can forward the shipment to 

another BU] and to look externally [plan it yourself] only 

when there are no possibilities [to forward the transport 
request to another BU].” Norm 

“How I perceive it is that you need to involve your 

colleagues [in planning]. They are specialized in it and they 

are good at it. This is what their daily job is. So we give them 
the shipment.” 

Table 4.2. Coding example with exemplary quotes for the social goal of group identity 

4.4. Findings 

In this section, the chapter’s findings are presented by discussing reasons why planners would 
(not) forward internally. As considered good practice in qualitative research (Yin 2009), an 
explanation for planner decision-making is supported by illustrative, representative quotes from 

interviewees. In section 5, these results are related to theory in order to identify the individual 
goals and social preferences that may serve as motivational mechanisms underlying the reasons 
discussed here. Related propositions are formulated. 

4.4.1. Effort Minimization 

This chapter finds that internal forwarding is often a decision that saves time and effort. Various 
planners explained that time and effort savings are a reason for them to forward internally. As 

became clear during observations, transport planners work under high pressure in a workspace 
that is, at times, noisy and busy. Planners have their own desk with a computer and telephone; 
and most desks also hold stacks of papers. Phones ring constantly and planners are continually 
talking with each other and on the move. Planners also receive numerous email messages and 
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phone calls to which they must respond immediately. They must also field questions from 
colleagues, insert orders and transport plans into the IT system, print orders and invoices, et 
cetera. It was observed that planners need to multitask (e.g. read an e-mail while answering a 
phone call) and often make decisions based on intuition (e.g. not doing specific calculations but 
making a rough estimate). As a result, planners are under constant pressure to work fast and 
efficiently: they have little time to take decisions. This work pressure is illustrated by the 
following quote from a BU manager: 

“You have to switch quickly. […] We also explain this to the planners, who 

provide transport rates [to (potential) clients]: do not think too long, don’t search, 
don’t puzzle over things. Be quick and make sure you are the specialist. […] Do 
not spend hours on it because then you lose €50 margin on the assignment 
[because the client already went to another service provider].” 

Working in such an environment can be stressful, as is explained by another BU manager’s 
comment: 

“Planning is highly stressful. People ask you for information all the time: clients, 
carriers, drivers, someone at the counter in the office. Often, it is very busy. You 
have many e-mails to respond to.” 

The planners at the different BUs are considered to be specialists with up-to-date knowledge of 
the market and economic conditions, and a wide network of contacts with carriers and other 
LSPs. Therefore, they are assumed to need little time and effort to make the best (most cost-
efficient) transportation plans. The following quote by a BU manager illustrates this: 

“For instance, you have a planner who serves Ireland, let’s say for the sake of 
argument, who has to pre-haul a shipment from Spain and doesn’t know exactly 
who to call. He may know some carriers from Spain; but it is well-known that his 
colleague from Spain can always find the best way [to transport the shipment]. 
[…] Incidentally, in the winter, when there are a lot of trucks, the Ireland planner 
could easily find a cheap solution [to transport the shipment]; but during the 

summer he will struggle, and he knows that. At the same time, the specialist can 
provide that service the whole year round.” 

To summarize, various planners view forwarding internally as an effort-saving choice. In order to 

cope with the intense workload and time pressure that they typically face planners need to make 
decisions quickly with minimum effort. Not forwarding internally typically requires more effort 
and time as planners need to arrange transport for an area that is not within the planner’s area of 
expertise. This generally motivates them to forward internally.  
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4.4.2. Output Maximization 

Planners explain that they forward internally because the associated time and effort savings 

enable them to plan other shipments (compared to planning shipments which are not within the 
scope of their BU). The following planner quote illustrates this argument: 

“It [forwarding a shipment] could cost me €25 more, but it also means spending 

less time on planning that shipment. The time saved can be used to plan other 
shipments [that are your designated task]. In this way, you can work much faster. 
It just saves a lot of work when you send it [a shipment which is not your task to 
plan] to another [the designated] Business Unit. In concrete terms, time is 
money.” 

In contrast, another planner used the opposite argumentation when describing instances where 
he had a difficult shipment at hand. In the following quote, he suggests that planning a shipment 
himself costs him less time and effort than forwarding it to a designated BU: 

“In the end, when something goes wrong or when I have questions or my client 
asks me questions, then I have to ask those questions to my colleague, and my 
colleague, in turn, asks it to the carrier. Meanwhile I could just as easily have done 
it myself; then I know everything a lot faster.” 

This planner was responsible for certain accounts only. In this situation, the planner remains 
point of contact irrespective of who actually arranges transportation services for the shipment. 
Passing on information to the client would necessitate the involvement of the planner who is 
point of contact, and would therefore require extra time and effort. In such instances, not 

forwarding internally may save time and effort. 

4.4.3. Helping Each Other 

This chapter finds that planners are generally willing to forward internally but that they may 
become reluctant to forward shipments to colleagues if they never receive a shipment in return. 
One planner explained: 

“Then [if some colleague never forwards you a shipment] you are not eager to 
help him out either, no. […] This is still person-to-person work. If you don’t like 
someone, or someone doesn’t like you, then there won’t be any collaboration.” 

Some planners explained that not receiving shipments from other planners sometimes even leads 
to internal conflicts. One planner said that he several times had the experience of not receiving 
shipments that should have been forwarded to him and then added: 
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“Then, you get a discussion. … Then you get internal conflicts. They [colleagues 
from other BUs] give you lame excuses [for not forwarding shipments internally]. 
Thus, the responsible BUs should organize those transports, and not someone 
else.” 

The chapter’s results suggest that planners may decide to forward internally because they expect 
to also receive shipments from their colleagues. However, another planner explained that he 
decides to forward internally merely to help out his colleagues (i.e. without considering a 
returned shipment). By forwarding shipments to a dedicated BU, the freight volumes of that BU 

increases, enabling the colleague running that BU to make more cost-efficient transport plans 
(through freight consolidation). This is exemplified by the following quote by a planner from the 
BU for Italy: 

“Then [when a shipment with destination Sweden comes in] I always give that 
shipment to my colleagues organizing shipments for Sweden. That is internal 
forwarding; the extra revenue that they then can generate. […] When you receive 
something for another Business Unit, you have to share it. You could book it at 
another firm but your colleague has space left, volume which you can offer him… 
[…] You help your colleague with it, which may not always be beneficial for your 
own Business Unit, but it makes a difference whether your colleague keeps some 
margin on his container or purchases transport capacity with a loss.” 

Interestingly, some planners perceive that they are being helpful by not forwarding shipments if 
these shipments are considered to be difficult planning tasks. Difficulties in planning tasks could 
relate to e.g. characteristics of the shipment (refrigerated products, hazardous materials), the 

shipper being a demanding client, or the shipment destination. Some of these complexities are 
explained in the following quote: 

“Some things [shipments] are difficult. Shipments like transport requests to 
Germany, the Ruhr area, are easy because hundreds of trucks drive there. But 
[going to] rural areas in Germany or the Czech Republic, and on top of that 
refrigerated transport, those are challenges.” 

One planner indicated that he does not want to inflict his colleagues with difficult shipments and 
therefore sometimes decides to plan such shipments himself, even though doing so lies outside 
the scope of their BU. He argued as follows: 

“Maybe you do not forward a shipment to help your colleague, if you know that 
the planning will be a long-running issue… In this way, you keep the complaints 
at bay.” 
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To summarize, there is some indication that the expectation of receiving a shipment in return is 
a consideration in internal forwarding decisions. However, planners indicate that they forward 
shipments to help their colleagues without explicitly considering returned favors. Moreover, in 
view of helping colleagues planners may decide not to forward internally. 

4.4.4. Group Norms 

By and large planners were observed to perceive internal forwarding as the norm. This is 
illustrated by the following quote: 

“I entered an organization where it is usual to first look internally [to see whether 
you can forward the shipment to another BU] and to look externally [plan it 
yourself] only when there are no possibilities [to forward the transport request to 
another BU].”  

Several planners stated that they adhere to internal forwarding because they perceive that it is 
common practice to do so within the planning department. In other words, they make decisions 
which they think are in line with the prevailing norm within the planning department. This is 
furthermore exemplified by the following quote: 

“How I perceive it is that you need to involve your colleagues [in planning]. They 
are specialized in it and they are good at it. This is what their daily job is. So we 
give them the shipment.” 

4.4.5. Group Interest 

Planners also defend internal forwarding on the basis that they increase the potential to 
consolidate freight, which is perceived to be a benefit to the whole planning department. The 
following quote is an example of a planner considering the group interest in his planning 
decisions. 

“We have different Business Units within the firm. […] And we try to keep 
freight within the club. It is very easy for a branch of us in Amsterdam to 
outsource transport to France to a competitor. But in order to generate the 
volume, to make something of your service, we need to plan everything at a 

central point. If at some moment in time you have two partial shipments, and you 
can fill a truck with them, but your colleague gives one part to a carrier, then you 
will be ripping yourself off. So it is important that [internal forwarding] happens.” 

Additionally, one planner explained that in view of the firm’s best interest she sometimes decides 
not to forward internally. When searching on the market for freight rates it is possible that a 
planner comes across a carrier offering lower freight rates than those offered by contracted 
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carriers. If the LSP were to start using the cheaper carrier, it could lead to cost savings that 
would benefit the planning department, hence, the firm as a whole. One planner said that she felt 
a duty to refrain from forwarding internally at times in order to access cheaper carriers (cheaper 
than the ones the firm currently uses): 

“Over the years, I have gained enough experience to know whom to hire for 
which request. And of course I have to—I am obliged to—see whether I can use 
other carriers […] to move the goods as cheaply as possible.” 

During the interview this planner revealed a belief that the prevailing norm is to make cost 
efficient transport plans (rather than to forward internally, per se). As a result, at times this 
planner chooses not to forward internally.  

4.5. Discussion 

In this section, it is explained how decision-making in transport planning may be driven by 
underlying goals and preferences by linking the reasons (not) to forward internally presented in 
section 4 to theory. Based on the resulting insights, propositions for further research are 
developed. 

4.5.1. Individual Goals 

The findings presented above indicate that transport planners pursue a variety of individual 
goals, which affect their internal forwarding choices in different ways. First, the findings showed 
that planners focus on minimizing their time and efforts in making internal forwarding decisions. 
Second, planners focus on maximizing their own output and can be motivated to forward as well 
as not to forward internally, dependent on anticipated time and effort savings. The analysis 
revealed that internal forwarding decisions that are fueled by the aim to minimize efforts and 

time spent, enable planners to increase their own productivity. For example, humans take into 
account the amount of effort required when making choices (Beach & Mitchell 1978; Payne 
1982). Decision-makers compare benefits of certain decisions with the cost associated with 
making these decisions, which is usually effort and time required (Beach & Mitchell 1978). This 
chapter indicates that effort and time required may indeed be a consideration in internal 
forwarding decisions. Time/effort required to plan a shipment depends on two things: (1) 
whether the shipment falls within the planner’s BU (Business Unit; that is, domain of expertise) 
and (2) the characteristics of the shipment itself. In this chapter, forwarding internally is generally 

perceived as the time/effort saving choice because planners are considered to be specialists in 
their BU. However, results also indicate that planners may decide not to forward internally when 
this is perceived to be the time/effort saving choice.  
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In summary, based on these results the following propositions are formulated: 

 P1. Planners take into account planning time and effort when making planning decisions. 

P2. Planners make planning decisions seeking to maximize their productivity. 

4.5.2. Social Preferences 

Analysis of the results presented in section 4 suggests there are two social preferences that may 
be underlying planners’ decision-making: reciprocity and group identity. They are discussed in 
turn. 

4.5.2.1. Reciprocity 

The chapter shows evidence that planners take into account the likelihood of receiving a 
shipment in return when they decide on forwarding a shipment to a particular colleague. This 
may be explained by the social preference for reciprocity. Humans are known to help each other, 
incurring costs (e.g. money, effort, time) without immediately receiving anything in return (Loch 
et al. 2006). One explanation for such altruistic behavior is reciprocity: the expectation of 

receiving a return favor at a later point in time (Trivers 1971; Loch et al. 2006; Fehr & 
Fischbacher 2003). This reciprocity even occurs when there is no guarantee that a favor will be 
returned as people tend to derive intrinsic rewards from mutual cooperation (Fehr & 
Fischbacher 2003). In the context of transport planning it is also observed that if there is no 
reciprocation, i.e. one never receives a shipment from a colleague, this may motivate a transport 
planner to no longer forward shipments to that colleague.  

Results furthermore suggest that generally transport planners make decisions about internal 
forwarding such that, in their perception, they are most helpful to their colleagues. This may 
imply the choice to forward or not to forward internally, depending on the situation. The fact 
that most transport planners do not seem to explicitly consider returned favors (i.e. returned 
shipments to them) may be explained by the research context. Cooperation can stabilize when 

people cooperating are interdependent, when cooperation creates value (i.e. helping is beneficial), 
when co-operators meet each other frequently, and when the co-operators can identify, 
remember and punish free riders (Fehr & Fischbacher 2003). The transport planners observed 
are colleagues, they know each other personally, and they interact frequently over longer periods 
of time. It is easily noticed (and thus remembered) if someone never reciprocates. Summarizing, 
based on the above findings the following proposition is developed: 

P3. Planners offer planning related favors to colleagues if they expect them to be 
returned. 
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4.5.2.2. Group Identity 

The findings indicate that planners make internal forwarding decisions that they think are best in 
line with the prevailing norm within the planning department and/or are in the best interest of 

the planning department. These reasons may be traced to the planners’ social preference for 
group identity. Group identity refers to an individual’s desire to belong to and associate with a 
group (Loch et al. 2006). Individuals generally hold more positive feelings for others in the same 
group (Loch et al. 2006) and want to maintain relationships with them, help them and do them 
favors (Chen & Li 2009). Moreover, group identity can motivate individuals to conform to group 
norms (Chen 2009) and to put group interest above own interest (Loch et al. 2006). This 
behavior was also observed in this chapter as described above. It was also observed that that if 
one has a different understanding of what is the norm or the firm’s best interest, this may result 

in different choice outcomes. In summary, based on these findings the following proposition is 
formulated: 

P4. Planners seek to make planning decisions that are in line with their perception of the 

prevailing planning norm. 

4.5.3. Can the Same Goals and Preferences Lead to Different Choices? 

The results indicate that individual goals and social preferences identified in prior research may 
also affect choices in transport planning tasks. In fact, the analysis revealed that not all individual 
goals and social preferences occur equally frequently. In 31% of the interviews planners quoted 
reasons related to individual goals driving internal forwarding decisions. These percentages are 
15% for reciprocity and 77% for group identity. 

The results also show that individual goals and social preferences can motivate planners 

differently dependent on the situation, leading to different choice outcomes. In the particular 
decision under study, individual goals and social preferences can be achieved by forwarding and 
by not forwarding a shipment. The findings show that generally speaking, forwarding is a time- 
and effort-saving choice. Planners are considered specialists in the domain of their BU and 
therefore planning shipments within their area of expertise requires less time/effort compared to 
those outside the scope of their BU. The specialists are thus better able to plan shipments in 
their domain efficiently and effectively than other planners, and thus are able to achieve their 
individual goals of increasing output or minimizing effort. However, in case of a shipment that is 

difficult (to plan), the effort/time saving choice may be to not forward the shipment. Depending 
on shipment characteristics, e.g. when it is expected that additional communication with their 
customer is required, planners may consider planning the shipment themselves as the time-
saving choice since they are the point of contact for the customer. Moreover, it is perceived that 
in general one helps colleagues by forwarding shipments to the designated BU because the 
additional freight at the colleague’s BU generates more consolidation options and opportunities 
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to make more cost-efficient transport plans. However, when the shipment is difficult to plan, 
planners may not want to inflict a difficult task on their colleagues and therefore aim to be 
helpful by not forwarding that shipment. This illustrates that whether a particular decision 
achieves the intended goal is situation/shipment dependent. Furthermore, in the pursuit of 

group identity, one may strive to make decisions in line with the group norm or interest (Chen & 
Li 2009; Loch et al. 2006). However, the interpretation of what is the group norm or what is in 
the best interest of the group may differ between people. For example, a planner may be able to 
find a cheaper solution for a shipment in her own network than a colleague is able to do and 
thus decide to plan the shipment herself rather than to forward internally. The result may be 
interpreted as a contribution to the best interest of the planning department, hence, company 
(i.e. profit). As a result, even though their goals may be similar, planners can make different 
decisions depending on their interpretation of the group norm or their understanding of the 
group’s best interest. Based on these findings the following proposition is formulated: 

P5. Individual goals and social preferences can motivate planners differently, leading to 
different choice outcomes. 

4.6. Conclusions 

Humans play an important role in operational planning tasks. The importance of the human 
factor in planning is widely acknowledged. In particular, research has focused extensively on how 
cognitive aspects affect operational planning decisions. This chapter has taken a different 
perspective by exploring the role of individual goals and social preferences in operational 
planning decisions. More specifically, the chapter focused on one transport planning decision 

(internal forwarding), identified the reasoning used in making this decision and identified and 
analyzed underlying goals that may motivate planner choices. Based on this chapter’s findings, 
propositions were developed in section 5. 

The findings from this study support other works that have identified the use of social 
interactions in planning and scheduling (Jackson et al. 2004; McKay et al. 1992). Similar to 
production schedulers, transport planners use their social relationships to perform their tasks. 
Trust in the capabilities or judgment of others and the existence of a reciprocal relationship have 
been identified by Jackson et al. (2004) and are also observed to play a role in our study on 
transport planning. However, the findings of this study go further: they illustrate how, and 
explain why, the social context in which transport planners navigate drives their decisions. For 
instance, it is explained how the existence of a reciprocal relationship in which favors are 

exchanged between planners may affect their choices in different ways. These insights enable the 
development of specific recommendations on the design of decision tasks and practical actions 
that may be undertaken to have planners pursue the planning department’s goals as much as 
possible. 
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4.6.1. Practical Implications 

The chapter’s results elicit several findings that have implications for managers. This chapter 
shows that transport planners are all driven by their individual goals and social preferences, 

which may affect their decision-making. As such, it is a misconception to think that (monetary) 
incentives suffice in order to motivate employees to make choices that comply with company or 
department goals. Moreover, the finding that similar individual goals and social preferences can 
motivate planners differently leading to different decisions, indicates that it is important to 
understand the motivational mechanisms underlying decision-making processes. This is 
necessary for better-targeted interventions. 

This chapter’s results indicate that planners pursue individual goals (strive to increase their 
output and/or seek to minimize effort and time needed for planning activities). Therefore, 
planning systems should be designed such that the choice that aligns best with firm or 
department’s goals is the time and effort saving choice. Second, this chapter’s results indicate 
that to achieve desired goals it is insufficient to create an environment in which reciprocity and 

group identity are shared as important values. It is important to create a common understanding 
of how planners would best help each other, of what planners consider to be the norm, and of 
what is ultimately in the best interest of the planning department. Clear communication to 
planners about their tasks and responsibilities (including guidelines) should be available in order 
to have social preferences work towards the planning department’s goals as much as possible, 
even though it may seem at first sight that not adhering to such goals leads to favorable 
outcomes. For example, if the aim is to forward internally, the department may discourage 
helping behavior by indicating that this is a short-term solution only. Such undesired helping 

behavior happens when not forwarding a shipment to the designated BU so that a planner does 
not impose a difficult task on a colleague. 

4.6.2. Theoretical Implications 

This chapter investigated the role of individual goals and social preferences in operational 
planning decision-making, which complements insights from previous research on the role of 
cognitive aspects in operational planning decisions. By exploring the context and the rationale 

behind planning decisions, this chapter contributes to the field of decision-making in operations 
by moving beyond spotting how decisions deviate from a benchmark, in this case the firm’s 
rules, to exploring the decision-making processes and highlighting the importance of individual 
goals and social preferences. By formulating propositions, this chapter provides an empirical 
basis for future research on the role of social preferences in planning. Such research is necessary 
in order to develop efficient planning processes that incorporate human decision-makers 
(MacCarthy et al. 2001). 
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This chapter shows that the same individual goals or social preferences can lead to different 
choices which may even result in non-compliant behavior. An important implication is that 
studies on decision-making in planning contexts explicitly need to consider behavior at the 
individual level. This is in line with recent findings that aggregate demand planning decisions in 

operations (e.g. ordering decisions) may not adequately describe the heterogeneity of individual 
decision-makers (Lau et al. 2014; Moritz et al. 2013). Furthermore, existing studies on 
(horizontal) collaboration in transport typically abstract from the individual, implicitly assuming 
that the actual decision-makers work towards the goal of collaboration. Future research should 
consider possible consequences of individual behavior when designing such strategies and 
policies. 

The findings furthermore indicate that there is consistency in how individual goals motivate 
transport planner choices to forward – or not to forward – internally. It seems that planners 
assess contextual factors (e.g. shipment characteristics, workload) in the same way when deciding 
to forward internally vs. when not. However, there seems to be individual heterogeneity in how 
the same social preferences motivate planner choices. Future research can explore personality 

traits that may influence the interpretation of social norms and individual goals, such as risk 
preferences, social value orientation and regulatory focus. These factors have been shown to play 
a role in other operations related contexts, such as ordering decisions and order picking (De 
Véricourt et al. 2013; de Vries et al. 2016a). This will allow for better-targeted interventions to 
counteract undesirable choices and enhance company performance.  

4.6.3. Limitations  

This chapter has limitations. The analysis conducted in this chapter is based on qualitative data.  
Although efforts were made to reduce observer effects (socially desirable answers/behavior) 
through e.g., verifying observations and interpretations at different hierarchical levels, one way to 
strengthen conclusions would be to triangulate the qualitative findings with transaction data to 
further control for observer effects. Another way to strengthen conclusions would be to conduct 
a survey or experiment to test the propositions developed in this chapter. 

Furthermore, the chapter also revealed that planners more often make internal forwarding 
decisions based on group identity related reasons than based on others.  This shows that there 
may be a difference in relative importance of individual goals and social preferences when it 
comes to transport planning decision-making. Future research may therefore investigate the 
relative importance of individual goals and social preferences, as well as the effectiveness of 

identified interventions (such as non-monetary incentive schemes), in a controlled laboratory 
setting.  

Last, this chapter focused on decision-making in an intra-organizational setting. In terms of 
individual goals and social preferences that play a role in decision-making, such settings may be 



84	 	 4.	Individual	Goals	and	Social	Preferences	in	
Operational	Decisions:	Behavioral	Insights	From	Transport	Planning	

different from inter-organizational settings because there decision-makers are competitors rather 
than colleagues. Future research could focus on individual goals and social preferences that play 
a role in decision-making in such inter-organizational settings.  
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Abstract 

Purpose – The purpose of this paper is to investigate how warehouse safety can be assessed and 
facilitated. 

Methodology – Through a literature study, we build a theoretical framework to provide insights 
in how safety in Logistics Service Providers (LSPs) can be assessed and facilitated. We perform a 

case study at a large Dutch LSP using interviews and questionnaires to determine the relevance 
of the sub-dimensions to assess warehouse safety. 

Findings – Using literature, we identify people, procedures and technology related sub-
dimensions of safety culture and safety behavior and factors that may affect how safety culture 

translates to safety behavior. Using a case study our findings indicate which sub-dimensions and 
influencing factors LSP employees find important and why. We found differences in the 
importance assigned to safety, which may point to the existence of sub-cultures across 
warehouses. 

Research limitations/implications – This paper contributes to the limited existing warehouse 
safety literature in which the factors that influence safety are not well explored. Although the 
case study investigates one LSP and as such does not generalize across LSPs, it provides valuable 
insights in important aspects of safety and how they can be influenced. 

Practical implications – This paper offers safety managers insights in how to assess and 
facilitate safety within their warehouses.  

Originality – Although warehouse safety is important, there is scarce academic research that 
explores this issue. 

Keywords – Safety, warehouse, case study 

Article classification – Research paper	 	

 

5 The contents of this chapter are based on the paper Assessing and facilitating warehouse safety by Hofstra, Petkova, 
Dullaert, et al. (2018), which is published in Safety Science. 
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5.1. Introduction 

Workplace safety is important for both employees and firms. In this paper, safety is defined as 

the result of the whole of actions, measures, mental models, etc. in an organization that lead to 
increasing performance and lowering (operations-related) losses (definition based on ISO 
31000:2009 (2009)). Globally, workplace accidents account for 960,000 injured workers and 
around 5,330 fatalities each day (Hämäläinen et al. 2009). In monetary terms, US firms are 
estimated to spend almost $1 billion per week on direct costs (e.g. medical and legal costs) 
associated with injuries and fatalities (Cantor 2008). A range of academic studies has investigated 
how to improve workplace safety (DeJoy 2005; Farina et al. 2015; Hale et al. 2010; Kines et al. 
2013; Mearns et al. 2003; Vredenburgh 2002; Morillas et al. 2013; Cornelissen et al. 2014) and 

research on safety has covered a wide range of industries, including the energy and chemicals 
industries (Mearns et al. 2003; Bragatto et al. 2015; Vinodkumar & Bhasi 2009), various 
manufacturing industries (Nenonen 2013; Lo et al. 2014; Hermann et al. 2010), construction 
(Choudhry et al. 2007a; Cigularov et al. 2010; Shen et al. 2015), aviation (Evans et al. 2007; Liao 
2015; O’Connor et al. 2011), and mining (Paul & Maiti 2007; Saleh & Cummings 2011; He & 
Song 2012). 

Safety is especially important in the logistics services industry. Data from 2014 indicates that in 
the United States the transportation and warehousing sector accounts for the second highest 
number of fatalities (U.S. Bureau of Labor Statistics 2015). Additionally, its injury rate of 13.5 
persons per 100,000 workers is around four times as high as the average injury rate across 
industries (U.S. Bureau of Labor Statistics 2015). This can be explained by several factors: the 

logistics services industry is labor intensive and requires a high level of materials handling 
(Cantor 2008; Goode et al. 2014); heavy vehicles such as forklifts move around in close 
proximity to workers; and the workforce operates under time pressure (De Koster et al. 2011). 
Academic research on safety in logistics has mainly focused on transportation and in particular 
on safety in relation to motor carriers (Cantor 2008). Surprisingly, literature on safety in 
warehousing is scarce (De Koster et al., 2011). 

In this paper, we focus on safety culture and safety behavior in warehouses. We found that in 
this context several issues regarding warehouse safety remain unaddressed. It is unknown how an 
organization’s safety culture and safety behavior can be measured within the logistics services 
industry. The term ‘safety culture’ was used for the first time in 1986 by the nuclear industry in a 
Summary Report on the Post-Accident Review Meeting on the Chernobyl Accident 

(International Nuclear Safety Advisory Group 1991; Edwards et al. 2013). Since 1991 many 
definitions have been proposed based on a variety of studies undertaken by diverging disciplines. 
Despite widespread agreement about the importance of the concept, a single definition has yet to 
emerge and gain widespread acceptance within the scientific community (Guldenmund 2000; 
Edwards et al. 2013; Strauch 2015). Recent research by Vierendeels et al. (2016) conceptualizes a 
safety culture as consisting of observable, perceptual, and psychological elements. 
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For the purpose of this chapter, we focus on observable safety culture (hereafter referred to as 
safety culture). Safety culture can be seen as the integrated sum of certain observable factors that 
should be a proxy for the existence, quantity, and quality/adequacy of safety procedures, work 
instructions, a safety management system, safety-related technology, safety software, safety 

practices, safety training, safety behavior, safety knowledge, safety communication, etc. It is 
assumed that the observable aspects of a safety culture strongly depend on available resources 
for safety within a firm (Reniers 2010). Reniers (2010) and Reniers et al. (2011) argue that the 
aspects of a strong safety culture can be grouped under three dimensions: people, procedures, 
and technology (Reniers et al. 2011; Reniers 2010). A majority of (near) accidents is caused by 
human error (Fuller & Vassie 2004). Therefore people—who may, or may not, have e.g. safety 
knowledge and skills, be involved in safety issues, or place a high priority on safety—are an 
important dimension of a safety culture. The second important dimension of a safety culture, 

procedures, is interpreted broadly and includes, for instance, rules on how to work safely, how to 
handle emergencies, or how to operate equipment. The third dimension, technology, is 
important because it may, for instance, help to prevent or minimize hazardous situations. The 
interplay between these dimensions determines whether a safety culture is present (Reniers et al. 
2011). While a safety culture is shared by members of an organization (Edwards et al. 2013), 
actual safety-related behavior, e.g. the (in)correct use of a forklift truck by a warehouse employee, 
takes place at the individual level. However, individuals are also members of the organization; 
thus, safety behavior is arguably shaped by the underlying safety culture (Myers et al. 2014). We 

therefore interpret safety behavior as related to the same three dimensions as safety culture 
(people, procedures, and technology). In the remainder of this paper we consider safety behavior 
as related to these three underlying dimensions. 

It is unknown which factors influence the translation of safety culture into safety behavior in the 
logistics services industry (but also in other industries). What is known is that behavior is 
influenced by culture but also by contextual factors that interact with culture (Edwards et al. 
2013). Extrinsic factors such as rewards can be used to induce safe behavior (Zohar & Erev 
2007). This implies that there are contextual factors that can influence how safety culture shapes 
safety behavior which is in line with Schein (2010). In this chapter, we address the measurability 
of safety culture and safety behavior, as well as the factors influencing the translation from a 
safety culture to safety behavior (see Figure 5.1).  

With this chapter, we aim to make several theoretical and practical contributions. First, we aim to 
contribute to the safety literature by providing insights into how warehouse safety can be 
assessed. In doing so, we are answering a call for safety research to be undertaken in operational 

settings (e.g. Das et al., 2008). Second, we aim to contribute to the identification of factors 
influencing the translation of safety culture into safety behavior. Not only would this effort 
complement existing safety literature in other industries, it also benefits warehouse managers 
struggling with safety issues on a daily basis (De Koster et al. 2011; Goode et al. 2014). 
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Interventions to improve safety require an understanding of the factors that influence safe 
behavior (Fugas et al. 2012). By making these two contributions, we also aim to further clarify 
both safety culture and safety behavior from a theoretical standpoint. Although these are 
different concepts (Myers et al. 2014), the literature seems to implicitly assume that a safety 
culture automatically results in safe behavior (Guldenmund 2000).  

In order to investigate the issues mentioned, we present a literature study to explore the concepts 
under investigation and relate them to each other. We then refine and empirically assess the 

concepts and their relationships through a case study at a large Logistics Service Provider (LSP), 
considered to be a leader in its industry. Case research is considered appropriate given the 
exploratory nature of this chapter (Eisenhardt & Graebner 2007; Voss et al. 2002; Yin 2009). For 
the case study, we interviewed employees working at different hierarchical levels (i.e. managers, 
team leaders, and workers) at three different warehouses of the company (see also the 
Methodology section). 

The remainder of the chapter is organized as follows. In section 2 we define, explore, and link 
together the key concepts. In section 3 we present our research method and instrument, as well 
as our data analysis procedure. In section 4 we present the outcomes of the case study and in 
section 5 we discuss results, acknowledge its limitations, analyze the theoretical and practical 
implications, and reflect on directions for further research. Section 5 ends with summary 
conclusions. 

	
Figure 5.1. Conceptual model 
* Measured via its observable factors 

5.2. Literature Study 

5.2.1. Introduction 

Academic research on safety in logistics has mainly focused on transportation, and in particular 
on safety in relation to motor carriers (Cantor 2008). Among others, studies investigate 
characteristics of professional drivers (e.g. personality, health, attitude), stressors they face (time 
pressure, fatigue, stress) and how these relate to safety behavior and/or accidents (de Vries et al. 

2017; Kemp et al. 2013; Grytnes et al. 2016; Douglas & Swartz 2016; Douglas & Swartz 2009). 
Recently, warehouse safety has started to gain attention. For instance, De Koster et al. (2011) 
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analyze which factors impact warehouse safety. They find that hazard-reducing systems (HRS; 
safety processes and procedures such as safety markings, mirrors, personal protection like safety 
shoes) and safety-specific transformational leadership (SSTL; a leadership style motivating 
employees to ‘go the extra mile’) have a large influence on warehouse safety. Interestingly, they 

also find that safety consciousness (one’s awareness of safety) does not mediate the effect of 
SSTL on warehouse safety. Subsequently, de Vries et al. (2016) find that prevention focused 
leaders (who focus on rules, procedures, duties and responsibilities) are more likely to show 
SSTL, which in turn is associated with lower accident rates.  

Regulations regarding the storage of products in warehouses are substantial particularly in the 
context of hazardous materials. Hazardous materials have their own well-defined standards of 
storage, which are set up by legislation to minimize the potential hazards pertaining to each 
specific material. Obviously, these standards of storage should be followed rigorously, and the 
list of potential hazards can serve as an input for the risk management process. However, as also 
indicated by Sörensen et al. (2013), additional hazards may stem from the storage of hazardous 
materials. For example those hazards arising from the combination of several chemical 

substances being present. One needs to manage the segregation and separation of hazards. 
Separation concerns the storage of substances in different storage areas by at least fire-resistant 
walls and ceilings. Outside a warehouse, hazardous products need to be stored at a distance of at 
least 5-10m depending on the combination of hazardous materials being stored. Segregation 
means storage in the same storage area, but the products of different classes are separated from 
each other by gaps or barriers, or in cabinets. Products of similar classes may, in principle, be 
stored together in the same storage area. Exceptions to this are cases where specific storage 
regulations such as the regulations for explosives, organic peroxides, and flammable substances, 
have to be observed. Segregated storage within a storage area may also be needed.  

Furthermore, labeling of chemical substances is a critical issue since it is the most visible hazard 
communication tool. The label is often the first source of information alerting users to the 

inherent hazards of a chemical and any instructions for its safe storage, handling, and use. All 
containers that contain chemicals must be labeled, irrespective of the size of the container. It is 
worth mentioning that most dangerous goods are, and should be, clearly labeled, for example, by 
the ADR (European Agreement concerning the International Carriage of Dangerous Goods) 
regulatory regime.   

Despite these regulations on particularly the storage of hazardous materials in warehouses the 
topic of safety culture has received little attention in warehouse safety studies. Safety culture can 
shape safety behavior (Clarke 2000; DeJoy 2005), which influences a firm’s  safety performance. 
Grytnes et al. (2016) study safety culture in truck drivers who transport heavy goods. They focus 
specifically on individual and collective understanding of safety because, during their work, both 

drivers and their company are physically at a distance from each other. The researchers study 
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how these understandings impact the working environment, rather than the diverse aspects of 
which safety culture exists. 

Fortunately, safety research has resulted in the development of a number of safety culture 
models. In the following, we first define safety culture and distinguish it from safety climate. 
Then, we review some of the existing models of safety culture. Based on one of these models, 
the P2T model of Reniers et al. (2011), we identify aspects of safety culture which are potentially 
relevant in warehousing. Thereafter, we discuss the concept of safety behavior and factors that 

may influence how safety culture shapes safety behavior. 

5.2.2. Safety Culture and Its Dimensions  

There is ongoing debate about the definition of safety culture, particularly about the aspects it 
consists of (Edwards et al. 2013) and which aspects of safety culture are important in which 
context (DeJoy 2005). Nevertheless, there seems to be an agreement that safety culture is not 
self-contained but part of organizational culture (Glendon & Stanton 2000; Clarke 2000). For 

reviews on the concept of safety culture and its association with organizational culture, the 
interested reader is referred to e.g. Edwards et al. (2013), Glendon and Stanton (2000), Hopkins 
(2006), or Richter and Koch (2004). In line with the general idea that safety culture is a structural 
aspect of safety and manifests itself at an organizational level (Guldenmund 2000; Myers et al. 
2014; Wiegmann et al. 2004), we define safety culture (i.e. observable safety culture) as the 
observable importance that is given to safety in an organization, as reflected in the resources 
which are made available for safety within the organization (adapted from Reniers, 2010).  

Safety culture is also linked to a company’s climate. Although both concepts are closely linked 
and the terms safety culture and safety climate are often used interchangeably (Fan et al. 2014), it 
is imperative to make a clear distinction. Generally speaking, a company’s climate can be thought 
of as the product of some of the underlying assumptions and hence, it is the way in which a 

company’s culture is visible to and perceived by the outside world (Meyer & Reniers 2016). 
Therefore, a company’s climate can be seen as the outer layers of a company’s culture and 
actually the perceived manifestation of the culture. As a result, a company’s observable safety 
culture emphasizes continuity, while its climate is comparable to a perceived snapshot of its 
culture (Meyer & Reniers 2016). An important difference between these two concepts is the way 
in which they are measured. A company’s safety climate corresponds to the outer and more 
visible, perceived, layers of its observable safety culture and can therefore be measured with e.g., 
standardized questionnaires. A company’s observable safety culture is more fundamental, and 
can for instance be measured by observations, in-depth interviews and document analyses.  
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One of the first models of safety culture was introduced by the National Safety Council (NSC) of 
the United States, which translated occupational safety into a three E’s slogan. The three E’s 
stand for: Engineering (mechanical safety devices are designed), Education (workers are trained 
to work safely), and Enforcement (safety is documented by the employer in rules and 
procedures, while compliance is monitored through supervision) (National Safety Council 1978). 

A second model is the Total Safety Culture model of Geller (1994), which encompasses three 
domains labeled person, behavior, and environment. In Geller’s model, ‘person’ refers to 

people’s attitudes, beliefs, and personalities; ‘behavior’ refers to (un)safe work practices (e.g. 
compliance, coaching, recognition, and communication); and ‘environment’ refers to factors 
present on the work floor (e.g. equipment, tools, machines, housekeeping, heat/cold, and 
engineering). 

Geller’s model closely resembles the reciprocal safety culture model of Cooper (2000). In 
Cooper’s model, the ‘people’ domain is divided into two parts: an external (objective) observable 
factor, called ‘behavior’ and an internal (subjective) psychological factor, called ‘person’. In 
addition to safety behavior, external observable factors include objective situational features, 
which Cooper calls ‘situation’. Cooper (2000) asserts that the ‘environment’ domain of Geller 
translates into the ‘engineering approach’ from NSC’s three E’s slogan. 

Both ‘environment’ and ‘engineering’ can be translated into ‘technology’ from the P2T model of 
Reniers et al. (2011). All four models—the P2T model (Reniers et al. 2011), the reciprocal safety 
culture model (Cooper 2000), the Total Safety Culture model (Geller 1994), and the 3E model 

(National Safety Council 1978)—can be reduced into one integrated model of safety culture 
where the observable aspects (of the ‘engineering approach’) are distinguished from the non-
observable psychological person-related aspects.  

In this chapter, we build on the P2T model of Reniers et al. (2011) which asserts that safety 
culture consists of three dimensions: people, procedures, and technology and that current safety 
culture is determined by the interplay between these dimensions (Reniers et al. 2011). This model 
describes safety culture sub-dimensions for each of the dimensions. Based on this model and a 
literature review we identify sub-dimensions of safety culture that are potentially relevant in 
warehousing. 

The first dimension is People. The involvement of both employees (Flin et al. 2000; Veltri et al. 
2013; Reniers et al. 2011) and external stakeholders in safety policy making (Cigularov et al. 2010; 
Flin et al. 2000; Reniers et al. 2011) reflects the importance of safety in organizations, as well as 
the resources dedicated to it. Safety knowledge impacts the ability of employees (i.e. 
management, team leaders, workers) to adopt safe behaviors (Reniers et al. 2011; Christian et al. 

2009). The safety culture in organizations is reflected by the general priority given to safety 
within an organization (Reniers et al. 2011) and the extent to which open communication 
regarding safety is possible between employees (Hale 2000; Reniers et al. 2011).  
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The second dimension is Procedures. The existence of safety policies and procedures 
(Guldenmund 2000; Reniers et al. 2011; Wills et al. 2006) reflect the importance of safety, as do 
the placement of safety markings (Reniers et al. 2011; Occupational Safety and Health 
Administration 2004). 

Technology is the third observable dimension of an organization’s safety culture. Technology can 
reduce risks and exposure to hazards (Brown 1996). Equipment and facilities available to 
ensure/improve safety are therefore an important sub-dimension of a safety culture (Reniers et 
al. 2011; Occupational Safety and Health Administration 2004).  

Table 5.1 shows these dimensions of safety culture together with their sub-dimensions. In the 
next sections we investigate the extent to which the (sub-)dimensions derived from the literature 

apply to warehouses and whether there are other (sub-)dimensions that should be added to the 
list. 

Safety culture dimension Safety culture sub-dimensions References 

People 

Employee involvement 
(Flin et al. 2000; Reniers et al. 2011; 

Veltri et al. 2013) 

Involvement of external stakeholders 
(Flin et al. 2000; Reniers et al. 2011; 

Cigularov et al. 2010) 

Knowledge about safety (Reniers et al. 2011) 

Priority given to safety within the 

firm 
(Reniers et al. 2011) 

Open communication  (Hale, 2000; Reniers et al., 2011) 

Procedures 

Safety markings 

(Reniers et al. 2011; Occupational 

Safety and Health Administration 

2004) 

Safety policies 
(Guldenmund 2000; Reniers et al. 
2011; Wills et al. 2006) 

Technology 
Equipment and facilities to ensure 
and improve safety 

(Reniers et al. 2011; Occupational 

Safety and Health Administration 
2004) 

Table 5.1. Safety culture and its sub-dimensions 
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5.2.3. Safety Behavior and Its Dimensions 

In contrast to safety culture, which forms a structural aspect of safety and is manifested at an 

organizational level (Edwards et al. 2013), safety behavior is more transient in nature and takes 
place at the level of individual employees. Safety culture is reflected in the resources that are 
made available for safety. Safety culture thus guides safety-related behavior of employees. For 
instance, procedures about handling of certain goods shape how employees handle these goods 
and can improve warehouse safety (De Koster et al. 2011). It is typically assumed that safety 
culture influences safety-related behavior of employees (Myers et al. 2014; Clarke 2000; 
Choudhry et al. 2007b; Cooper 2000; Zhang et al. 2002). However, it is possible that the 
opposite happens as well: behavior shapes culture over time (Schein 2010). However, the 

timespan involved in such relationships leading to cultural change would require a different kind 
of study (longitudinal). Given the aims of this chapter (to explore how safety culture and safety 
behavior can be assessed and facilitated in warehouses), this paper is focused on how safety 
culture shapes safety behavior and the factors that influence this relationship (this is discussed in 
more detail in section 2.3). 

Since the important aspects of a safety culture are captured by three dimensions in the P2T 
model (people, procedures and technology) it would stand to reason that aspects of safety 
behavior may also relate to these three dimensions. The P2T model by Reniers et al. (2011) 
defines the short-term operational sub-dimensions that encompass daily safety-related activities 
and are placed under one of the three dimensions. To study how safe behavior can be 
operationalized in warehouses, we identify sub-dimensions of safety behavior below, building on 
the P2T model and a literature review. 

Regarding People, the extent to which employees (managers, team leaders, and workers) feel 
responsible for safety (Reniers et al. 2011) and communicate about safety on a daily basis 

(especially management; Cigularov et al., 2010); Hale, 2000)) may be a reflection of safe behavior 
in the workplace. Likewise, the extent to which employees apply their safety knowledge on a 
daily basis may reflect safe workplace behavior (Reniers et al. 2011). 

Safety Procedures provide employees insight in how to deal with safety related issues. The degree 
to which employees know what is expected of them concerning safety can be a reflection of safe 
behavior (Reniers et al. 2011). Furthermore, safe workplace behavior is linked both to the degree 
to which employees adhere to safety policies and safety markings (Flin et al. 2000; Fugas et al. 
2012) and to the user friendliness of procedures in daily practice (Reniers et al. 2011). 

Advances in Technology have reduced the risk of exposure to hazards or have in some cases 
eliminated the need for employees to execute dangerous tasks (i.e. behaving unsafe; Brown 
(1996)). Safety-related behavior in the workplace is also reflected by the frequency with which 
the safe functioning of equipment is checked and safety-related equipment and facilities are 
maintained and updated (Reniers et al. 2011).  
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The dimensions and sub-dimensions of safety behavior are shown in Table 5.2 below. Next, we 
investigate the extent to which the (sub-)dimensions found in literature apply to warehouses, and 
whether there are other dimensions which should be added to this list. 

Safety behavior dimension Safety behavior sub-dimensions References 

People 

Employee feeling of responsibility (Reniers et al. 2011) 

Employee communication about 

safety 

(Reniers et al. 2011; Cigularov 

et al. 2010; Hale 2000) 

Employee application of competence 
and expertise regarding safety 

(Reniers et al. 2011) 

Procedures 

Degree to which employees know 

what is expected of them concerning 

safety 

(Reniers et al. 2011) 

Employee adherence to safety 

procedures and markings 

(Flin et al., 2000; Fugas et al., 

2012; Reniers et al., 2011) 

User friendliness of safety procedures (Reniers et al. 2011) 

Technology 

Checking equipment and facilities (Reniers et al. 2011) 

Maintenance on, and updating of, 
equipment and facilities 

(Reniers et al. 2011) 

Table 5.2. Safety behavior and its sub-dimensions 

5.2.4. The Translation of a Safety Culture into Safety Behavior and Its 
Influencing Factors 

Although a range of safety culture models have been developed, little attention has been paid to 
what Cooper (2000) refers to as the ‘product’ of safety culture, i.e. safety behavior. It is known 
that not only culture but also contextual factors play a role in causing safety behavior (Edwards 
et al. 2013). Furthermore, in practice people do not always follow safety policies and procedures 
(which are part of safety culture) (Zohar & Erev 2007), and put themselves at risk (Veltri et al. 
2013). In other words, safety behavior may not be in line with the safety culture in place. 
Extrinsic motivational mechanisms such as rewards have been proposed to induce safe behavior. 
This suggests that there are factors that can influence how safety culture shapes safety behavior. 

Recall that this paper is concerned with observable safety behavior, as opposed to behavioral 
intention, which is another domain of study within the larger domain of cognitive psychology. 
Since safe behavior is demonstrated by the employee, i.e. safety behavior manifests at the 
individual level rather than at the organizational level, the factors influencing safe behavior also 
apply at the individual level. 
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First, perceived individual costs or benefits may influence the translation of a safety culture into 
safe behavior. Managers and other employees have the ability to steer the behavior of individuals 
in an organization (Edwards et al. 2013), for instance through punishments or rewards. Penalties 
or bonuses given to employees in response to their safety behavior can lead to behavioral 

improvements (Zohar & Erev 2007). A similar logic may apply to the perceived effect of 
working safely on promotion and social status may influence behavior. Zohar (1980) found that 
companies with a low accident rate had distinctive ways of rewarding safety, for instance through 
individual praise and recognition for safe performance.  

Another factor that may impact the translation of safety culture into safe behavior is the 
workload that employees face. Continuously increasing competition, pressure to reduce costs 
and increase efficiency and operations practices such as just-in-time delivery lead to workload 
increases, which can be detrimental to safety (Veltri et al. 2013). A high workload may 
compromise safety as employees may take shortcuts in order to perform their tasks faster and 
finish on time (Pagell, Johnston, et al. 2014; Pagell, Dibrell, et al. 2014). This factor is especially 
important for safety in warehouses as heavy equipment is used in close proximity of workers 

who are often working under time pressure (trucks/orders need to be fulfilled regardless of the 
volume to be handled; De Koster et al. (2011)). 

The factors influencing the translation of a safety culture into safe behavior are shown in Table 

5.3 below. We will investigate the extent to which these factors influence the translation of safety 
culture into safe behavior in warehouses, and whether there are other factors that should be 
added to this list.  

Influencing factor Based on 

Penalties (Zohar and Erev, 2007) 

Bonus (Zohar and Erev, 2007) 

Promotion (Zohar 1980) 

Social status (Zohar 1980) 
Workload (Veltri et al. 2013) 

Table 5.3. Factors which may influence the translation of safety culture into safety behavior 

5.3. Methodology 

5.3.1 Case Study Research 

In order to study how safety can be assessed and facilitated in warehouses we apply an 
exploratory research design. We have selected case research because it is considered suitable in 
settings where existing literature is limited and where explanatory ‘how’ questions are addressed 
(Voss et al. 2002; Meredith 1998; Yin 2009).  
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We use a multiple case study design including three different warehouses. This enables us to 
verify results across different cases and obtain more robust results (Eisenhardt & Graebner 2007; 
Stuart et al. 2002). We used theoretical (i.e. non-random) sampling to select our cases, which is 
considered appropriate given the nature of this chapter (Eisenhardt 1989; Eisenhardt & 

Graebner 2007; Meredith 1998; Stuart et al. 2002). We selected a Dutch LSP that is considered to 
be a leading firm in its industry. The firm operates a worldwide distribution network and 
performs a range of different logistics-related activities (e.g., transportation, warehousing, value-
added services, and customs). 

We selected three warehouses of the LSP (all of which are located in the Netherlands), which 
enables us to study a variety of warehouse activities and histories because they differ in the types 
of goods that they store—i.e., consumer goods in warehouse 3, hazardous materials in 
warehouse 2, and food (among other goods) in warehouse 1. The types of goods handled also 
make safety an important issue for each warehouse. Warehouses 1 and 2 are self-established 
warehouses, while warehouse 3 is an acquisition through merger after establishment. 

To explore how warehouse safety can be assessed, we used interviews to identify which factors 
are important with regards to safety and why. Interviews are considered an appropriate means to 
assess culture in a specific context (Schein 2010). Given that safety culture manifests at an 
organizational level (Guldenmund 2000; Myers et al. 2014; Wiegmann et al. 2004) but shapes the 

safety behavior of employees at the individual level (Myers et al. 2014), it is important to gain 
insight in these issues throughout the hierarchical layers of each warehouse. Thus, for each 
warehouse employees from multiple hierarchical levels are interviewed. Per hierarchical level, 
multiple employees are selected (as recommended by Yin (2009)); and per warehouse, managers, 
team leaders, and workers are randomly selected in order to limit bias in the selection of 
respondents (see Table 5.4 for an overview of the respondents and their function per 
warehouse). These selection methods increase the validity (Voss et al. 2002) of the study.  

Warehouse Manager Team leader Worker 

1 4 and 9 1, 2 and 3 5, 6, 7 and 8 

2 12, 18 and 20 10, 11 and 13 14, 15, 16 and 17 

3 19 and 21 21 and 23 24 and 25 

Table 5.4. Respondents per warehouse and function 
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5.3.2. Research Instrument 

We developed a detailed interview protocol (see Appendix O) that served as a framework for 

data collection and the replication thereof across cases, thereby improving reliability (Voss et al. 
2002; Yin 2009). We used this protocol to conduct in-depth interviews. The first part of the 
interviews focused on how to assess safety culture. We first formulated open questions asking 
respondents which aspects of a safety culture they find important and why.  

Furthermore, we wanted to obtain insight in the relative importance of the sub-dimensions of a 
safety culture. Therefore, next to the open questions in the interviews we also collected 
quantitative data by posing propositions related to the sub-dimensions identified in Section 2. 
The respondents were asked to indicate the extent to which they agreed with the propositions 
based on a five-point Likert scale, and then to explain their responses. The sole aim in collecting 
these descriptive statistics was to explore the relative importance of the sub-dimensions as it is 
beyond the scope of this chapter to test their objective importance. Given the scope and nature 

of the chapter, qualitative explanations in combination with such descriptive statistics are 
sufficient and provide an empirical basis for future research (see also e.g. Belayutham et al. 
(2016)). 

The second and third parts of the interviews were comparable to the first, except that they were 
focused respectively on how to assess safety behavior and on the factors that influence the 
translation of safety culture into safety behavior. In the second part, respondents were asked 
what they consider to be the important dimensions of safety in their daily work. In the third part, 
we asked them to what extent their safety behavior reflects the company safety culture, and why 
(or why not). Once again we posed propositions, which we asked the respondents to rate based 
on a five-point Likert scale.  

As recommended, pilot tests took place prior to the actual interviews to improve the interview 
protocol (Voss et al. 2002; Yin 2009). Given the importance of using colloquial language 
terminology was adapted to the phrases used within the company (Hennink et al. 2011). 

Interviews were conducted face-to-face and they were recorded. When additional interviews led 
to minimal additional insight (reasons why sub-dimensions or influencing factors are considered 
important or not), no additional interviews were done in the respective warehouse because 
saturation had been reached (Glaser & Strauss 1967). 

During the study, various site visits and informal conversations took place. This helped to 
develop understanding of the research context (e.g. kind of warehouses, daily operations, safety 
procedures). To improve reliability, the documentation of the data, i.e. transcription of the 
interviews, was done as soon as possible after the interviews (Voss et al. 2002). Unclarities that 
came up after the interviews were verified. Moreover, study results were discussed with 
participants to verify insights and improve internal validity.  
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5.3.3. Data Analysis  

Similar to Grytnes et al. (2016), our analysis is primarily based on qualitative interview data and 

on quantitative data regarding the relative importance of sub-dimensions and influencing factors. 
Insights obtained during the informal conversations and site visits served as contextual 
information on e.g. working conditions of warehouse workers to better understand and interpret 
the interview data.  

In order to analyze qualitative data, it is recommended to structure the data (Stuart et al. 2002) 
and organize it into categories (Miles & Huberman 1994; Voss et al. 2002). This enables the 
identification of patterns and properties of categories. Thus, to analyze what sub-dimensions, 
influencing factors, and potential other safety aspects are important and why we grouped all 
respondent answers per question and then organized responses into different categories 
according to the type of answer given. The answer categories were formed based on the 
individual response that best represented answers given by all respondents. Thereafter, we 

grouped the answers per question based on the warehouse where the respondent is employed in 
order to discern differences between and commonalities across warehouses. 

To analyze the quantitative data, we first calculated the mean score on each proposition. A 

higher mean score means that the sub-dimension or factor is considered more important. In 
addition to calculating the mean score we also calculated the Intra-class Correlation Coefficient 
(ICC) in order to show the spread in scores (which indicates the level of agreement between 
respondents). The ICC is considered to be a robust inter-rater reliability (IRR) measure (Hallgren 
2012). We calculated the ‘two-way random absolute agreement’ variant of the ICC statistic 
because our respondents were drawn from a larger sample, but all answered the same questions. 
When disagreements between respondents are large in magnitude, the resulting ICC values will 
be lower than when the disagreements are smaller in magnitude. An ICC value of zero signals 

random agreement among respondents (Hallgren 2012). Cicchetti (1994) defines ICC values 
lower than 0.40 as poor, values between 0.40 and 0.59 as fair, values between 0.60 and 0.74 as 
good, and values between 0.75 and 1.0 as excellent. Negative ICC values indicate systematic 
disagreement between respondents (Hallgren 2012).		

5.4. Results 

5.4.1. Introduction 

In this section, we present the case study results. In the figures that follow the sub-dimensions of 
the three concepts are ranked (top to bottom) from most important to least important. In the 
bar graphs the proportion of respondents indicating the designated level of importance is shown 
in percentages. An average respondent score of 4 or higher is labeled as high importance, a score 
between 3 and 4 is labeled medium importance, and a score lower than 3 is labeled as low 
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importance. In the analysis below we explain our results by indicating (direct) respondent quotes 
and providing the respondent number in (bold and) italics behind the quote. 

5.4.2. Sub-Dimensions of a Safety Culture 

Figure 5.2 gives an overview of the extent to which the various sub-dimensions of a safety 
culture found in the literature reflect the safety culture in the warehouses examined for this 
chapter. All sub-dimensions received a medium or high score (see Appendix P). The four sub-
dimensions that are considered most important are ‘team leader involvement in safety’, 
‘equipment and facilities to ensure/improve safety’, ‘team leader knowledge about safety’, and 
‘safety policies in place’. Overall, team leaders play a crucial role in a safety culture; moreover, it 
is considered important for management to involve team leaders in safety (3)(7), especially since 

they are the link with workers (7). Team leaders work on a daily basis with workers and they are 
often present in the warehouse. However, higher-level managers work at the office and are less 
often present at the warehouse. As such, warehouse workers can more easily and more often 
observe safety related behavior of team leaders than of higher-level managers. This may make 
team leaders more important role models in the context of warehouse safety. For instance, a 
warehouse worker indicated that he feels more connected with team leaders than with managers 
because he interacts more often with team leaders and therefore he attaches more value to safe 
behavior of team leaders than of managers. 

Moreover, perhaps as a result of differing safety stances among managers or team leaders, the 
perception of the priority given to safety varies among respondents. Some respondents think 
that safety is considered more important than finishing tasks (3)(9)(10)(11)(15)(16)(17); others 

think that getting their work done is considered more important than safety (2)(21)(23)(24). One 
respondent expressed this disagreement as follows: ‘one manager gives priority to safety and does not 
bother that it takes more time to get the job done. However, another manager indicates that safety is important, 
but that it is also important that the truck leaves on time.’ (4) . 

For most dimensions, the average scores on each sub-dimension were highest for warehouse 2 
(see Appendix P). All sub-dimensions were found to be least important in warehouse 3. On 
average, the scores of warehouse 1 are between the values of the other two warehouses. The 
high value placed on safety culture sub-dimensions by warehouse 2 may result from the fact that 
this warehouse stores hazardous materials. Safety Fridays and Toolbox Sessions are regularly 
organized to discuss current safety issues. These sessions include both warehouse workers and 
employees from the office (10)(12)(18)(20), whose presence underlines the importance of safety, 
and may improve awareness of it. 

In contrast, respondents in warehouse 3 indicated that they think they ‘should pay more active 

attention to safety’ (19)(22)(24)(25) and that ‘safety is found important, but not important enough’ 
(22)(23)(24)(25). The value attached to safety culture sub-dimensions by warehouse 3 is low 
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compared to warehouses 1 and 2. This lower value is illustrated by a worker explaining that he 
barely knows the meaning of safety symbols on products or packaging and that he does not 
consider this to be an issue. In warehouse 3 less attention may be given to safety, and thus there 
may be less awareness of it, because this warehouse stores mainly fast-moving consumer goods, 

which require fewer specific safety procedures for their handling and storage than the food and 
hazardous materials stored in warehouses 1 and 2, respectively. 

	
Figure 5.2. Scores of sub-dimensions of safety culture 
* All sub-dimensions are ranked (top to bottom) from most important to least important 

5.4.3. Sub-Dimensions of Safety Behavior 

Figure 5.3 shows the extent to which the safety behavior sub-dimensions found in the literature 

reflect the safety behavior in the warehouses under study. On average, all safety behavior sub-
dimensions are indicated to be of medium or high importance (see Appendix Q). The ‘degree to 
which employees know what is expected of them’, the ‘user-friendliness of safety procedures’, 
and the ‘monitoring of, and maintenance of equipment and facilities’ are the four most important 
safety behavior dimensions. 

User-friendliness is especially important in warehouses because of the customarily high 
workloads. Employees sometimes face a trade-off between safety and quickly finishing a task. To 
prevent the bypassing of safety rules and procedures, it is important that they are easy to 
understand and follow. Having access to proper equipment is frequently associated with safety in 
daily operations (1)(4)(7)(18)(20)(23): ‘the rolling stock must be well maintained because the most dreadful 
things can happen with these types of equipment’ (1)(7).  



5.4.	Results	 101	

The safety behavior sub-dimensions are considered most important in warehouse 2 and least 
important in warehouse 3 (see Appendix Q). In warehouse 3 scores were low on both 
management communication about safety and management adherence to safety markings. 
Managers, team leaders, and workers in warehouse 3 gave a low score to communication about 

safety by managers (22)(23)(24). These findings indicate that a lack of value placed on safety by 
management of warehouse 3 is reflected not only in the safety culture of the warehouse (see 
section 4.1) but also in individual daily safety behavior of management.  

	
Figure 5.3. Scores of sub-dimensions of safety behavior 
* All sub-dimensions are ranked (top to bottom) from most important to least important 

5.4.4. Factors Influencing the Translation of Safety Culture into Safety 
Behavior 

Figure 5.4 shows an overview of the factors influencing the translation of a safety culture into 
safety behavior (see also Appendix R). Managers and supervisors indicated that they think all of 
the following could have a medium effect on workers’ translation of safety culture into safe 
behavior: workload, enhanced social status, receiving bonuses for safe behavior or penalties for 

unsafe behavior, and the opportunity to receive a promotion (see Appendix S). Interestingly, 
respondents indicated that these extrinsic factors have a small influence. Most argued that these 
factors are not important because ‘safety is always more important than work’ (9)(13)(16)(18)(22)(24) 
and that you should work safely ‘because it concerns your own safety’ (1)(2)(5)(11)(12)(13)(17). 
However, some argued that enhanced social status (10)(11), a bonus (6)(10)(23), penalties 
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(1)(4)(10), or promotion (10)(23) would motivate them to behave in a safer manner. Although the 
overall average workload score indicates a low influence, various respondents mentioned that 
‘working under pressure is at the expense of safety’ (2)(5)(6)(8)(21)(24)(25). Thus, the influence of 
workload on the translation of safety culture into safe behavior should be taken into 
consideration. 

The results indicate that respondents find safety important due to intrinsic reasons. Respondents 
argued that they behave safely because they ‘want to come home safe and sound at the end of the day’ 

(2)(7)(12)(13)(14)(17)(21)(23) and want the same for their colleagues (2)(6)(7)(12)(17)(23). This 
was especially visible in warehouse 2. Arguments against the influence of the factors were: ‘I do 
not want to endanger myself’ (7)(8)(24), ‘you should perform your work in a safe manner’ (15)(16), and ‘what 
others do, is their own business’ (5)(14)(17). When employees themselves find safety important, they 
are less influenced by extrinsic factors.  

Besides intrinsic motivation, we identified three other additional factors that influence the 
translation of safety culture to safe behavior: customers, regulatory authorities, and habit. First, 
customers can have influence if they set specific requirements (11)(12)(19)(21). One customer, 
for which the LSP stores and transports chemicals, begins every meeting with the LSP by 
showing a short movie in which safety is addressed in some way (e.g. someone walking a dog but 
failing to look both left and right before crossing the street). Employees indicated that movies 

about safety aspects improve their awareness of safety and motivate them to make the extra 
effort to behave safely when handling this customer’s products, as compared to those of other 
customers. Safety concerns of customers motivate employees to behave safer than prescribed by 
the safety culture. 

Second, respondents argued that regulatory authorities might also motivate them to behave safer 
than the norm (safety culture) because ‘you have to comply with the law’ (2)(11)(12) . Third, 
employees may not behave in line with the safety culture as a result of habituation (19)(22). This 
is illustrated by the following quote from an employee in warehouse 3: ‘I have enough experience so I 
know what is safe and what is not’ (19)(25) . In sum, customers, regulatory authorities and habit 
should also be taken into account as factor influencing the translation of safety culture into safety 
behavior. 
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Figure 5.4. Scores of factors influencing the translation of safety culture into safety behavior 
* All sub-dimensions are ranked (top to bottom) from most important to least important 

5.4.5. Inter-Rater Reliability 

There is only random agreement among respondents regarding safety culture (ICC = 0.021), fair 
agreement among respondents regarding safety behavior (ICC = 0.475) and random agreement 
regarding influencing factors (ICC = 0,105). Individual perception differences and scoring biases 
across respondents (e.g. some respondents score more towards the medium of a scale while 

others prefer the extremes of a scale) are acknowledged explanations for disagreement among 
respondents (Paulhus 1991). 

When examining the ICC values at the warehouse level, one notices that the ICC values for 

safety culture within each warehouse are lower than the average ICC across warehouses (i.e. -
0.456 for warehouse 1; -0.013 for warehouse 2; and -0.462 for warehouse 3). As already indicated 
by the qualitative data, these values suggest that there are differences in the importance that 
individual warehouses assign to safety. In warehouse 2 there is the least disagreement regarding 
the safety culture sub-dimensions.  

In this chapter, we focus on how safety culture shapes safety behavior. Notably, the ICC values 
indicate that structural agreement on the importance of safety and available resources for safety 
(i.e. observable factors of safety culture) are not necessary to generate structural agreement on 
safety in daily practice (i.e. safety behavior). Interestingly, respondents from warehouse 3 indicate 
the most systematic disagreement on the sub-dimensions of safety culture, but the most 

systematic agreement on the sub-dimensions of safety behavior (ICC = 0,528 compared to 0,069 
and 0,142 for warehouse 1 and 2 respectively). In other words, although employees in warehouse 
3 do not agree on the importance of sub-dimensions of safety culture, they agree on safety 
behavior in daily practice. 
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5.5. Discussion and Conclusion 

5.5.1. Introduction  

In this paper we performed a literature study that described two key aspects of safety (i.e. safety 
culture and safety behavior) and we identified factors that influence the translation of safety 
culture into safety behavior. We then assessed the extent to which these factors are relevant in 
assessing safety culture and behavior in the warehouses of a leading LSP. The results from the 
case study are summarized in Figure 5.5 below. In this chapter we particularly focused on how 
safety culture shapes safety behavior, rather than how behavior leads to cultural change. Before 

discussing the theoretical and practical implications of this chapter, we want to reflect on this 
chapter’s results.  

First, comparing the different warehouses, we found differences in the importance assigned to 

safety, which may point to the existence of sub-cultures across warehouses. For one, employees 
from warehouse 3 attached the lowest values to the safety culture and safety behavior sub-
dimensions. This could be explained by the fact that there are fewer safety specific issues that 
need to be dealt with in warehouse 3 as compared to the other warehouses, i.e. food and 
hazardous materials have more specific requirements in terms of product handling and storage. 
Fewer precautions that are required on a daily basis may result in less awareness of safety, and 
thus a lower value attached to it. Another explanation may be that warehouses 1 and 2 were 
founded by the owners of the LSP and are still highly influenced by the corporate values of the 

LSP; whereas warehouse 3 is an acquired warehouse that operates more independently. For 
example, a feeling of independence of their activities from the LSP company that owned the 
warehouse they worked in was noticed during informal conversations. In these conversations 
employees from warehouse 3 often talked about ‘we’ vs. ‘they’ when comparing their warehouse 
with the LSP. 

Moreover, employees in warehouse 2 attached the highest values to safety culture sub-
dimensions and they were the most in agreement on this. In warehouse 2, Safety Fridays and 
Toolbox Sessions are organized in which safety issues are discussed (e.g. examples of accidents, 
procedures). These initiatives may have resulted in improved awareness of the importance of 
safety and may have generated a more consistent understanding of safety across hierarchical 

levels. This active, open communication does not take place in warehouse 1 and 3 and may 
explain the lower values attached to safety culture sub-dimensions and lower levels of agreement 
regarding the importance of safety aspects within these warehouses. 

Second, our results indicate that workers consider factors to stimulate safer behavior (i.e. social 
status, penalties, promotion, and bonuses) to be of low importance. This implies that when 
engaging in efforts to improve safety behavior it is more worthwhile to invest in raising 
employee awareness of the importance of safety (so that individuals are intrinsically motivated to 
behave safely) rather than trying to stimulate safe behavior through the use of extrinsic 
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incentives. Such awareness can be created by for example organizing sessions in which safety 
issues are addressed (similar to the Toolbox sessions described above). The positive effects of 
such means of safety communication on safety behavior of employees have recently been 
confirmed in construction (Olson et al. 2016). In contrast, Zohar and Erev (2007) argue that in 

order to enhance safe behavior, it should be directly rewarded because employees often perceive 
higher direct benefits of unsafe behavior (such as being able to perform work faster or with less 
effort when safety procedures are not followed) compared to benefits of safe behavior (because 
of e.g. low risks of accidents/injuries, delayed impacts of behavior are discounted; (Zohar & 
Erev 2007; Vecchio-Sadus & Griffiths 2004)). In this chapter, the low value attached to 
stimulating factors can be attributed largely to the scores assigned by employees of warehouse 2, 
which were lower than the scores assigned by employees of warehouses 1 and 3. A strong 
existing safety culture in warehouse 2, in combination with a high value placed on safe behavior, 

may mean that warehouse 2 employees do not perceive high direct benefits from unsafe 
behavior. This could explain why there may be no need to directly reward them for safe 
behavior. 

Third, technology sub-dimensions of both safety culture and safety behavior were among the 
most important sub-dimensions (in the top three for both aspects) by which to assess safety in 
the studied warehouses. Indeed, having safe equipment to work with and ensuring safety of 
equipment is especially important in warehouses as heavy equipment (e.g. forklift trucks, trucks) 
is often operated with workers standing nearby (De Koster et al. 2011). 
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Figure 5.5. Safety framework based on literature study and case study 
* PE = People dimension, PR = Procedures dimension, T = Technology dimension 
** The additional influencing factors found, are shown in italics 
*** All sub-dimensions are ranked (top to bottom) from most important to least important 

5.5.2. Theoretical Implications  

The results of this chapter have several theoretical implications. First, while logistics research has 
focused on safety in transportation, research on safety in warehouses is scarce (De Koster et al. 

2011). Also, a literature review by Fan et al. (2014) on safety in Operations Management does 
not report on safety in warehousing. This paper contributes to this literature gap by exploring 
how to assess and facilitate safety in warehouses. The proposed conceptual model serves as an 
empirical basis for future research. Thereby, this chapter answers a call for more research on 
safety in operational settings (Das et al. 2008).  

Second, this chapter enriches safety literature in logistics by studying the observable part of 
safety culture, which reflects shared beliefs and values and emphasizes continuity and is 
enduring. This is different from safety climate, which can be seen as how a company’s safety 
culture is visible to and perceived by the outside world, i.e. the perceived manifestation 
(snapshot) of the culture (Meyer & Reniers 2016). Thereby, this chapter furthers understanding 
of two important concepts of safety (i.e. safety culture and safety behavior) that are not clearly 
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distinguished in the literature (Myers et al. 2014), which seems to assume that a safety culture 
automatically translates into safety behavior (Guldenmund 2000). More specifically, we propose 
that there are factors, which influence how safety culture shapes safety behavior. In this regard, 
we explained the important influence of employees’ intrinsic motivation to behave safely and the 
workloads they face. 

Third, this chapter shows the importance of measuring safety across different 
locations/branches. The finding that safety is valued differently in different warehouses suggests 

there may be sub-cultures within the firm. These sub-cultures may vary, e.g. one being more 
developed than another (Parker et al. 2006). Calculating an overall safety culture score may 
generate crude results (Parker et al. 2006): differences between branches may be averaged out, 
hiding underperforming/’bad’ safety sub-cultures. Thus, although it is often noted that one 
overarching safety culture can be identified, sub-cultures have to be taken into account. 

5.5.3. Managerial Implications 

This chapter also has several implications for practice. This chapter shows warehouse safety 
managers how to assess safety, how to facilitate the development of a safety culture, and how to 
translate a safety culture into safety behavior. First, the safety culture and safety behavior 
dimensions posed will help them to assess the current state of safety in their warehouses. Our 
results suggest that if there is a lesser need to behave safely, awareness of and value placed on 
safety decreases. Our data showed the importance of a supportive role of management when 
efforts are taken to develop a safety culture. Also, our results revealed that the safe behavior of 
managers as well as team leaders is important when developing safety behaviors in employees. 

Second, with an understanding of the factors influencing the translation of safety culture into 
safety behavior safety managers are better equipped to facilitate safety in their warehouses. Our 
findings suggest that managers should take into account the importance of employee intrinsic 

motivation on safety behavior. This intrinsic motivation is especially important in the logistics 
industry as managers in this industry have relatively little control over the daily behavior of their 
employees (Edwards et al. 2013). Managers should also consider that a high employee workload 
could be an important barrier to positive safety behavior. 

Third, this chapter offers the LSP under study specific insight into the overall level of safety and 
the differences in safety per warehouse. While safety has become an important issue for the top 
management of this LSP, we found a difference in the development of safety between 
warehouses 1 and 2 versus warehouse 3. This may be due to the fact that warehouse 3 (and its 
existing safety culture and practices) was acquired after establishment. When efforts are taken to 
improve safety within the LSP, specific attention should be paid to warehouse 3 as there may be 

inherited culture and climate related differences between acquired warehouses and self-
established ones. 
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5.5.4 Limitations and Directions for Future Research 

This chapter has several limitations and offers directions for further research. A first limitation of 

our study design is that our case study research sample is limited. We interviewed a limited 
number of managers, team leaders, and workers from three warehouses owned by one LSP. 
While this was sufficient for our research purpose, which was exploratory in nature, more 
extensive research with a larger research sample is needed to strengthen conclusions. 

A second limitation of our study design is that we observed a tendency for some respondents, 
especially those of the lowest hierarchical level, to indicate that everything regarding safety is 
fine. One possibility is that respondents were afraid of losing their jobs by giving a socially 
undesirable answer (i.e. by revealing that they or their superiors were not paying sufficient 
attention to safety), or that they did not have a sense of oversight on the situation and said that 
everything was fine by default (top management pointed out this possibility to us; they indicated 
that some workers follow procedures because they are told to do so but find it difficult to 

actively take charge of safety within their function). Future research could solve this issue by 
making the response process anonymous, e.g. by conducting a survey, and/or by performing an 
observation study.  

This chapter offers several other opportunities for further research. First, the conceptual model 
developed in this chapter serves as an empirical basis for future research to further develop the 
concepts of safety culture and safety behavior in warehouses. In this regard, one progression 
would be to develop and administer a survey instrument to provide insights in how to improve 
safety in warehouses and what the role is of leaders in this process. Regarding the sub-
dimensions and their place in the conceptual model, factor analysis could provide insights in 
patterns underlying and correlations between sub-dimensions. This would contribute to the 
ongoing debate on the definition, and aspects, of safety culture (Edwards et al. 2013). While such 

research opportunities are more often proposed in safety research, the next step would be to 
actually perform such a study. 

Second, because our results show structural differences between acquired and self-established 
warehouses regarding the value that is placed on safety culture and safety behavior sub-
dimensions, it would be interesting to investigate the difference between safety in an 
organization’s self-established warehouses versus its acquired warehouses in more detail. 
Antonsen (2009), in this context, refers to a differentiation perspective, which holds that culture 
is something shared by a group but within subcultural boundaries (such as smaller groups within 
an organization as a whole). Future research could provide insights into why differences between 
warehouses (i.e. subcultures) exist and the possible safety implications. Studying the differences 

between sub-cultures in more detail is especially important since LSPs build their networks 
through acquisitions of other companies, which could include the acquisition of existing, and 
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possibly different, safety cultures. Different subcultures could lead to significantly different safety 
outcomes across different warehouses (Edwards et al. 2013). 

The low value attached to extrinsic factors to stimulate safe behavior may relate to the country in 
which this case study was conducted. The Netherlands has high standards for safe working, safe 
workplaces and ethics, and has relatively low corruption indices. As a result of the common 
value attached to safety employees in the Netherlands may perceive that extrinsic stimuli are not 
required to work safely. In other countries (e.g. developing countries) the standards of safety and 

the value attached to safety throughout the society may not be as high. Because of this, 
employees in other countries may perceive extrinsic stimuli to work safely more important 
compared to employees in the Netherlands. The inclusion of other countries and backgrounds is 
required to explore potential differences in values attached to safety aspects identified in this 
chapter. 

Moreover, based on our findings, we suggest additional research on safety culture and safety 
behavior. Overall we found a large spread in the respondents’ answers. While this may be 
attributed (partly) to the research subject itself (as safety is by definition concerned with opinions 
and perceptions which can vary from person to person) and to differences between warehouses, 
we suggest more extensive research with a larger sample to gain insights into which factors 
contribute to this large spread. Such insights would be important for managers who aim to 

achieve a consensus and standard regarding safety within their organization. This complements 
Edwards et al. (2013) who argue that in industries where day-to-day behavior of employees is not 
tightly controlled and supervised, such as logistics, it may be of greater relevance to study 
employees’ intrinsic commitment to safety rather than management practices, policies, and 
procedures. 

5.5.5. Concluding Remarks 

In conclusion, this chapter contributes to existing literature by exploring how warehouse safety 
can be assessed and facilitated. Our findings especially show the importance of the involvement 
of team leaders to, and their knowledge about, safety and the importance of technology to 
prevent/minimize unsafe situations when efforts are taken to develop the safety culture. We also 
show that manager and team leader responsibility for safety and daily safety practices of 
especially team leaders are important aspects of safety behavior. The reason is that team leaders, 
as opposed to managers, are in daily contact with workers and are actively present in the 
warehouse; therefore, their safety behavior is considered more important by warehouse workers. 

Moreover, as this chapter explains, ensuring the safe working of equipment and facilities and 
monitoring and maintaining equipment and facilities are particularly important in warehouses 
where heavy equipment is used in close proximity of employees. Furthermore, we showed that 
intrinsic motivation of employees and employee workload are the main factors influencing the 
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translation of a safety culture to safe behavior. We explained that extrinsic factors aimed at 
steering safety behavior are considered less important in contexts where a strong safety culture 
exists in combination with a high value placed on safety. 



6	
6. Summary of Findings, Implications and 

Conclusions 

This thesis investigated decision-making by individuals in various operations settings for which 
there was little understanding of human behavior. Four empirical studies were presented in 
chapters 2 to 5. Although these chapters presented separate studies, they each took a behavioral 

perspective on individual judgment and choice to answer their specific research questions. These 
studies predominantly focused on individual judgment in decision-making (heuristics and biases 
associated with human cognition) and individual and social goals and preferences that affect 
decisions. In this concluding chapter, the main findings from the four studies are summarized, 
their theoretical and practical implications are discussed, and avenues for future research are 
proposed. Lastly, concluding remarks are given. 

6.1. Summary of Main Findings 

This section discusses how individual judgment and individual and social goals and preferences 
choices introduced in Chapter 1 may affect decision-making in the particular operations settings 
studied in Chapter 2 through 5. The key findings of each of these chapters are summarized in 
Table 6.1. 

6.1.1. Individual Judgment in Decision-Making 

A first reason why human decision-making deviates from rational choice is that people make 
errors in judgment because they are rationally bounded. They are not always able to properly 
judge the value of the outcomes of, or the probabilities related to, the choice alternatives 
available to them (Simon 2000). It is well known that people use heuristics in the judgmental 
process to arrive at decisions. Due to cognitive limitations and the use of heuristics, actual 
decisions taken may therefore be biased (Tversky & Kahneman 1974; Bendoly et al. 2006). 

 



112	 	 6.	Summary	of	Findings,	Implications	and	
Conclusions	

Using laboratory experiments, Chapter 2 examined how people make ordering decisions when 
the total inventory they have available to fulfill demand is uncertain due to supply uncertainty or 
inventory record inaccuracy. These uncertainties have important implications for firms as they 
induce the placement of needless orders, which increases inventory costs, and may lead to 
foregone sales, which increases stock-out costs (Burke et al. 2009; Cannella et al. 2015). 
Understanding how people make decisions under these uncertainties is important for better-

targeted interventions to reduce uncertainty, improve decision-making, and ultimately reducing 
costs and increasing profitability. While there is ample empirical research on ordering under 
demand uncertainty (e.g., Benzion et al., 2008; Bolton et al., 2012; Bolton and Katok, 2008; Feng 
et al., 2011; Lurie and Swaminathan, 2009; B. Moritz et al., 2013; Schweitzer and Cachon, 2000), 
empirical studies on ordering under supply uncertainty are limited (Käki et al. 2015) and on 
ordering under inventor record inaccuracy is, to the best of the author’s knowledge, nonexistent. 
Therefore, in this chapter laboratory experiments are conducted to examine ordering decisions 
under supply uncertainty and inventory record inaccuracy. The findings indicate that subjects 

decide on order quantities that deviate from rational choice under these uncertainties. When 
dealing with low-profit margin products, subjects place orders that are larger than optimal. 
Orders for high-profit margin products are around optimal. The chapter proposed that this 
ordering pattern can be explained by human bias in probability assessments due overconfidence 
and the availability heuristic. Subjects in the current experiments may have been overconfident – 
as they are known to be in situations of ordering under demand uncertainty (Ren & Croson 
2013). Overconfidence may result in an underestimation of the variation in (in this case) supply 
or on-hand inventory, leading to orders above the profit-maximizing quantity in low-profit 

settings and orders below the profit-maximizing quantity in high-profit settings. At the same 
time, the availability heuristic, which entails that people assess the probability of an event based 
on the ease with which they recall/imagine such an event (Tversky & Kahneman 1974), may 
have played a role. Subjects may have considered shortages more likely than surpluses – perhaps 
because reasons for shortages are easier to imagine – and anticipated on that by increasing their 
order. For low-margin products, overconfidence and the availability heuristic both lead to orders 
above the rational optimum but for high-margin products the downward effect of 
overconfidence is counteracted by the upward effect of the availability heuristic (predicting 

orders around the optimum). This ordering pattern is observed in Chapter 2. Overall, these 
findings complement research on ordering decisions under uncertainty by proposing that the 
availability heuristic may also affect human judgment in probability assessments. Moreover, 
whereas this chapter observed that under supply uncertainty or inventory record inaccuracy 
orders for high-margin products are around the profit-maximizing quantity, under demand 
uncertainty such order are typically below the profit-maximizing quantity (Schweitzer & Cachon 
2000; Bolton et al. 2012; Benzion et al. 2008). This suggests that uncertainty in supplies and 
inventories may (partially) compensate for the downward effect of demand uncertainty on orders 

for high-margin products. 
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6.1.2. Goals, Preferences and Choices 

Opposed to what is traditionally assumed, decision-makers may also pursue other goals than 

profit-maximization (which is traditionally assumed) that affect their choices. The goals that 
individuals pursue guide their actions by stimulating individuals to act towards achieving these 
goals (Locke & Latham 2002; Locke & Latham 2006). These may be goals and preferences 
related to the individual him/herself but these could also relate to others (Loch & Wu 2007). 
Chapter 2, 3 and 4 examined how individual goals and preferences may affect operational 
decisions on inventory ordering, inventory allocation, and transport planning, respectively. 
Chapter 4 furthermore studied how social goals and preferences affect decision-making in 
transport planning. Chapter 5 investigated individual perceptions of warehouse safety. The 

findings on individual goals and preferences, social goals and preferences, and individual 
perceptions are discussed in turn below. 

6.1.2.1. Individual Goals and Preferences 

Chapter 2 examined inventory ordering decisions that are made while facing supply uncertainty 
or inventory record inaccuracy. Besides ordering decisions that deviate from optimality under 
both supply uncertainty and inventory record inaccuracy, an important observation made in this 

chapter is that subjects place lower orders under supply uncertainty than under inventory record 
inaccuracy. The chapter discussed how individual preferences in decision-making may explain 
this observation. Based on the estimation of a behavioral model it was found that, subjects who 
face supply uncertainty are more averse to leftovers in high profit conditions and less averse to 
shortages in low profit conditions than subjects who face inventory record inaccuracy. This may 
be caused by the difference in framing of uncertainty and can explain why subjects decide on 
lower order quantities under supply uncertainty than under inventory record inaccuracy. Prior 
research has indicated that a different weighting of leftovers and shortages can explain ordering 

decisions under demand uncertainty (Schiffels et al. 2014; Castaneda & Gonçalves 2018). The 
findings in Chapter 2 suggest that it also affects ordering decisions under supply uncertainty and 
inventory record inaccuracy but that it may also be a driver of observed differences in ordering 
decisions under different uncertainties. 

Chapter 3 continued by examining the role of individual goals and preferences in inventory 
allocation, which entails the rationing of limited inventory between multiple sales channels (i.e., 
from the perspective of the supplier rather than the buyer). Decisions on inventory allocation are 
important for firms as they can reduce profitability but also may create tension between parties 
in the supply chain (Wingfield 2004). While humans play an important role in allocation 
decisions (Caro & Gallien 2010), prior research has taken an analytical perspective by studying 
allocation mechanisms (e.g., Adelman and Mersereau, 2013; Cachon and Lariviere, 1999a, 1999b; 

Liu and van Ryzin, 2011) or has taken the perspective of the buyer (Spiliotopoulou et al. 2017). 
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This chapter is believed to be the first to study inventory allocations from the perspective of the 
supplier. Subjects were asked to allocate limited inventory between a high value sales channel 
where the supplier assumes the risk of having unsold inventory and low value channel where the 
channel assumes inventory risk. The findings of this chapter indicate that allocations deviate 
from the profit-maximizing allocation. Individual preferences to limiting the amount of risk (due 
to risk aversion) and potential losses to be experienced (due to loss aversion), seem to reduce 

allocations to the channel for which they take the inventory risk or may experience losses due to 
item returns from the channel. The chapter furthermore indicated the conditions under which 
individual preferences play a role. Subjects with more risk appetite reduce their allocations to the 
high value sales channel to a larger extent when (1) the payments of the low value channel are 
received before rather than after demand realization (as with the high value channel) and (2) 
when it is possible to incur losses from paybacks to the high value channel. Particularly, subjects 
with a stronger risk appetite exhibited time-discounting whereas subjects with little risk appetite 
exhibited prospective accounting and subjects with stronger risk appetites also exhibited more 

loss aversion. The reason for these findings may be that, initially, subjects with larger risk 
appetites prefer the ‘risky’ high value sales channel, but differences in timing and type of 
payments make the low value channel a more attractive option. On the other hand, subjects with 
little risk appetite have an initial preference for the low value (non-risky) channel, hence, they are 
less sensitive to the timing and type of payments. It was also observed that individual preferences 
coexist: subjects who make allocations in line with time-discounting (valuing earlier payments 
more than later payments) generally also exhibit loss-aversion in their allocations. Overall, these 
findings provide novel insights in behavioral effects on allocation decisions. Suggestions are 
given on how information provision may improve decision-makers’ allocation decisions. 

To gain a deeper understanding of how goals and preferences affect operational decisions, 

Chapter 4 of the thesis used a qualitative research design, i.e., case study research. The chapter 
examined transport planning decisions. Not only is it a theoretically interesting context given the 
time pressure involved in transport planning and the type of relations between planners that may 
evoke individual and social goals. With prior research having investigated planning decisions 
from a cognitive perspective and having focused on production planning (e.g., Cegarra et al., 
2012; Fransoo and Wiers, 2006; Larco et al., 2013), this chapter also is the first to study the role 
of individual goals in (transport) planning decisions. First, the case study findings from the 
chapter indicate that some transport planners strive to minimize the time and/or effort they 

need to fulfill tasks. As a result, these transport planners select the choice option that they 
anticipate to require the least amount of their time and/or effort. Second, it was observed that 
various transport planners focus on maximizing their productivity, which in this case translated 
into maximizing the number of shipments for which they arrange transportation services in a 
certain timeframe. When making planning decisions, these planners choose options that they 
think will enable them to maximize their productivity. The findings furthermore indicated that 
pursuing these individual goals may lead to different choice outcomes depending on the 
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shipment characteristics and/or its planning related requirements. For instance, when a shipment 
is difficult to plan (such as shipments with specific transportation requirements or destined for a 
remote area) it may be considered the time/effort saving decision to forward this shipment to a 
colleague while an easy-to-plan shipment may be processed faster when not being forwarded. 

Overall, these findings contribute to the literature on human behavior in planning by providing 
novel insights in how transport planning decisions are driven by individual goals. More generally, 
these findings contribute to the behavioral operations literature by illuminating that situational 
conditions may affect how similar individual goals lead to different choice outcomes. 

6.1.2.2. Social Goals and Preferences 

Chapter 4 also explored the role of social goals and preferences in transport planning decision-

making besides the role of individual goals and preferences. The findings indicate that social 
preferences also play a role in the context of transport planning. Transport planners have social 
preferences that affect their transport planning decisions. First, the case study results indicate 
that transport planners care for reciprocity. It was observed that most planners are willing to 
offer favors to colleagues (e.g., taking over a difficult planning task), and make decisions 
accordingly, if they anticipate that this favor will be returned. Second, it was observed that 
planners care for group identity. Wanting to be part of the group (the planning department), 
transport planners make decisions that are in line with the prevailing norms within the group. 

These findings complement prior research on humans’ cognitive processes associated with 
planning decisions (e.g., Cegarra et al., 2012; Fransoo and Wiers, 2006; Larco et al., 2013) by 
showing that humans also have social preferences which affect their planning choices. The 
findings in Chapter 4 also revealed that seemingly similar social preferences may lead to different 
choice outcomes. Based on how they are perceived, the same social preferences can motivate 
different actions. These findings give a more nuanced insight in how social preferences drive 
operational decisions, contributing to prior discussions on social preferences in operations 
management.   

Chapter 5 focused on individual perceptions of the importance of aspects of safety to study how 
warehouse safety can be assessed and facilitated. While warehouse safety is important, research 
on this topic is scarce (De Koster et al. 2011; Cantor 2008). The chapter distinguishes 

(observable) safety culture, which is the integrated sum of certain observable factors that are a 
proxy for the existence and quality of safety related factors, and safety behavior that is 
demonstrated by people. Based on a literature study, safety culture and safety behavior sub-
dimensions related to people, procedures, and technology were identified, and factors that affect 
the translation of safety culture to safety behavior have been proposed. In addition to this 
overview of the potentially relevant aspects of warehouse safety this chapter presents case study 
findings that provide additional insights in practitioners’ perceptions of the importance of these 
aspects. The findings indicate that technology aspects are considered to be most important for 
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safety culture and safety behavior because technology is considered a prerequisite for safety in 
warehouses. Team leaders play an important role in warehouse safety as they are perceived as 
role models for the warehouse employees, with whom they are in daily contact. Intrinsic 
motivation is perceived a better motivator for safe behavior than extrinsic motivation and 
customers are considered helpful in stimulating safe behavior through, for instance, their safety 
demands from the warehouse on the handling or storage of products. In Chapter 5 it was also 

observed that safety is valued differently in the firm’s own warehouses versus the acquired 
warehouse, suggesting that there are sub-cultures within the company and providing insights for 
direction attention when efforts are taken to improve safety across the firm. Overall, the findings 
from Chapter 5 contribute to the limited understanding of warehouse safety and provide 
managerial insights in how to assess and facilitate safety in their warehouses.  
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6.2. Theoretical Implications 

The studies conducted in this doctoral thesis have several theoretical implications. This section 
discusses the overarching implications for theory. 

This thesis emphasizes the importance of moving beyond spotting how decision-making deviates 
from a benchmark (the rational choice or the targets or goals set by the firm or department), and 

examining how goals and preferences affect operational decision-making. In fact, the finding that 
similar goals may motivate different choices based on individual perceptions of these goals, 
emphasizes the importance of understanding the motivational mechanisms underlying decision-
making. To date, however, little research has examined the role of social preferences in decision-
making in operations (Schorsch et al. 2017). For instance, in the study of inventory management 
decisions, research typically considers how cognition affects choices (Schorsch et al. 2017) while 
social aspects are inherent in planning tasks in practice, which are generally carried out by 
multiple individuals (Oliva & Watson 2011). Therefore, this thesis encourages researchers to take 

a social perspective in their research and examine the role of social preferences in decision-
making. 

Furthermore, this doctoral thesis recommends a wider application of qualitative research 

methods in the field of behavioral operations management. The field typically uses methods such 
as controlled experiments and mathematical modeling to study individual behavior (Bendoly et 
al. 2010). The behavioral laboratory experiments in Chapter 2 and 3 of this thesis assisted in 
uncovering and quantifying effects of errors in judgment and individual goals and preferences 
that may explain observed decision-making. However, complementary to this, the embedded 
case studies in Chapter 4 and 5 of this thesis provided a deeper understanding of goals and 
preferences and perceptions in a practical context. Therewith, this thesis shows that conducting 
field studies can prove valuable to obtain a deeper understanding of how behavioral factors 

affect decision-making beyond the mere identification of behavioral effects that may explain 
observed decision behavior. Such understanding continues to be relevant even with the growing 
importance of data analytics and of the automation of operational decisions, which changes the 
role of humans in operations. Human decision-making in operations will still be important for 
tactical and strategic decisions. An understanding of human decision behavior is important in 
determining where humans are allowed to intervene and how, and to anticipate behavioral 
effects in such interventions.  

Relatedly, this thesis indicates the relevance of capturing the practical context in the study of 
decision-making behavior. The experimental studies in Chapter 2 and 3 provide insight in 
behavioral effects of particular contextual factors that are controlled and manipulated (such as 

particular uncertainty that subjects face, particular payment schemes they face, and the profit 
margin of the product that they deal with). Such controlled settings are important for internal 
validity, i.e., to capture the effects of the control variables rather than any other situational 
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factors that may play a role (Eckerd 2016). More exploratory field research opens up the 
opportunity to capture the practical context and offers more flexibility to observe other 
situational factors therein which may affect the role of behavioral factors. For example, Chapter 
4 illustrated that the effect of individual and social goals on transport planning decisions may 
vary per shipment. For instance, when minimizing their time and effort, planners decided to 
forward a shipment to their colleague depending on how difficult the shipment is to plan. Or, 

out of reciprocity, some planners decide to forward the shipment when it involves an easy 
planning task that does not burden their colleague. As another example, the findings of Chapter 
5 indicate that the kind of products that are handled and stored not only affects the perception 
of the importance of safety but may also facilitate safety behavior by creating awareness. Overall, 
these examples indicate the value of field studies by illustrating that the case studies used in this 
thesis enabled the identification and exploration of product characteristics that actually matter 
for decision-making and perceptions in these particular operational decision tasks in practice.  

This thesis also indicates that it is important to examine planning tasks specifically to gain a full 
understanding of how behavioral factors affect choices. This is illustrated by the finding in 
Chapter 4 that the way individual goals and social preferences affect decisions may depend on 

particular characteristics such as the characteristics of the particular shipment that is handled. At 
the same time, the findings suggest that there are also more general characteristics of the 
planning context that affect what factors are likely to play a role in decision-making. The results 
from Chapter 4 imply that factors as reciprocity and group identity play an important role in 
decision-making in transport planning because transport planners operate in a social network 
with fellow planners with whom they have relationships. Similarly, in the context of production 
planning in which social networks are also important, planners also consider the reciprocation of 
favors (Jackson et al. 2004). A topic for further research would be to examine what context/task 

related characteristics determine which factors (individual goals/social preferences) are likely to 
play a role in operational planning decisions and/or to examine their relative importance. 

6.3. Practical Implications 

The insights obtained from the four studies in this thesis also have practical implications. People 
play an important role in operations. It is important for organizations to understand why choices 
deviate from some benchmark (for instance, the profit-maximizing choice or the 

company/department goals that are set) to identify initiatives to improve decision-making. This 
section discusses managerial implications of the studies that are presented in this thesis. 

Managers should pay attention to the behavioral effects of framing of uncertainty or the 

information provided in operational decision-making tasks. This thesis found that, for particular 
operational decision tasks, people make different decisions depending on the framing of the 
setting in which they make these decisions, even though the framing does not affect the 
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rationally optimal choice. The findings from Chapter 3 indicated that, in different settings where 
inventory has to be allocated and where the rationally optimal allocation quantities are the same, 
actual allocations are different from optimal and there are differences between settings if the 
situations are framed differently. In other words, these findings suggest that the way information 

is presented can affect allocations. Hence, altering the way information is presented may assist in 
reducing certain behavioral affects and related biases in decisions. Particularly, the chapter found 
that allocations are closer to the rational optimum if the payments related to allocations are 
handled when demand has been realized and if potential payments due to item returns are 
combined with the revenues received rather than when the payments are specified separately. 
This implies that postponing payments until after demand realization and combining gains and 
losses may stimulate allocations that are closer to the revenue-maximizing choice, potentially 
increasing profitability. 

Moreover, this doctoral thesis wants to create awareness amongst practitioners on the impact of 
supply uncertainty and inventory record inaccuracy on ordering decisions and inventory levels. 
The findings in Chapter 2 indicate that inventory ordering decisions under these uncertainties are 

particularly a concern when dealing with low-margin products. In such conditions, order 
quantities are significantly higher than the profit-maximizing quantity. Moreover, in such 
conditions, subjects overstock significantly more under inventory record inaccuracy than under 
supply uncertainty. This increases associated inventory costs and may result in a larger amount of 
inventory that needs to be discounted at the end of the sales period (Cannella et al. 2015; Burke 
et al. 2009). Practitioners are advised to mitigate inventory record inaccuracy and supply 
uncertainty to reduce associated costs. Actions that companies can take to improve the accuracy 
of inventory records are, for example, inventory audits or the use of RFID technology (Kök & 

Shang 2014; Fan et al. 2014; DeHoratius & Raman 2008). To this end, empirical research 
indicates the value of RFID in reducing inventory record inaccuracy in retail stores (Hardgrave et 
al. 2013). Among the initiatives to reduce supply uncertainty are supplier improvement (investing 
in a supplier to improve its performance) and supplier diversification (sourcing from multiple 
suppliers to diversify risk) (Wang et al. 2010; Kalkanci 2017). Additionally, providing insight in 
the dynamics of uncertainty in on-hand inventory levels and incoming supplies might help 
employees to make better decisions. In this regard, Bolton et al. (2012) show a positive effect of 
training in the inventory ordering task (watching an instruction video on the newsvendor 

problem) on the quality of ordering decisions under demand uncertainty. Moreover, practitioners 
are recommended to prioritizing initiatives to reduce inventory record inaccuracy over initiatives 
to reduce supply uncertainty.  

In addition, the findings that operational decision-making is affected by individual goals and 
social preferences in addition to profit-maximization implies that traditional incentive schemes 
solely based on economic incentives may not suffice as means to guide individual behavior. 
Companies are encouraged to take into consideration the goals and preferences of their 
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employees and understand their impacts on decision-making, to guide decision behavior. 
Chapter 4 has illustrated that transport planners make transport planning decisions in the pursuit 
of effort minimization, or while being concerned with reciprocity and/or group identity, which 
may result in choices that do not comply with the goals of the planning department. To motivate 
planning decisions in line with the planning department’s goals the planning task should be 
designed such that the planning choices desired by the department also require the least amount 

of effort and time from their planners. In addition, stimulating reciprocity and group identity can 
be instrumental in guiding planning decisions. However, it is important to create a shared 
understanding of desired behaviors and responsibilities, the department’s best interest and norms 
in order to mitigate non-goal compliant decisions that may also result from pursuing reciprocity 
and group identity. 

The conceptual model developed in Chapter 5 provides managerial insights in how to assess and 
facilitate safety in warehouses and in the factors that may assist in facilitating safety behavior. 
Overall, the results indicate that, to facilitate warehouse safety, it is important that practitioners 
ensure that there is proper technology to behave safe (equipment and facilities – and their 
maintenance), that team leaders are concerned with safety (e.g., having safety knowledge, are 

involved with safety initiatives, feel responsible for safety, and communicate about safety), that 
there is clarity about expectations on safety behavior and that safety procedures are user friendly, 
among others. Moreover, as intrinsic reasons are perceived to be better motivators for safe 
behavior than extrinsic reasons, practitioners should create awareness about safety among its 
employees such that they are intrinsically motivated to behave safe. 

6.4. Limitations and Suggestions for Further Research 

While the insights obtained from the research presented in this thesis yield theoretical as well as 
practical implications, the studies presented in Chapter 2 through 5 also have limitations and 
provide suggestions for future research. 

This thesis investigated individual decision-making in operations. Decision-making is only a part 
of the tasks that employees perform. Besides making decisions, employees also have to 
implement those decisions, i.e., they have to follow up on choices by making sure that the 
chosen courses of action can – and will – be executed, and they have to act on problems that 
arise. An avenue for further research would be to consider these other roles in decision-making. 
Moreover, this thesis focused predominantly two aspects in the investigation of individual 
decision-making in operations: individual judgment (the use of heuristics and biases in decision-
making), and individual and social goals that affect decision-making. However, there are other 

aspects that may also affect individual decision behavior, such as culture (Loch & Wu 2007). 
Given the increasing globalization of supply chains, it is important to understand how cultural 
aspects affect decision-making. Culture defines the context of decision-making and can affect it 
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through the shared assumptions held by its members (Schein 2010). Cultural comparisons may 
be relevant to anticipate behavioral responses by individuals in cross-cultural settings. Therefore, 
this thesis proposes future research to study cultural effects in operational decision-making. 
Additionally, it may also be interesting to study the role of what DiMaggio & Powell (1983) refer 

to as isomorphism – following the crowd – in decision-making. Typically, companies do what is 
generally seen as ‘the thing to do’, which may lead to group think. Also, with the increasing 
importance of IT systems in supporting decision-making in organizations, another interesting 
area for further research would be the interplay between humans and IT systems in decision-
making. 

Furthermore, the research methods used have limitations. The controlled laboratory experiments 
that are used in Chapter 2 and 3 are a widely accepted research method to empirically study 
psychological or behavioral effects in operations (Katok 2011; Siemsen 2011; Bendoly et al. 
2006). Typically, this method has high internal validity: everything else held constant, it is 
reasonable that the observed behavior is caused by the factor that is manipulated in the 
experiment. However, such situational control, which enables high internal validity, puts 

limitations on external validity, that is, the applicability of results to real-world settings (Eckerd 
2016). Therefore, further research on inventory ordering decisions under supply uncertainty and 
inventory record inaccuracy and on inventory allocation decisions in practice is required to 
provide insight in practical decisions that are taken but also to examine how decision-making 
affects operations and to quantify its effect on operational performance. 

Additionally, Chapter 2 and 3 of the thesis make use of student subjects in the laboratory 
experiments. Student subjects are considered to be appropriate for examining behavioral effects 
in operations management. The findings of Bolton et al. (2012) on the newsvendor problem 
indicate that while managers perform slightly better than students, both groups exhibit the same 
behavioral biases. This implies that student subjects are appropriate to examine the presence and 
directionality of behavioral effects that may also be exhibited by practitioners. Bolton et al. 

(2012) do point out that managers are better used as subjects to examine the magnitude of 
behavioral effects present in managers (Bolton et al. 2012). As a result, the behavioral biases 
exhibited by students in Chapter 2 and 3 may be expected to be exhibited by practitioners as 
well. However, to obtain insight in the magnitude of the behavioral effects further research using 
practitioner subjects is required. 

Moreover, Chapter 4 and 5 of this thesis are based on a qualitative research design. The 
qualitative data that these chapters have drawn upon may be biased. The observer effect may 
have led subjects in these studies to act differently, compared to normal, while being studied by 
giving socially desirable answers to interview questions or behaving differently when being 
observed. Efforts were taken to minimize such observer effects by verifying study findings and 

observations with participants and (in aggregated and anonymous form) with higher-level 
managers within the firms under study. Also, prior to the data collection it was stressed that 
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findings would be treated anonymously and aggregated for reporting and subjects were given the 
option not to answer questions if they preferred so. Nevertheless, to strengthen conclusions, it 
may prove valuable for future research to triangulate the qualitative data with transaction data or 
survey results, which allow controlling for observer effects.  

The findings of the studies in this thesis also give rise to subsequent questions. First, this thesis 
has indicated conditions under which decision-making is closer to a benchmark (the rational 
choice or the goals set by the company). The subsequent question is what initiatives should be 
taken to mitigate these behavioral effects and improve decision-making. In the context of 

inventory ordering decisions under demand uncertainty there are indications that training has a 
positive effect on decision quality (Bolton et al. 2012). It seems worthwhile to explore how 
informing people about the dynamics of inventory record inaccuracy and supply uncertainty 
affects the quality of their decisions.  

Another area for further research concerns the role of reward systems in decision-making, 
particularly in relation to the individual non-financial goals and social preferences discussed in 
this thesis. Incentive schemes can be used to motivate decision behavior, for instance, by means 
of extrinsic stimuli such as salary or a bonus. However, decision-makers are also motivated by 
non-financial individual goals and social preferences, which serve as intrinsic motivators affecting 
decision behavior. It would therefore be interesting to examine the impact of both financial and 
non-financial individual incentives and social preferences on decision behavior. 

Furthermore, the research in this thesis has illustrated heterogeneity in behavioral effects. For 
instance, Chapter 3 has shown that there are different allocation patterns that can be explained 
by different (combinations of) individual goals. Chapter 4 has indicated that there is individual 

heterogeneity in how the same social preferences motivate planner choices. One avenue for 
future research would therefore be to explore the role of personality traits in the observed 
heterogeneity in decision behavior. Personality traits have been indicated to affect operations 
decisions such as inventory management tasks and order picking (Strohhecker & Größler 2013; 
de Vries et al. 2016a). It would be interesting to examine the role of personality in 
comprehending individual and social goals and in decision behavior. For instance, do individuals 
who score high on agreeableness have more concern for reciprocity and are they more likely to 
make decisions out of concerns for others rather than out of concern for their own wealth? 

Being able to predict operational decision-making based on personality traits can offer additional 
insights for companies in the hiring process or in task assignments. 
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6.5. Concluding Remarks 

This thesis has shed light on individual decision-making behavior in operations settings in which 

human behavior is not well understood. It has provided insight in behavioral effects on decision-
making about inventory ordering, inventory allocation, and transport planning. In doing so, this 
thesis focused on individual judgment (heuristics and biases in decision-making) and choice 
(individual and social goals and preferences and individual perceptions). Additionally, this thesis 
studied individual perceptions about the importance of aspects of safety in warehouses to 
provide insight in how to assess and facilitate warehouse safety. The findings of this thesis 
contribute to the academic as well as managerial understanding of human decision-making in 
operations. At the same time, this thesis has encouraged future research on individual decision 

behavior to examine how operations are affected by this behavior, how decision behavior affects 
operations performance, and how to mitigate behavioral effects that reduce decision quality to 
improve decision-making. The findings in this thesis have provided an empirical basis for such 
future research.  



126	 	 Summary	

Summary 

People play an important role in a variety of operations. People affect operations performance 
through their engagement with – and input to – operations by, among others, making decisions, 
performing tasks, solving problems, and implementing policies. Traditionally, research in 
Operations Management builds on neoclassical economic theory by treating people as rational 
agents. However, often, the behavior that people demonstrate in practice is different from 
rational choice. To understand the implications of this behavior for operations and to take efforts 
to improve decision-making and operational performance, it is important to examine individual 
decision-making. Therefore, this doctoral thesis investigates how individuals make decisions in 

operations settings where there is little understanding of human decision behavior. It does so by 
focusing particularly on two aspects that affect individual decision-making: individual judgment 
in decision-making (heuristics and biases associated with human cognition) and individual and 
social goals and preferences that affect decisions. This thesis consists of four empirical studies 
that are presented in separate chapters and use different research methods (behavioral laboratory 
experiments and case studies) to study a particular operational decision-making task. 

Chapter 2 examines how people make inventory ordering decisions when there is uncertainty in 
the total inventory available to fulfill demand caused by either supply uncertainty or inventory 
record inaccuracy. While many studies have examined how people make ordering decisions under 
demand uncertainty, there is little understanding of how people make ordering decisions under 
uncertainty in supplies or inventories. As these uncertainties may have important cost 

implications for firms due to needless orders (increasing inventories and related costs) and 
foregone sales (increasing stock-out costs), it is important to understand human decision-making 
under such uncertainties. The findings from the incentivized laboratory experiments indicate that 
ordering decisions under both supply uncertainty and inventory record inaccuracy deviate from 
the profit-maximizing order quantity. Order quantities of low-profit margin products are above 
the profit-maximizing quantity. This may be explained by a biased probability assessment in such 
conditions due to the availability heuristic and overconfidence. It is also observed that order 
quantities placed under inventory record inaccuracy are higher than those placed under supply 

uncertainty. Estimates of a behavioral model indicate a stronger aversion to leftovers under 
supply uncertainty than under inventory record inaccuracy. This may explain the more 
conservative order quantities observed under supply uncertainty. These findings stress the 
practical importance to mitigate uncertainties in supplies and inventories to reduce associated 
costs. Additionally, practitioners are recommended to prioritizing initiatives to reduce inventory 
record inaccuracy (e.g., inventory audits, RFID technology) over initiatives to reduce supply 
uncertainty (supplier improvement, supplier diversification). 
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Chapter 3 focuses on how people make decisions about the allocation of scarce inventory among 

sales channels (i.e., from the perspective of the supplier). Such decisions are important for firms 
as they can reduce profitability but also may create tension between parties in the supply chain. 
While people play an important role in inventory allocations in practice, there is scarce 
understanding of how they make these decisions and what factors affect allocation decisions. The 
study presented in Chapter 3 is the first to examine how people make allocation decisions and 
what factors affect these decisions beyond rational profitability concerns. Behavioral models are 
formulated based on behavioral theories and hypotheses resulting from the model predictions are 
tested using data from incentivized laboratory experiments. The findings indicate that allocations 

deviate from the profit-maximizing allocation quantities. Risk aversion and loss aversion reduce 
subjects’ allocations to sales channels where they take the risk of having unsold inventory or 
possibly may experience losses due to item returns. The observed interaction effect between risk 
appetite on the one hand and loss aversion and mental accounting (i.e., time-discounting and 
prospective accounting) on the other hand provide insight in the conditions under which 
individual preferences play a role. The findings also suggest that multiple individual preferences 
simultaneously affect allocation decisions. Overall, the findings provide novel insights in 
behavioral effects on allocation decisions and that allocation decisions may be different 

depending on the way in which information is presented even though these different ways of 
information provision do not affect the rational, profit-maximizing allocations. The chapter gives 
suggestions on how the way information is presented may improve allocation decisions. 

Chapter 4 is concerned with transport planning decisions made by transport planners. While prior 
studies have investigated individual judgment in planning decisions (i.e., cognitive processes 
related), this chapter is the first to study the role of individual and social goals in transport 
planning. Such a perspective provides novel insights to develop planning processes that take into 
consideration human behavior. The purpose is to obtain more detailed insight in the role of 
individual goals and social preferences in operational planning decisions. A case study was 
conducted at a Logistics Service Provider. The findings describe how transport planning 
decisions are affected by planners’ individual goals to minimize time/effort they spend or to 

maximize their productivity as well as planners’ social preferences for reciprocity and group 
identity. The propositions that are formulated serve as empirical basis for future research on the 
role of individual goals and social preferences in planning. Overall, the findings suggest that 
traditional economically based incentive schemes may be insufficient to motivate transport 
planners. The chapter provides practical insights in directing planner decision behavior based on 
the individual and social goals they pursue. 

Chapter 5 investigates how to assess and facilitate warehouse safety by examining individual 
perceptions of the importance of aspects of warehouse safety. Although safety is important in the 
logistics services industry, little is known about how to measure warehouse safety and how to 
stimulate safe behavior in warehouses. Based on a literature study, a theoretical framework has 
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been developed, distinguishing aspects of safety culture and safety behavior and listing factors 

that may affect how safety culture translates to safety behavior. A case study at a Logistics Service 
Provider indicates that technology aspects are found important since they are considered a 
prerequisite for warehouse safety. Being role models for the warehouse employees, team leaders 
are indicated to play an important role in warehouse safety. Also, employees find intrinsic reasons 
to behave safely better motivators than extrinsic reasons.  Overall, Chapter 5 gives an overview 
of the aspects of safety that are important in warehouses but also provides insights in the 
importance of these aspects, which can be of practical value when efforts are taken to improve 
warehouse safety. 

Overall, the research in this thesis provides insight in individual decision-making in particular 
operational decision tasks. The findings contribute to both the academic and managerial 
understanding of human decision-making in operations but also open up avenues for future 

research. For one, it would be interesting to examine how cultural aspects – besides individual 
judgment and goals and preferences, which are the focus of this thesis – affect decision-making. 
Additionally, further research on inventory ordering under supply uncertainty and inventory 
record inaccuracy and on inventory allocation decisions in practice is suggested to provide insight 
in practical decisions and quantify effects on operations performance. Moreover, to strengthen 
the results from the case studies on transport planning and warehouse safety, further research 
triangulating qualitative insights with e.g., transaction data or survey results is recommended. 
More generally, this thesis encourages further research to explore the consequences of behavioral 

effects on decision-making for operations performance, and how to mitigate behavioral effects 
that reduce decision quality to improve decision-making.  
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Samenvatting 

Mensen spelen een belangrijke rol in allerlei soorten operationele activiteiten. Mensen 
beïnvloeden operationele prestaties door hun betrokkenheid bij – en input in – operationele 
activiteiten door, onder andere, het maken van beslissingen, het uitvoeren van taken, het 
oplossen van problemen en het implementeren van beleidsplannen. Traditioneel gezien bouwt 
onderzoek op het gebied van operationeel management voort op neoklassieke economische 
theorie, welke mensen behandelt als rationele wezens. Vaak wijken gedragingen van mensen in de 
praktijk echter af van rationeel gedrag. Om een begrip te krijgen van de implicaties van deze 
menselijke gedragingen voor operationele activiteiten is het belangrijk om individueel 

beslisgedrag te onderzoeken. Daarom wordt in dit proefschrift onderzocht hoe individuen 
operationele beslissingen nemen in situaties waarin er weinig kennis is over menselijk 
beslisgedrag. Daarbij wordt specifiek aandacht besteed aan twee aspecten die individueel 
beslisgedrag beïnvloeden: individuele oordelen (heuristieken en vooroordelen gerelateerd aan 
menselijke cognitie), individuele en sociale doelen, en voorkeuren die beslissingen beïnvloeden. 
Dit proefschrift bestaat uit vier empirische studies die gepresenteerd worden in afzonderlijke 
hoofdstukken en verschillende onderzoeksmethoden gebruiken (laboratoriumexperimenten en 
case studies) om een specifieke operationele beslissingstaak te onderzoeken. 

Hoofdstuk 2 onderzoekt hoe mensen beslissingen nemen over ordergroottes wanneer er 
onzekerheid is in de totale voorraad die beschikbaar is om aan de vraag te voldoen door ofwel 
onzekerheid in voorraadleveringen dan wel onzekerheid in huidige voorraadniveaus. Hoewel veel 

onderzoeken hebben gekeken naar bestelbeslissingen wanneer er onzekerheid is in de vraag, is er 
weinig bekend over hoe mensen bestelbeslissingen nemen wanneer er onzekerheid is in 
voorraadleveringen of voorraadniveaus. Omdat deze onzekerheden belangrijk implicaties kunnen 
hebben voor bedrijven door onnodige bestellingen (leidend tot hogere voorraadniveaus en 
gerelateerde kosten) of misgelopen verkopen (leidend tot hogere kosten gerelateerd aan 
voorraadtekorten), is het belangrijk om menselijk beslisgedrag onder zulke onzekerheden te 
begrijpen. De resultaten van de laboratoriumexperimenten geven aan dat ordergroottes bij 
onzekerheid in voorraadleveringen en bij onzekerheid in voorraadniveaus afwijken van de winst 

maximaliserende ordergrootte. Ordergroottes van producten met een lage winstmarge zijn groter 
dan de winst maximaliserende ordergrootte. Dit kan verklaard worden door menselijke 
vooroordelen in kansberekening in zulke omstandigheden door de beschikbaarheidsheuristiek en 
overmoedigheid. De resultaten geven verder aan dat ordergroottes onder onzekerheid in 
voorraadniveaus hoger zijn dan ordergroottes onder onzekerheid in voorraadleveringen. De 
schatting van parameters in een gedragsmodel duiden op een sterkere aversie voor restvoorraad 
onder onzekerheid in voorraadleveringen dan onder onzekerheid in voorraadniveaus. Dit is een 
mogelijke verklaring voor de conservatievere ordergroottes onder onzekerheid in 

voorraadleveringen dan in voorraadniveaus. Al deze bevindingen benadrukken het praktische 
belang van het reduceren van onzekerheid in voorraadleveringen en voorraadniveaus. 
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Vakmensen wordt aanbevolen om prioriteit te geven aan initiatieven die onzekerheid in 

voorraadniveaus reduceren (zoals voorraadcontroles of het gebruik van RFID technologie) 
boven initiatieven die onzekerheid in voorraadleveringen reduceren (zoals het verbeteren van de 
prestaties van de leverancier of het gebruiken van meerdere leveranciers). 

Hoofdstuk 3 richt zich op hoe mensen beslissingen nemen over het verdelen van een beperkte 
hoeveelheid voorraad over verschillende verkoopkanalen (dat wil zeggen, vanuit het perspectief 
van de leverancier). Zulke beslissingen zijn belangrijk voor bedrijven omdat ze van invloed 
kunnen zijn op de winstgevendheid, maar ook tot spanning tussen partijen in de productieketen 
kunnen leiden. Hoewel mensen in de praktijk een belangrijke rol in 
voorraadtoewijzingsbeslissingen spelen is het niet bekend hoe mensen zulke beslissingen nemen 
en welke factoren deze beslissingen beïnvloeden. De studie in Hoofdstuk 3 is de eerste die 
onderzoekt hoe mensen voorraadtoewijzingsbeslissingen nemen en welke factoren naast 

winstgevendheid deze beslissingen beïnvloeden. Op basis van gedragstheorieën worden 
gedragsmodellen geformuleerd en de daarop gebaseerde hypotheses worden getest aan de hand 
van data van laboratoriumexperimenten. De resultaten geven aan dat voorraadtoewijzingen 
afwijken van de winst maximaliserende toewijzingshoeveelheden. Aversie tegen risico’s en 
verliezen reduceren de hoeveelheid voorraad die mensen toewijzen aan verkoopkanalen waarvoor 
zij het risico op restvoorraad dragen of mogelijk verliezen incasseren door de door het 
verkoopkanaal geretourneerde producten. De interactie-effecten tussen risicobereidheid aan de 
ene kant en aversie tegen verliezen alsmede mentale boekhouding (tijdsverdiscontering waardoor 

latere betalingen lager gewaardeerd worden dan eerdere betalingen en prospectieve boekhouding 
waardoor latere betalingen hoger gewaardeerd worden dan eerdere betalingen) aan de andere kant 
geven inzicht in de condities waaronder individuele voorkeuren een rol spelen. Verder geven de 
resultaten aan dat verschillende individuele voorkeuren tezamen voorraadtoewijzingsbeslissingen 
kunnen beïnvloeden. Globaal gezien geven de resultaten inzicht in gedragseffecten op 
voorraadtoewijzingsbeslissingen en beschrijven ze hoe die beslissingen kunnen verschillen 
afhankelijk van de wijze waarop informatie wordt gepresenteerd ondanks dat die verschillende 
presenteerwijzen de rationele, winst maximaliserende, toewijzing niet beïnvloeden. Het hoofdstuk 

geeft suggesties over hoe de wijze waarop informatie wordt gepresenteerd 
voorraadtoewijzingsbeslissingen kan verbeteren. 

Hoofdstuk 4 gaat over transportplanningsbeslissingen die worden gemaakt door transportplanners. 
Waar eerdere studies individuele oordelen in planningsbeslissingen hebben onderzocht is dit 
hoofdstuk de eerste studie naar de rol van individuele en sociale doelen in transportplanning. Een 
dergelijk perspectief biedt nieuwe inzichten om planningsprocessen te ontwikkelen die rekening 
houden met menselijk gedrag. Een case studie is uitgevoerd bij een logistiek dienstverlener. De 
resultaten beschrijven hoe beslissingen van transportplanners beïnvloed worden door hun 
individuele doelen om de benodigde tijd/inspanning voor het opstellen van een transportplan te 
minimaliseren of om hun productiviteit te maximaliseren. Ook geven de resultaten aan hoe 
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beslissingen van transportplanners beïnvloed worden door hun sociale voorkeuren voor 

wederkerigheid en groepsidentiteit. De proposities die op basis van deze resultaten zijn 
geformuleerd, bieden een empirische basis voor vervolgonderzoek naar de rol van individuele 
doelen en sociale voorkeuren in planning. Globaal gezien suggereren de resultaten dat traditionele 
beloningssystemen niet afdoende zijn om transportplanners te motiveren. Hoofdstuk 4 biedt 
praktische inzicht in het aansturen van het beslisgedrag van transportplanners op basis van de 
individuele en sociale doelen die zij nastreven. 

Hoofdstuk 5 bestudeert hoe veiligheid in magazijnen vastgesteld en gefaciliteerd kan worden 
middels het onderzoeken van individuele percepties van de relevantie van aspecten van veiligheid 
in magazijnen. Hoewel veiligheid belangrijk is in de logistieke dienstensector is er weinig bekend 
over hoe veiligheid in magazijnen vastgesteld kan worden en hoe veilig gedrag in magazijnen 
gestimuleerd kan worden. Op basis van een literatuurstudie is een theoretisch raamwerk 

opgesteld waarin aspecten van een veiligheidscultuur en veilig gedrag worden onderscheiden en 
factoren die de vertaling van een veiligheidscultuur naar veilig gedrag kunnen beïnvloeden, 
worden benoemd.  De resultaten van een case studie bij een logistiek dienstverlener geven aan 
dat technologie-aspecten belangrijk zijn als middel om veiligheid in magazijnen te creëren. Verder 
spelen teamleiders een belangrijke rol in veiligheid in magazijnen omdat zij worden gezien als 
rolmodel voor magazijnmedewerkers. Ook geven medewerkers aan dat zij intrinsieke redenen om 
zich veilig te gedragen een beter motivatiemiddel vinden dan extrinsieke redenen. Globaal gezien 
geeft Hoofdstuk 5 een overzicht van de veiligheidsaspecten die belangrijk zijn in magazijnen en 

biedt het inzicht in het relatieve belang van deze aspecten, wat praktisch relevant kan zijn 
wanneer actie wordt ondernomen om veiligheid in magazijnen te verbeteren. 

Het onderzoek in dit proefschrift biedt inzicht in individuele besluitvorming omtrent specifieke 
operationele beslissingstaken. De resultaten dragen bij aan het academische en praktische begrip 
van menselijke operationele besluitvorming maar biedt ook mogelijkheden voor 
vervolgonderzoek. Zo zou het interessant zijn om te onderzoeken hoe culturele aspecten – naast 
individuele oordelen, doelen en voorkeuren, die het onderwerp zijn van dit proefschrift – 
besluitvorming beïnvloeden. Ook wordt er voorgesteld om verder praktijkonderzoek te doen 
naar bestelbeslissingen onder onzekerheid in voorraadleveringen en voorraadniveaus om inzicht 
te geven in praktische beslissingen en om de effecten daarvan op operationele prestaties te 

kwantificeren. Verder wordt aangeraden om de resultaten van de case studies over 
transportplanning en veiligheid in magazijnen te versterken door vervolgonderzoek te doen 
waarin kwalitatieve inzichten worden getrianguleerd met bijvoorbeeld transactiedata of 
enquêteresultaten. Meer in het algemeen stelt dit proefschrift verder onderzoek voor om de 
consequenties van gedragseffecten op besluitvorming voor operationele prestaties te analyseren 
en om te onderzoeken hoe gedragseffecten die de kwaliteit van beslissingen reduceren, 
verminderd kunnen worden om zo besluitvorming te verbeteren.  
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Appendices 

Appendix A. Second Order Derivatives of Expected Profit Functions 

A1. SU Model 

!" Π !
!" = ! − ! 1+ ! ! ! d!

!!!
! !!

!
+ ! − ! 1+ ! ! ! d!

!

!
 

Use of the Leibnitz Rule gives: 

!!! Π(!)
!!! = ! − ! −! − !!!

! − !
! ! ! − !

! − 1  

Because ! > !, ! − ! is non-negative and because ! > !, !!!!  is non-negative. Also, ! !!!
! − 1  

is non-negative. However, − !!!
!! < 0 so the second derivative of the profit function is always 

negative. 

A2. IRI Model 

!" Π(!)
!" = ! − ! ! ! d!

!!!
! !!

!
+ ! − ! 

Use of the Leibnitz Rule gives: 

!!! Π(!)
!!! = ! − ! − 1! ! ! − !

! − 1  

Because ! > !, ! − ! is non-negative and also ! !!!
! − 1 > 0. However, because − !

! < 0 the 

second derivative of the profit function is always negative. 
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Appendix B. Closed Form Solutions For Uniformly Distributed Z 

B1. SU Model 

When uncertainty is uniformly distributed with !! = 0, the optimal order quantity under SA can 
be written as: 

!∗ = (! − !)(! − !)!

2 ! − ! + ! ! + ! ! − ! + ! − ! ! + 1 !
 

!∗ = ! − ! (! − !)

4! ! − ! + ! − ! ! + 1 !
 

The optimal order quantity is obtained by multiplying the quantity required in case of no 

uncertainty (i.e. ! − !) with fraction 
(!!!)

!! !!! ! !!! !!! !
. This fraction increases with profit 

margin, meaning that !∗ increases with profit margin. 

B2. IRI Model 

When uncertainty is uniformly distributed with !! = 0, the optimal order quantity under IRI can 
be written as: 

!∗ = ! − (1+ !)! − ! − ! ! ! − !
! − !  

!∗ = ! − ! − !! − 2!! ! − !
! − !  

The optimal order quantity can be obtained by taking demand minus the amount of starting 
inventory at hand plus the amount of shortage in quantity received in worst case scenario minus 
the fraction of cost with respect to revenue multiplied by the range of uncertainty. The latter part 

represents the amount of units one would have to sell to cover the purchasing cost of number of 

units within the range of uncertainty. It can be seen that if the profit margin increases (i.e. !!!
!!!  

decreases), !∗ increases. 
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Appendix C. Instruction Sheets 

C1. Instruction Sheet Treatment SH  

(for SL treatments ! = !, examples are modified accordingly) 

Experiment instructions 

We would like to thank you for participating in part 2 of the experiment. If you follow the 
instructions of part 2 and make good decisions you may earn up to €50! However, if we find out 
that you did not read the instructions, research credits can be retrospectively deducted. 

 

This is an inventory ordering game. 

In this game, you will make ordering decisions for up to 25 independent rounds (2 trial and up 
to 23 game rounds). Each round is one selling period. Note that the first 2 rounds are for 
practice and do not count towards your final profit. 

Your task 

You are the manager of a store that sells widgets. In each round, you have some starting 
inventory of widgets. During each round, you can order additional widgets from your supplier. 
After you receive your order, you can sell the widgets to customers entering your store. Your task 
is to decide how many widgets to buy every round to increase your inventory. You buy a widget 
at a cost of €3 and you sell it for the price of €12. If you have too few widgets you lose revenue 
but if you have too many you have leftovers which can’t be sold in the next round (at the end of 
each round any unsold widgets are scrapped). 

Demand and inventory 

Demand 

The demand in each round is 100 widgets. 

Inventory 

Each round, the starting inventory in the warehouse is exactly 50 widgets. 

Order 

Due to supply uncertainty, the quantity you ordered may be different from the quantity you 
receive. You know that you can receive ± 20% of what you order. Any quantity between these 
limits is equally likely. If you order ! widgets,  you may receive any number between 80% ∗ ! 
and 120% ∗ !. Supply uncertainty is independent in different rounds: small or large quantities 
received in earlier rounds have no influence on the quantity you receive in later rounds. 

Total inventory 

The total inventory after receiving the order, i.e. the inventory available to fulfil demand, is 
calculated as follows:  

!"#$% !"#$"%&'( = !"#$"%&'( !" !"#$ℎ!"#$ + !"#$%&%' !"#"$%"& 

Example 
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You know that the inventory in the warehouse is 50 widgets. Suppose you ordered 50 widgets. 
You know that the quantity received can be any number between 80% ∗ 50 = 40 widgets and 
120% ∗ 50 = 60 widgets. Thus, your total inventory available to fulfil demand is equally likely 
to be any number between 50+ 40 = 90 widgets and 50+ 60 = 110 widgets. 

Your profit 

Your profit in each round is calculated as follows: 

!"#$%& = €12 ∗!"#"!$! !"#$%&,!"#$% !"#$"%&'( − €3 ∗ !"#$%&%' !"#"$%"& 

Example 

Suppose you order 50 widgets. Recall that you know demand is 100 widgets. 

-  If you receive 40 widgets, your total inventory is 90 widgets and your profit is €12 ∗ 90−
€3 ∗ 40 = €960. 

- If you receive 60 widgets, your total inventory is 110 widgets and your profit is €12 ∗ 100−
€3 ∗ 60 = €1020. 

How you are rewarded 

When all experiments are finished, five participants will be selected at random to receive a 
gift voucher. The voucher is valued proportionally to the profit the participant made during the 
experiment (!"#$%& ∗ 0.0024, rounded up to a multiple of 5, excluding the first 2 trial rounds: 
for every 2045.70 earned during the experiment, you receive €5 in vouchers). The higher the total 
profit you generate throughout the experiment, the higher your potential earnings. You can earn 
up to €50 in voucher value. 

To determine the winning participant numbers, we first ask you to enter your “VU-Net ID” and 
“Participant number” (see post-it) in the first screen. As we want to assure your anonymity, your 
VU-Net ID will not be linked to your results and only used for confirmation of winning 
participants. All data obtained from participants will be kept confidential and will only be 
reported in an aggregate format. When all experiments are finished, we communicate which 
participant numbers receive a gift voucher. 

When you have completed all on-screen questions, please fill out the Post-game questionnaire 
which you received on paper. When you finished the questionnaire, please raise your hand so the 
researcher can come to collect the papers and let you sign the attendance sheet. 

 

Thank you and good luck! 
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C2. Instruction Sheet Treatment IH  

(for IL treatments ! = !, examples are modified accordingly) 

Experiment instructions 

We would like to thank you for participating in part 2 of the experiment. If you follow the 
instructions of part 2 and make good decisions you may earn up to €50! However, if we find out 
that you did not read the instructions, research credits can be retrospectively deducted. 

 

This is an inventory ordering game. 

In this game, you will make ordering decisions for up to 25 independent rounds (2 trial and up 
to 23 game rounds). Each round is one selling period. Note that the first 2 rounds are for 
practice and do not count towards your final profit. 

Your task 

You are the manager of a store that sells widgets. In each round, you have some starting 
inventory of widgets. During each round, you can order additional widgets from your supplier. 
After you receive your order, you can sell the widgets to customers entering your store. Your task 
is to decide how many widgets to buy every round to increase your inventory. You buy a widget 
at a cost of €3 and you sell it for the price of €12. If you have too few widgets you lose revenue 
but if you have too many you have leftovers which can’t be sold in the next round (at the end of 
each round any unsold widgets are scrapped). 

Demand and inventory 

Demand 

The demand in each round is 100 widgets. 

System inventory record 

Your store’s information system reports that the inventory in the warehouse is 50 widgets. Due 
to system errors, this inventory record may be different from the actual inventory. This is called 
inventory record inaccuracy. You know that the actual inventory can be ± 20% of the inventory 
record. In other words, the actual inventory in the warehouse is equally likely to be any number 
between 40 and 60 widgets. Inventory record inaccuracies are independent in different rounds: 
a small or a large inventory in earlier rounds has no influence on the inventory in later rounds. 

Order 

You receive exactly the quantity of widgets you ordered and those are immediately available for 
sale. So the orders placed are not subject to uncertainty. 

Total inventory 

The total inventory after receiving the order, i.e. the inventory available to fulfil demand, is 
calculated as follows:  

!"#$% !"#$"%&'( = !"#$%& !"#$"%&'( !" !"#$ℎ!"#$ + !"#$" !"#$%&%' 
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Example 

You know that the actual starting inventory can be any number between 40 and 60 widgets. 
Suppose you ordered 50 widgets. Your total inventory available to fulfil demand is equally likely 
to be any number between 40+ 50 = 90 widgets and 60+ 50 = 110 widgets. 

Your profit 

Your profit in each round is calculated as follows: 

!"#$%& = €12 ∗!"#"!$! !"#$%&,!"#$% !"#$"%&'( − €3 ∗ !"#$" !"#$%&%' 

Example 

Suppose you order 50 widgets. Recall that you know demand is 100 widgets.  

- If the inventory in the warehouse is 40 widgets, your total inventory is 90 widgets and your 
profit is €12 ∗ 90− €3 ∗ 50 = €930. 

- If the inventory in the warehouse is 60 widgets, your total inventory is 110 widgets and your 
profit is €12 ∗ 100− €3 ∗ 50 = €1050. 

How you are rewarded 

When all experiments are finished, five participants will be selected at random to receive a 
gift voucher. The voucher is valued proportionally to the profit the participant made during the 
experiment (!"#$%& ∗ 0.0024, rounded up to a multiple of 5, excluding the first 2 trial rounds: 
for every 2049.60 earned during the experiment, you receive €5 in vouchers). The higher the total 
profit you generate throughout the experiment, the higher your potential earnings. You can earn 
up to €50 in voucher value. 

To determine the winning participant numbers, we first ask you to enter your “VU-Net ID” and 
“Participant number” (see post-it) in the first screen. As we want to assure your anonymity, your 
VU-Net ID will not be linked to your results and only used for confirmation of winning 
participants. All data obtained from participants will be kept confidential and will only be 
reported in an aggregate format. When all experiments are finished, we communicate which 
participant numbers receive a gift voucher. 

When you have completed all on-screen questions, please fill out the Post-game questionnaire 
which you received on paper. When you finished the questionnaire, please raise your hand so the 
researcher can come to collect the papers and let you sign the attendance sheet. 

 

Thank you and good luck! 
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Appendix D. Screenshots Inventory Ordering Game 

D1. Decision Screen 

	

D2. Round’s Results Screen 
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Appendix E. Post-Game Questionnaire 

E1. On-Screen Questions 

	

E2. On-Paper Questions 

Post-game questionnaire 

Participant number: 

1. What was your ordering strategy? 

 

 

2. Why did you choose this strategy? 

 

 

3. If you have any other remarks about the experiment (e.g.: did you understand the 
instructions, did you like the experiment), you can provide feedback below. 
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Appendix F. Expected Profit Functions and Derivatives 

Parameterization of experimental set-up: ! = 100, ! = 50, ! = 12, ! = 0, !! = 3 and !! = 9. 

Also, ! ! = !
!!! with ! = 0.2 and ! = −0.2, i.e. ! ! = !

!.!!!!.! = 2.5. Note that, because we 

define we define ! = !
! , the SU model and the IRI model are equivalent. 

F1. Treatment SH 

! Π(!) = ! !" ! d!
!

!!!
! !!

+ ! !!"! ! d!
!!!
! !!

!
− !! 1+ ! !" ! d!

!

!
 

= 12 100 ∗ 2.5d!
!.!

!""!!"
! !!

+ 12 1+ ! ! + 50 2.5d!
!""!!"

! !!

!!.!

− 3 1+ ! ! ∗ 2.5d!
!.!

!!.!
 

= 3600− 150000!!! − 1200− 9.6! + 112500!!! − 3! 

= 2400− 37500!!! − 12.6! 

!! Π(!)
!" = 37500!!! − 12.6 

F2. Treatment SL 

! Π(!) = ! !" ! d!
!

!!!
! !!

+ ! !!"! ! d!
!!!
! !!

!
− !! 1+ ! !" ! d!

!

!
 

! Π(!) = 12 100 ∗ 2.5d!
!.!

!""!!
!" !!

+ 12 1+ ! 50+ ! 2.5d!
!""!!
!" !!

!!.!

− 9 1+ ! ! ∗ 2.5d!
!.!

!!.!
 

= 3600− 150000!!! − 1200− 9,6! + 112500!!! − 9! 

= 2400− 37500!!! − 18.6! 

!! Π(!)
!" = 37500!!! − 18.6 
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F3. Treatment IH 

! Π(!) = ! !" ! d!
!

!!!
! !!

+ ! !!"!! ! d!
!!!
! !!

!
− !!! 

= 12 100 ∗ 2.5d!
!.!

!""!!
!" !!

+ 12 1+ ! 50+ ! 2.5d!
!""!!
!" !!

!!.!
− 3! 

= −2400+ 60! + 2520− 24! − 0.3!! − 3! 

= 120+ 33! − 0.3!! 

!! Π(!)
!" = 33− 0.6! 

F4. Treatment IL 

! Π(!) = ! !!! ! d!
!

!!!
! !!

+ ! !!"!! ! d!
!!!
! !!

!
− !!! 

= 12 100 ∗ 2.5d!
!.!

!""!!
!" !!

+ 12 1+ ! 50+ ! 2.5d!
!""!!
!" !!

!!.!
− 9! 

= −2400+ 60! + 2520− 24! − 0.3!! − 9! 

= 120+ 27! − 0.3!! 

!! Π(!)
!" = 27− 0.6! 

	 	



Appendix	G.	Study	2	–	SU	Model	 161	

	

Appendix G. Study 2 – SU Model 

G1. Study 2 – SU Model Independent of ! 

If SU is independent of the order size, the quantity received equals ! + !, where ! is a zero 

mean random variable with known cumulative distribution !(!), density function !(!) and 

support [!,!]. Thus, the quantity received can be greater or less than the ordered quantity. 

Because ! is known with certainty, the total inventory available for sale !!" = ! + ! + !. The 

decision-maker’s profit is: 

Π(!) = !"#$ !,!!" + !"#$ !!" − !, 0 − !(! + !) 
His expected profit is: 

! Π(!) = ! !" ! d!
!

!!!!!
+ ! !!"! ! d!

!!!!!

!
+ ! !!" − ! ! ! d!

!

!!!!!
 

−! (! + !)! ! d!
!

!
 

The optimal order quantity !∗ is obtained by taking the first-order derivative: 

!" Π(!)
!" = ! − ! ! ! − ! − ! + ! − ! 

and equating to zero.  

The second-order derivative with respect to ! is 

!!! !(!)
!!! = ! − ! ∗−!! ! − ! − ! . 

Because ! > !, ! − ! is non-negative and −!! ! − ! − ! < 0, the second derivative of the 

profit function is always negative. Thus, the expected profit function is concave in !, and the 

first-order condition is sufficient for optimality. 

The optimal order quantity !∗ for any distribution of ! is: 

! ! − ! − ! = (! − !)
(! − !) 

Under SU and deterministic demand, the optimal order quantity is the quantity that ensures that 

the probability that !!" < ! is equal to the ratio !!!
!!! . If (!!!)!!!  decreases (increases), !∗ 

increases (decreases) linearly. 

When uncertainty is uniformly distributed with !! = 0, the optimal order quantity under SU 

independent of ! can be written as: 
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!∗ = ! − ! − ! − 2! ! − !
! − !  

The optimal order quantity can be obtained by taking demand minus the amount of starting 
inventory at hand plus the amount of shortage in quantity received in worst case scenario minus 
the fraction of cost with respect to revenue multiplied by the range of uncertainty. The latter part 

represents the amount of units one would have to sell to cover the purchasing cost of number of 

units within the range of uncertainty. It can be seen that if the profit margin increases (i.e. !!!
!!!  

decreases), !∗ increases. 

In the experiment in study 2 we set !~![−10,10]. 

G2. Comparing SU Model To IRI Model 

If we define ! = !
! , the optimality conditions in the IRI model and in the SU model are 

equivalent. Define ! = !
!  so ! = 2!. The profit function is: 

Π(!) = !"#$ !,!!" + !"#$ !!" − !, 0 − !(!" + !) 
And the expected profit function is: 

! Π(!) = ! !" ! d!
!

!!!
! !!

+ ! !!"! ! d!
!!!
! !!

!
+ ! !!" − ! ! ! d!

!

!!!
! !!

− ! (!" + !)! ! d!
!

!
 

The first order derivative of the profit function is: 

!" Π !
!" = ! − ! ! ! − !

! − 1 + ! − ! 

The optimal order quantity !∗ for any distribution of ! is: 

! ! − !
! − 1 = (! − !)

! − !  

This is the same result as for the IRI model. 
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Appendix H. Study 2 – Instruction Sheet Treatment SH 

Experimental instructions are the same as in Appendix C1 except for the information being 
provided about the order and the example on computing total inventory available for sale, which 
were described as follows: 

Order 

Due to supply uncertainty, the quantity you ordered may be different from the quantity you 
receive. You know that you can receive ± 10 units of what you order. Any quantity between 
these limits is equally likely. If you order ! widgets,  you may receive any number between 
! − 10 and ! + 10. Supply uncertainty is independent in different rounds: small or large 
quantities received in earlier rounds have no influence on the quantity you receive in later rounds. 

and 

Example 

You know that the inventory in the warehouse is 50 widgets. Suppose you ordered 50 widgets. 
You know that the quantity received can be any number between 5− 100 = 40 widgets and 
50+ 10 = 60 widgets. Thus, your total inventory available to fulfil demand is equally likely to 
be any number between 50 + 40 = 90 widgets and 50+ 60 = 110 widgets. 
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Appendix I. Proofs Models 

I1. Proofs Expected-Profit-Maximizing Model 

One can verify that !! !! ,!! = !! !! ,!! = !! !! ,!!  for any !! and !! . The 

allocation problem is mathematically equivalent to the newsvendor problem where the expected-
profit-maximizing quantity can be found using the critical ratio that balances the cost of ordering 

too much (allocating too much inventory to channel H) with the cost of ordering too little 

(allocating too little inventory to channel H), i.e., the critical ratio is (!! − !!) !! . In the 

revenue management literature this ratio is also known as Littlewood’s rule. 

I2. Proofs Risk Aversion Model 

Refer to Eeckhoudt et al. (1995) for proof for the newsvendor model as this model is 
mathematically equivalent to our allocation problem.  

I3. Proofs Loss Aversion Model 

The critical ratios for setting A and B are (!! − !!) !! , which is the normative critical ratio. 

The critical ratio for setting C is (!! − !!) !!! , which is smaller than the normative critical 

ratio. 

I4. Proofs Time-Discounting Model 

The critical ratio for setting A is the normative ratio, i.e., (!! − !!) !! . The critical ratio for 

setting B is (!!! − !!) !!! , which is smaller than the normative critical ratio. The critical ratio 

for setting C is (!! − !!) !!! , and this is larger than the normative critical ratio. 

I5. Proofs Prospective Accounting Model 

The critical ratio for setting A is the normative ratio (!! − !!) !! . The critical ratio for setting 

B is (!! − !!!) !! , and this is larger than the normative critical ratio. The critical ratio for 

setting C is !(!! − !!) !! , which is smaller than the normative critical ratio. 
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Appendix J. On-Paper Instructions 

On-paper instructions (information for treatment !! = 80 is shown, information for 

treatment !! = 160 is similar except the demand of store Y is 160 gadgets) 

Experiment instructions 

Thank you for participating in this experiment. If you carefully follow the instructions and make 
good decisions you may earn up to €50! However, if we find out that you did not read the 
instructions, research credits can be retrospectively deducted. 

This is an inventory allocation game 

In this game, you will make decisions for up to 35 independent rounds (2 trial and up to 33 
game rounds). Each round is one sales period. Note that the first 2 rounds are for practice and 
do not count towards your final performance. 

Your task 

You are the manager of a firm that sells gadgets in 2 retail stores: retail store X and retail store Y. 
The total inventory you have available in each round is 80 gadgets. Each round, you need to 
decide how many gadgets to send to each of the 2 stores.  

* The sales price at store X is €120. However, you do not know exactly how many gadgets you 
will sell at this store (demand is uncertain).  

* The sales price at store Y is €60. You know that demand is 80 gadgets at store Y (this means 
that you can sell all the units you send to store Y).  

If you send too few gadgets to store X you lose revenue (you forego the opportunity to sell your 
gadgets at a higher price because you sold them cheaper in store Y). On the other hand, if you 
send too many gadgets to store X you have leftovers (unsold inventory) which you cannot sell in 
the next round: at the end of each round any leftover gadgets are scrapped (‘weggegooid’). 

The number of gadgets you send to a store does not affect the local demand in that store. The 
stores are independent and serve their own local markets. 

Your goal 

Your goal is to maximize your total revenue.  

Your revenue in each round is calculated as follows: 

!"#"$%" !"# !"#$% = !"#"$%" !"#$ !"#$% ! + !"#"$%" !"#$ !"#$% ! 

Your total revenue in the game is calculated as follows: 

!"#$% !"#"$%" = !"# !" !"#"$%!" !"#$%% !"" !"#$%& 
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The game consists of several parts. In each part, the business setting is different. These settings 
are announced and explained upfront. PAY ATTENTION TO THE NEW INFORMATION 
PROVIDED ON THE SCREEN DURING THE EXPERIMENT. 

How you are rewarded 

When all experiments are finished, 5 participants will be selected at random to receive a gift 
voucher. The voucher is valued proportionally to the total revenue the selected participant made 
during the experiment. The higher the total revenue you generate throughout the experiment, the 
higher your potential earnings. You can earn up to €50 in voucher value. 

To determine the winning participant numbers, please enter your “VU-Net ID” and “Participant 
number” (see post-it) in the first screen. To assure anonymity, your VU-Net ID will not be linked 
to your results and only used for confirmation of winning participants. All data obtained from 
participants will be kept confidential and will only be reported in an aggregate format. When all 
experiments are finished, we communicate which participant numbers receive a gift voucher. 

When you have completed all on-screen questions, please fill out the Post-game questionnaire 
which you received on paper. When you finished the questionnaire, please raise your hand so the 
researcher can come to collect the papers and let you sign the attendance sheet. 

Thank you and good luck! 
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Appendix K. Information Screens in Experiments 

K1. On-Screen Information Treatment A 

	

K2. On-Screen Information Treatment B 
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K3. On-Screen Information Treatment C 
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Appendix L. Screenshots of Experiments 

L1. Decision Screen in Treatment A 

	

L2. Results Screens in Treatment C 
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Appendix M. DOSPERT Financial Risk Preferences 

For each of the following statements, please indicate the likelihood that you would engage in the 
described activity or behavior if you were to find yourself in that situation.  Provide a rating from 
Extremely Unlikely to Extremely Likely, using the following scale: 

 

1. Betting a day’s income at the horse races. 
2. Investing 10% of your annual income in a moderate growth mutual fund. 
3. Betting a day’s income at a high-stake poker game. 
4. Investing 5% of your annual income in a very speculative stock. 
5. Betting a day’s income on the outcome of a sporting event. 
6. Investing 10% of your annual income in a new business venture. 
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Appendix N. Interview Protocol  

Interviewee: 

Date: 

Location city + street:  

 
Introduction 

First of all, I want to thank you for your time. In this interview I will ask you a couple of regular 
questions about your work experience, your working methods, about how your performance 

within Movex is being evaluated, and about internal commitment. The purpose of this chapter is 
to understand how client managers and expedients work, how they make decisions and how they 
deal with and think about internal commitment without judging about this. 

The interview consists of several parts. In the first part I would like to ask some questions about 
how you deal with internal commitment in practice. Then, I would like to discuss the 
performance evaluation of client managers and expedients at Movex. Finally, I would like to talk 
about the policies regarding internal commitment and what your opinion is on these policies 

I would like to record the interview so that I can listen to the interview afterwards when I didn’t 
completely understand an answer. Only I can listen to the recording. 

During this research I talk with various people at Movex. The answers you give, will be combined 
with the answers that others give. In hindsight it won’t be traceable which answers you gave. 
Therefore, you can answer honestly. If you cannot or won’t give an answer, you can indicate this. 
Is this clear? 

Do you mind if I record the interview? 

Do you have any other questions before we start?  

Then we start with the interview. 

(1) Work experience 

How long have you been working at Movex? 

At which locations did you work? How long? 

Have you had other functions at Movex? If so, which? And how long? 

How long have you been working in the logistics sector? How long have you been working as a 
logistics planner? 

(2) ‘Internal forwarding’  
a) What do you think internal forwarding means? 
b) How do you deal with internal forwarding during your work? Why? 
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c) When do you choose to forward shipments internally with a colleague expedient, that is: 

when do you think it is appropriate to bundle loads within the internal network of 
Movex? Why? 

d) When would you choose not to bundle shipments within the internal network of Movex, 
that is: when would you decide not to give shipments to your colleague expedient? Why? 

(2) Client manager evaluation 
e) What are you evaluated on? That is; on the basis of which criteria is your performance 

measured? 
f) What do you need to do in order to receive a positive evaluation on these criteria? 

(3) Policies regarding ‘internal forwarding’  
g) Which rules are communicated to you about internal forwarding? 
h) How were these rules/policies communicated to you? 

i) Are these rules/policies written or unwritten? That is; are these rules written on paper or 
are these only oral agreements? 

j) What do these rules/policies entail for you in practice? 
k) What do you personally think about internal forwarding and the rules and policies 

regarding this? Why? 
l) What do you personally think is the best policy regarding internal forwarding for your 

business unit? Why? 
m) What do you personally think is the best policy regarding internal forwarding for Movex 

as a whole? Why? 

Ending 
n) Are there any issues regarding your daily work and/or internal forwarding that we did not 

yet discuss and that you would like to add? 
o) Do you have any other remarks or questions? 

Then, I would like to thank you for your time and end the interview.  
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Appendix O. Interview Protocol 

Since the interview was held in Dutch, below we present the English translation (performed by 
the four authors). In this protocol, when we refer to safety, we specifically mean safety in the 
warehouse. A five point Likert scale is used to indicate the extent to which respondents agree 
with each proposition, where 1 means totally disagree, 2 means disagree, 3 means neutral (i.e. nor 
disagree nor agree), 4 means agree, and 5 means totally agree. 

Safety Culture 

1. What do you think safety in the warehouse is about? Can you give as many examples as 
possible? 

2. Based on what do you notice that safety is found important in the warehouse? 
3. Based on what do you notice that safety is not considered important, or not considered 

important enough? 

Propositions (fill in a number from 1 to 5) 

1. The degree to which management is involved in safety, reflects the importance of 
safety. 

 

2. The degree to which management has knowledge about safety and is trained on 
safety, reflects the importance of safety. 

 

3. The degree to which management involves team leaders in safety, reflects the 
importance of safety. 

 

4. The degree to which team leaders have knowledge about safety and are trained on 
safety, reflects the importance of safety. 

 

5. The degree to which managers and team leaders involve workers in safety, reflects 
the importance of safety. 

 

6. The degree to which workers have knowledge about safety and are trained on 
safety, reflects the importance of safety. 

 

7. The degree to which management involves external parties specialized in safety, in 
safety, reflects the importance of safety. 

 

8. The degree to which we can speak open and honest about safety, reflects the 
importance of safety. 

 

9. The degree to which there are safety procedures in the warehouse (for example the 
about the safe storage of materials, wearing safety clothing, safe working with a 
forklift truck or evacuation procedures) reflects the importance of safety. 

 

10. The degree to which priority is given to safety, reflects the importance of safety.  

11. The degree to which the forklift truck, the loading dock and the rest of the 
warehouse are provided with safety markings, reflects the importance of safety. 

 

12. The degree to which safety material is on hand to work safe (e.g. safety clothing, 
helmets, gloves), reflects the importance of safety. 
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Safety Behavior 

1. Based on which factors do you notice that working in the warehouse is safe? Can you 
give examples? 

2. Based on which factors do you notice that working in the warehouse is not always safe? 
Can you give examples? 

Propositions (fill in a number from 1 to 5) 

1. The management feels responsible for safety.   

2. The management applies its knowledge on safety.  

3. The management communicates well about safety.  

4. The management adheres to the safety procedures.  

5. The management adheres to the safety markings.  

6. The team leaders feel responsible for safety.  

7. The team leaders apply their knowledge on safety.  

8. The team leaders communicate well about safety.  

9. The team leaders adhere to the safety procedures.  

10. The team leaders adhere to the safety markings.  

11. The workers feel responsible for safety.  

12. The workers apply their knowledge on safety.  

13. The workers communicate well about safety.  

14. The workers adhere to the safety procedures.  

15. The workers adhere to the safety markings.  

16. I know what is expected of me concerning safety.  

17. Safety procedures are easy to apply in practice.  

18. It is regularly being checked if the materials that we work with in the warehouse 
and the warehouse itself are safe. 

 

19. Regularly maintenance is paid on the materials that we work with in the warehouse 
and the warehouse itself. 

 

Factors Influencing The Translation Of Safety Culture Into Safety Behavior 

Note: the first set of propositions was discussed to gain additional understanding on employees’ 
perceptions about themselves. The second and third set of propositions were asked to gain 
additional understanding of the perception of employees higher in hierarchy on employees lower 
in hierarchy. Because the scores of these propositions are not visualized in a graph, no 
abbreviations are related to them. 

1. What are reasons for you to exactly do what is required of you in terms of safety? 
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2. Can you give example where you to do more than is required of you in terms of safety? 

Why do you do this? 
3. Can you give examples where you do less than is required of you in terms of safety? Why 

do you do this? 

Propositions for managers, team leaders, and workers (about themselves; fill in a number from 1 to 5) 

1. When I am busy, I find doing my job more important than safety.  

2. If I would gain social status by behaving safely, I would behave safer than I do 
now. 

 

3. If I would receive a bonus for safe behavior, I would behave safer than I do now.  

4. If I would receive a penalty for not behaving safely, I would behave safer than I do 
now. 

 

5. If I could make promotion by behaving safely, I would behave safer than I do 
now. 

 

Propositions for managers (fill in a number from 1 to 5) 

1. Team leaders would behave safer if they would have less work pressure.  

2. Team leaders would behave safer if they would gain social status by behaving safe.  

3. Team leaders would behave safer if they would receive a bonus for safe behavior.  

4. Team leaders would behave safer if they would receive a penalty for unsafe 
behavior. 

 

5. Team leaders would behave safer if they would be eligible for promotion by 
behaving safely. 

 

Propositions for managers and team leaders (fill in a number from 1 to 5) 

1. Workers would behave safer if they have less work pressure.  

2. Workers would behave safer if they gain social status by behaving safely.  

3. Workers would behave safer if they receive a bonus for safe behavior.  

4. Workers would behave safer if they receive a fine for unsafe behavior.  

5. Workers would behave safer if they could make promotion by behaving safely.  
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Appendix P. Scores of Sub-Dimensions of Safety Culture 
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Appendix Q. Scores of Sub-Dimensions of Safety Behavior 
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Appendix S. Perception of Factors Influencing the Translation of the Safety 
Culture into Safety Behavior per Warehouse 
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