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Abstract 

This thesis is motivated by the need to develop further knowledge on key concepts of efficiency in the 

setting of logistics and customer behaviour in the retail industry. Retailers invest significant resources 

in operations management to enhance firm performance and to better cater to customer needs. Because 

of the introduction and advancement of online retailing, the brick-and-mortar retail industry has 

experienced prominent changes during the last decade to in efforts to contribute to and reinforce the 

quest for improvements that enable superior performance. The transition to developing sustainable 

physical retail outlets requires that several tenets of retailing best practices be revised to compete with 

online retailing. 

The overall research question of this thesis is therefore as follows: 

Under which conditions and to what extent do retailers manage to facilitate logistical and customer 

efficiency? 

To address this research question, the thesis reviews the literature and examines efficiency in two 

different directions. In the first setting, the link between inventory efficiency and performance is 

examined in relation to firm characteristics and exogenous explanatory variables. More specifically, in 

addition to general firm-specific characteristics, the effects of chain affiliation and time trends within 

retail chains are examined. The effects of business environment factors on inventory turnover are 

examined on the basis of geographic location and market conditions. In the customer efficiency 

setting, efficiency is studied by observing customers’ in-store behaviours to identify how specific 

customer characteristics in general, and the use of in-store carrying equipment in particular, are 

associated with shopper efficiency. These two avenues for detecting important retail efficiency metrics 

are examined in three individual research papers, all published in international peer-reviewed journals. 

The first paper argues that inventory performance varies between and is correlated with retail chain 

affiliations. It concludes that the examined retail firms, and retail chains in general, experienced a 

negative time trend during the 1998–2013 period, even when firm-specific key financial ratios are 

controlled. 

The second paper examines logistic performance and efficiency, utilizes the information in the 

inventory turnover metric and measures the association with geographic location and market 

conditions. It claims that different elements in the business environment are associated with 

differences in inventory efficiency. In addition, it identifies regional geographic differences and 

suggests that lead time plays a significant role in store performance, depending on the degree of 

rurality of the geographic location. 
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The third paper examines customer in-store behaviour by observing purchases, customer 

characteristics, and the use of carrying equipment (cart, basket, or no equipment) while at the same 

time measuring different in-store behavioural metrics closely related to effort and efficiency 

(convenience). It finds that most shoppers resist using a carrying device and shows that the type of in-

store carrying equipment consistently explains differences in key in-store shopper metrics. In terms of 

customer efficiency, it finds that customers who do not use a shopping device when visiting a retail 

store have lower efficiency in terms of walking distance per purchased item than those using a basket 

or shopping cart. This has important implications for retailers, as shopping trips involving relatively 

few items have increased over the past year and now represent a significant portion of all shopping 

trips in physical retailing. 

The papers empirically demonstrate two different perspectives on efficiency that are important for 

retailers to be aware of. From this customer and retailer perspective, several dilemmas exist that have 

been only partly covered in the three papers. This dissertation aims to discuss some of these dilemmas 

and to demonstrate some of the dualities that exist in the intricate interconnection between the 

customer and the retailer in the pursuit of efficiency. 

Overall, the thesis offers new insights, makes significant contributions to the literature and to retail 

practice in terms of the complex topic of retailer logistical performance and customer efficiency and 

develops a better understanding of some tenets of eminent and sustainable brick and mortar retailing. 

As such, strategies for retailer efficiency and consumer convenience should not be focused merely on 

logistical efficiency or consumer efficiency but should instead be viewed in a balanced way – as a 

duality. This is particularly important in situations where consumers make a trade-off between 

price/assortment and time/effort (convenience). Both price/assortment and time/effort are factors that 

can be significantly affected by retailers’ quest for efficiency. Retailers should therefore be careful to 

increase their efficiency at the cost of consumer efficiency, particularly for segments with high 

willingness to abandon low cost and better selection in favour of a more efficient shopping trip. 
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If economists did not concern themselves with economic efficiency, nobody would. 

-Dennis Holme Robertsen 
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1. Introduction 

Increasingly, the retail industry is becoming an important institution in the intricate machinery needed 

to maintain and develop modern society. The spread of the COVID-19 pandemic once again reminded 

us of how essential it is for this industry to be continuously able to serve the needs of individuals, 

companies and the public. Due to the devastating pandemic event, numerous industries have suffered 

severe supply chain disruptions (Wahba, 2021; Nikolopoulos et al. 2021), leading to problems with 

sourcing and shelf availability. Instability and unpredictability negatively affect financial performance 

(Kovach et al., 2015), and such variations increase the complexity of maintaining efficient operations 

while catering to customer needs. Additionally, the ongoing duration of the pandemic has created 

persistent challenges for businesses, as time is essential to sustain and improve operational 

performance (Ghalayini & Noble, 1996). Additionally, time and effort (convenience) play a vital role 

for customers (Reimers, 2014). This is elegantly summarized by Sorensen, who claimed that 

“Efficiency and convenience is the glue that binds the United States together” (Sorensen, 2017, p. 32). 

From a broader viewpoint, beyond the perspective of customer convenience and the retailer's 

continuous quest for increased efficiency, productivity growth is the main tool that enables 

improvements in the standard of living and welfare (Parmeter & Sickles, 2020). 

This thesis is positioned within the broad literature of economic efficiency and combines two different 

but interdependent research themes: logistics management and customer convenience. The field of 

inventory management has attracted increased attention in recent decades. One reason for this 

emerging interest is that recent studies have empirically identified links between inventory turnover, 

inventory leanness and inventory agility and financial and stock performance (Capkun et al., 2009; 

Shockley & Turner, 2015; Isaksson & Seifert, 2014; Eroglu & Hofer, 2011; Alan et al., 2014). In 

addition, in the field of customer convenience, attention has increased due to research indicating that 

shopper efficiency has a positive relationship with sales (Sorensen, 2017) and that attributes of 

convenience are linked to a rise in profitability (Kumar & Karande, 2000). 

From the overall perspective, this thesis addresses the term “efficiency” in the context of retail firms 

and their customers. Efficiency is, in short, defined as “the performance of the processes transforming 

a set of inputs into a set of outputs” (Førsund & Hjalmarsson, 1974, p. 141). 

Inventory efficiency is most often measured by use of the terms “inventory turnover,” “inventory 

days,” and “inventory leanness.” Previous research has found that inventory turnover, for most 

industries, has a significant association with gross margin, capital intensity and changes in sales (Gaur 

et al., 2005). Studies have also indicated that inventory efficiency varies across different industrial 
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sectors and must be accounted for in empirical analyses (Eroglu & Hofer, 2011; Isaksson & Seifert, 

2014). Economies of scope and scale have also been suggested, as increasing firm size is associated 

with improved inventory efficiency (Kesavan et al., 2016). At present, the effects of other firm-

specific characteristics on inventory turnover have been less widely examined empirically in the 

operations management literature. Although retail chains play an increasingly significant role in the 

markets of developed countries (Kosová & Lafontaine, 2012; Perrigot, 2006), the effects of retail 

chains on store-level inventory turnover have not been empirically examined. 

The most commonly used inventory control models rely on assumptions about lead time for 

optimizing when and in what quantity purchases should be made. Environmental factors such as 

demand density, urbanization and centrality have been found to be important in several firm-level 

efficiency metrics (Aiello & Bonanno, 2016; Ko et al, 2017; Hernant et al., 2007); thus, it is 

reasonable to assume that a store’s geographic location may impact its inventory turnover efficiency. 

However, researchers have not empirically examined the effects of environmental factors on inventory 

turnover. 

Shopper efficiency is a key dimension of customers’ in-store shopping experience (Davis & Hodges, 

2012). In the literature, customers’ in-store efficiency has been measured using different units of 

measurement: deviance between the actual versus the most efficient in-store path (Hui et al., 2009), 

shopping duration in seconds (Sorensen et al., 2017; Bogomolova et al., 2016), in-store travel distance 

(Larsen et al., 2020), actual spending per time unit (minute or second) or the inverse (Davies & Bell, 

1991; Sorensen, 2017), per-item shopping time (Bogomolova et al., 2016), and dollars spent per item 

(Davies & Bell, 1991; Sorensen, 2017; Bogomolova et al., 2016). One of the attributes defined as 

offering customer convenience is the availability of carts and baskets (Reimers, 2014). However, a 

literature review by Larsen & Sigurdsson (2019) shows that only a few studies had examined the 

relationship between carrying equipment and shopper behaviour (e.g., Gil et al., 2009; Seiler & Pinna, 

2017; Van den Bergh et al., 2011). In addition to the scantiness of this body of knowledge, these 

studies have all disregarded the behaviour of shoppers without equipment. Since customers tend to 

make more frequent visits to retail stores and buy fewer items, the number of shoppers without 

equipment is growing, and these shoppers are thus becoming more attractive to retailers. What is 

efficient for the retailer and other customer groups is not necessarily efficient for shoppers without 

equipment. To better cater to this segment, retailers need more insights into how this customer group 

spends time in the store between shopping (buying what they need) and in-store travel (getting 

around). Such insights are essential to develop more efficient solutions that respect the valuable time 

and effort of these shoppers during their time in the store. 
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Acknowledging the difficulties that firms encounter in remaining competitive by maintaining and 

boosting operational performance reveals the need to extend the current body of knowledge and fill 

some of the gaps identified in the literature on inventory and customer efficiency. This forms the basis 

for the research question (RQ) that this dissertation seeks to clarify. 

The RQ to be answered in this thesis is therefore as follows: 

Under which conditions and to what extent do retailers manage to facilitate logistical and 

customer efficiency? 

To further describe the scope of the dissertation, the RQ is divided into three sub-RQs (Q) that align 

with three independent empirical papers. 

Q1 – Paper I: What role does retail chain affiliation play in inventory turnover performance? 

Q2 – Paper II: How do environmental factors impact inventory performance and efficiency? 

Q3 – Paper III: How does shopper efficiency vary depending on customers’ choice of 

shopping equipment? 

In more detail, paper I aims to empirically examine the role of firm characteristics (key financial 

figures), and particularly the role that retail chain affiliation plays in firm-level inventory turnover and 

inventory turnover time trends. Paper II builds on the results of Paper I and elaborates on these 

findings to empirically examine the effects of the business environment on inventory turnover. Finally, 

paper III aims to examine shopper efficiency (basket size/travel distance) and the role of customer 

characteristics (age and gender), with a particular emphasis on the use of carrying equipment (no 

equipment, basket, cart) with control variables for shopping period and shopping time. 

This thesis condenses the main themes in the attached papers, explores the dualism in shopper and 

inventory efficiency and argues that from an overall perspective, a duality exists between customer 

convenience and retailer logistical efficiency. It further discusses in more detail some of the intricate 

dilemmas that retailers must be aware of when strategies are developed and executed. 

The rest of this thesis is organized in two parts. Part I, section 2 outlines a review of the theoretical 

background on inventory efficiency and customer in-store efficiency, and section 3 describes the 

research design and applied methods. Section 4 presents the papers in this thesis. In the fifth section, 

the main results of each of the three papers are discussed in the context of duality, followed by a final 
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part that describes the contributions and implications of this research and suggests directions for 

further research. Part II presents each individual paper in its full-length version. 
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2. Theoretical background 

This section provides a condensed overview of the theoretical background of the concept of efficiency 

and the empirical literature relevant to inventory turnover performance and customer efficiency. 

2.1. The nature of efficiency 

The British politician and author Benjamin Disraeli once wrote, “There can be economy only when 

there is efficiency.” 

This statement supports many basic topics in economic theory and can be understood in a number of 

contexts. Even though the term “efficiency" is frequently used in research, management and daily 

language, no clear and common agreed-upon definitions exist (Neely et al., 2005; Tangen, 2005). To 

further complicate the understanding of the term, it is frequently used interchangeably with 

“productivity.” In this section, an attempt is made to clarify the meanings of the concepts of 

productivity, performance and efficiency. 

The term “productivity” has several interpretations; it has been described from both verbal and 

mathematical perspectives and hence is a multidimensional term with varying meanings that depend 

on the context (Tangen, 2005). Productivity is commonly referred to as the relationship between input 

and output (Heady, 1952; Tangen, 2005). To identify productivity, the effects of production processes 

must be analysed, and in some fields of research, this process is labelled technology, as it depicts the 

underlying production process. The methodology of analysing productivity can be used for any 

economic system, from the firm level to the country level (Heady, 1952; Sickles & Zelenyuk, 2019). 

To assess productivity, a comparison must be made on the basis of either a standard (Førsund & 

Hjalmarsson, 1974), as a change over time, or a comparison with other firms at a certain point in time 

(Tangen, 2005). According to researchers (National Academy of Sciences, 1979), the main areas of 

application for productivity measurements are identifying the need for cost reductions and production 

planning and identifying productivity development over specific periods. 

Efficiency within economics research has been explained as a relative concept that concerns “the 

performance of the processes transforming a set of inputs into a set of outputs” (Førsund & 

Hjalmarsson, 1974, p. 141). More specifically, Neely et al. (2005) argue that efficiency is about how 

well a firm can utilize its resources, or a utilization rate (Tangen, 2005). Within the field of efficiency 

and productivity analysis, economic efficiency is divided into technical and allocative efficiency 

(Parmeter & Sickles, 2020). Technical efficiency refers to the maximum possible outputs from given 
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inputs or minimizing the inputs for given outputs (Kumbhakar & Lovell, 2000), and allocative 

efficiency is the optimal allocation of inputs to maximize outputs. Metrics of the degree of efficiency 

are commonly extracted by specific types of analysis, such as stochastic frontier and data envelopment 

analysis. Moreover, efficiency is intricately connected with the term “effectiveness.” Effectiveness is 

more difficult to quantify (Tangen, 2005), although in the retailer/customer setting, it refers to the 

extent to which a customer requirement is met (Neely et al., 2005). Both effectiveness and efficiency 

are fundamental parts of performance (Neely et al., 2005). Tangen (2005) refers to performance as a 

wide and overlying construct in relation to productivity (and profitability) that partly surrounds the 

terms “efficiency” and “effectiveness,” while performance contains the terms and concepts of 

“quality,” “delivery,” “speed,” and “flexibility.” 

There are a number of commonly used performance measures. Such metrics have been categorized as 

follows: financial measures, measures based on activity-based costing, partial and total productivity 

measures, time-based productivity measures and non-cost performance measures (Tangen, 2003). 

While financial performance measures have existed and been used by firms for decades, Eccles (1991) 

highlights the importance of using nonfinancial information, such as quality, market share, customer 

satisfaction, and customer retention, as metrics for firm performance. 

A subtle yet important dimension of efficiency, productivity and performance is the nature of time, as 

accelerated time performance in businesses is assumed to reduce cost and improve profitability 

(Kumar & Motwani, 1995). It has further been argued that time cannot be borrowed, traded, sold, or 

stored but only consumed, and at a constant rate; it is assumed to be scarce and connected to 

opportunity costs and interest and is therefore fundamental in economics (Klein, 2007). Researchers 

have further implied that time flows in one direction and is irreversible (Klein, 2007). In addition, time 

is important to understanding how phenomena and variables develop over given intervals of time, their 

consistency over time, their functional form and the speed or rate of change in them (Stritch, 2017). 

Within economics, finance and operations management, time is frequently used in statistical models to 

capture time trends and to follow individuals and entities in longitudinal studies. Time is also used as 

an entity of a larger construct, e.g., in variables such as key financial figures. Finally, time is measured 

per se and serves as an independent efficiency measure (Tangen, 2005). 

Other research has focused on distinct avenues for research on time; the first is the mathematical 

approach, as to some degree described in the previous paragraph, while a second category is the 

human ability to experience and communicate the flow of time (Rickles & Kon, 2014). While the 

mutual understanding regarding the nature of time for most practical matters is undisputed, the 
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perception of time at the individual level is another matter. As Núñez & Cooperrider (2013, p. 220) 

remark, “Time is not a monolith, but rather a mosaic of construals with distinct properties and 

origins”. In addition, other research has identified a linear relationship between the judgement of 

temporal intervals and actual time intervals (Allan, 1979) and found that the mean internal time for 

most humans in general is reasonably correct but comes with large variances (Grondin, 2010). Some 

of this deviation in time judgement is linked with the workload or effort needed to perform a task 

(Brown & Boltz, 2002). In addition, time scales are a cognitively challenging task, and we improve 

performance when we think about time in terms of events (Resnick et al., 2012). Within departments 

and organizations, people have wildly different visions of time (Saunders & Kim, 2007). For instance, 

Hornik (1984) finds that customers perceive the waiting time in cashier lines to be longer than the 

actual waiting time and that shopping enjoyment is the only independent variable that explains this 

discrepancy. 

Finally, it should be mentioned that even though most firms and chains have room for improvements 

in efficiency (reductions in inefficiency) (Gauri, 2013), when performance is assessed at the 

microeconomic level (firm level), a firm may be fully efficient based on its own objectives but not 

according to the objectives set in the analysis (Førsund & Hjalmarsson, 1974). 

2.1.1. Inventory performance 

Inventories continue to play a significant role in present-day manufacturing and retail industries, as US 

business logistics costs account for 7.5% of US GDP (Monahan et al., 2017). In addition, the COVID-

19 pandemic has clearly demonstrated the dependence of modern society on reliable supply chains. 

The pandemic has created major supply chain disruptions, as supply has halted due to suspended 

production (Butt, 2021); a surge in demand for medical, food and essential products caused by health 

care needs; and hoarding and panic buying (Singh et al. 2021). 

In this context and at the retail store level, inventory is supposed to act as a countermeasure for 

demand volatility (Baker, 2007; Chopra & Sodhi, 2004) and to cater to instant customer needs 

(Corsten & Gruen, 2003). On the other hand, the costs of holding inventory are linked with the costs 

of capital, storage and handling, obsolescence, damage and deterioration, pilferage/shrinkage, 

insurance, and management costs (Christopher, 2016). To manage an optimal level of inventory, 

inventory control models are used that date back as far as 1913 (Harris, 1990). Many such models 

have since been developed that can be divided into main two categories. The first category is (Q, r) 

models that estimate the optimal quantity (Q) to reorder at a given reorder point (r). The second type 

of model is the periodic review (S, T) model, which aims to set an order that adjusts the stock level to 
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a specific predetermined level (S) at a regular time interval (T). Both groups of models are applied at 

the stock-keeping unit (SKU) level and represent the most detailed disaggregated description of the 

product. Inventory management research continues to identify prerequisites and factors to include in 

inventory control models; see, e.g., Williams & Tokar (2008). 

Financial accounting inventory is reported in levels, and to convert inventory levels to a performance 

measure, two approaches are commonly used. The first calculates inventory turnover as average 

inventory divided by the cost of goods sold. An increasing inventory turnover metric then serves as an 

indicator of improved inventory performance and inventory leanness. The second performance 

measure is inventory days, calculated as 365 days (or another period length) divided by the inventory 

turnover ratio. While the retail industry uses inventory performance measures only for finished goods 

inventories, manufacturing firms are also required to assess such metrics for raw material and work-in-

progress inventories. 

Even though early inventory control models date back over one hundred years, researchers have 

empirically assessed the effects of such models on overall inventory performance at the firm level and 

across industries only for the last few decades. Coinciding in time, other research has empirically 

examined the relationship between inventory management and financial performance and profitability. 

Initially, these studies identified no significant association (Cannon, 2008); however, a pattern of 

relationships has recently emerged that is positive but beyond a certain point may cause performance 

to deteriorate (Rumyantsev & Netessine, 2007b; Shockley & Turner, 2015; Eroglu & Hofer 2011; 

Isaksson & Seifert, 2014). Moreover, for US retail, inventory turnover has been found to predict future 

stock returns (Alan et al., 2014). 

Several important contributions have recently been made to the literature on key financial 

characteristics associated with differences in inventory turnover performance. First, the key financial 

ratio of gross margin has been found to be negatively connected with inventory turnover (Gaur et al., 

2005; Rumyantsev & Netessine, 2007a; Kolias et al., 2011). It has further been suggested that this 

association is connected to and serves as a proxy for retailers’ differences in product price, product 

variety, service level and product life cycle (Gaur et al., 2005). These are important underlying 

variables that are too modest and difficult to access across multiple firms and over time. The product 

price has theoretically been closely linked to gross margins and has been depicted as representing 

policies set by each retailer for markups on individual SKUs or product categories. Theory has also 

indicated that increased product variety leads to larger inventories and allows retailers to achieve 

improved profit margins. Furthermore, increased product variety has in general been found to reduce 
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inventory turnover and has been assumed to be caused by losses from risk pooling (Wan et al., 2020). 

In addition, it should be safe to presume that facilitating customers with increased service levels 

should be accompanied by higher costs that necessitate higher prices. Capital intensity and sales 

growth have also been found to be positively correlated with inventory turnover (Gaur et al., 2005; 

Kolias et al., 2011). Capital intensity is arguably caused by differences in the use of and investments 

in information technology (Cachon & Fisher, 2000; Shah & Shin, 2007), warehouses and logistics 

management systems and other fixed assets (Gaur et al., 2005), while unexpected sales growth is 

assumed to cause inventory levels to fall for the examined period, which also affects the inventory 

turnover ratio (Gaur et al., 2005). The literature has also suggested that retailers with high versus low 

inventory turnover respond differently to demand shocks (Kesavan et al., 2016). Contributing to the 

literature on inventory turnover and the association with factors that help explain differences in 

inventory performance, Eroglu & Hofer (2011) suggest a lean inventory indicator that controls for a 

nonlinear relationship with firm size and industry characteristics. 

Economies of scale have been widely accepted in many areas of economic research. However, beyond 

theoretical inventory control models and simulations that provide valid arguments for such properties 

to also exist in inventory management, less empirical research on this important topic has been 

published. A few notable exceptions have suggested economies of scale in inventory management 

(Rumyantsev & Netessine, 2007a; Gaur & Kesavan, 2009, Eroglu & Hofer, 2011). Economies of scale 

are also portrayed in relation to chain affiliation in terms of purchasing and sales, as retail chains use 

more advanced inventory control systems and offer more standardized products at lower prices 

(Dinlersoz, 2004). In developed countries and in the retail sector, chain stores are an important part of 

the economy (Kosová & Lafontaine, 2012; Perrigot, 2006), as they contribute to productivity gains 

(Doms et al., 2004; Foster et al., 2006). 

The literature also aims to measure time trends in inventory for retail firms. Firm-level data from both 

wholesale and retail firms for the 1981–2000 period indicate that the median number of inventory days 

decreased from 73 to 49 and that the inventory levels for the retail segment started to decline in the 

mid-1990s (Chen et al., 2007). In contrast to these findings, Gaur et al. (2005) find for the 1987–2000 

period that inventory turnover declined by 0.45% annually, which implies an increase in relative 

inventory levels. Similar to the above findings, Kolias et al. (2011) find a 3.4% annual decline in 

inventory turnover for Greek retail for the 2005–2008 period. 

Lead time is of considerable significance in inventory control models, as increased lead time raises 

inventory levels (see, e.g., Das, 1975; Ben-Daya & Raouf, 1994) and thus reduces inventory turnover. 
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Rumyantsev & Netessine (2007a) examine, among other lead times in manufacturing and retailing 

firms for the 1992–2002 period, using days accounts payable as a proxy for lead time and find that 

lead time accounts for approximately 2% of the variance in inventory levels in the pooled sample. 

However, the usefulness of days accounts payable as a proxy for lead time is questioned. 

2.1.2. Customer efficiency 

In the previous section, and based on the current literature, the concept of inventory performance was 

described, and its significance for the retailer was justified. For retailing to be successful, inventory 

performance also must facilitate efficient customer shopping since customer efficiency is as important 

for some customers as efficiency is for the retailer (Heckman, 2017; Sorescu et al., 2011; Larsen et al., 

2020). 

It is generally agreed that time and money are the most important resources that the customer brings to 

the store (Bogomolova et al., 2016; Sorensen, 2017). Others point to shopping speed and ease (Seiders 

et al., 2000) and customers’ intention to conserve time and effort (Berry et al., 2002) or simply 

customer transaction costs (Larsen et al., 2020). It has also been suggested that customers in most 

cases consider shopping a necessity and not a recreational activity (Seiders et al., 2000). The term 

“convenience” has long been debated and undefined by academics (see, e.g., Reimers. 2014; Brown & 

McEnally, 1993), beyond the minimization of time and effort (Burke & Morgan, 2017). The literature 

has made noble attempts to categorize convenience. In the context of customers’ time and effort, Berry 

et al. (2002) conceptualize a model that suggests dividing convenience into five different categories: 

decision convenience, access convenience, transaction convenience, benefit convenience, and finally 

postbenefit convenience. These classifications reflect the stages of activities in which the customer 

participates through his or her purchases. According to Berry et al. (2002), the five different stages 

include the following descriptions and activities related to the perceived use of time and effort: 1) 

decision convenience concerns the decision on whether to buy the product and from which supplier; 2) 

access convenience is the process of acquiring the desired product or service, such as store location, 

parking, opening hours; 3) transaction convenience embodies activities such as ease and fast checkout; 

4) benefit convenience is the perceived time and effort needed to experience the service; and 5) 

postbenefit convenience refers to the need for maintenance, repair, or exchange or simply 

experiencing service failure. Recently, attempts have been made to empirically examine different 

attributes of convenience. Seiders et al. (2007) find that shopping enjoyment significantly relates to 

the service convenience categories suggested by Berry et al. (2002) (decision, access, transaction, 

benefit, and postbenefit). In a retail-specific setting, Reimers (2014) studies customer perceptions of 
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store convenience and lists 25 different attributes that relate department store convenience to shopper 

efficiency (time and effort). His findings further suggest that payment options, checkout, product 

clusters, trading hours, and one-stop shopping are the five most important store convenience attributes. 

In addition, Reimers (2014) identifies the category that comprises attributes such as clearly labelled 

prices, quick and easy checkout and signs that assist the customer to easily locate products as the most 

important, explaining as much as 28% of the variance in search and transaction convenience. 

Understanding service convenience and its antecedents and consequences is important for businesses 

that wish to minimize customers’ time and effort (Berry et al., 2002; Seiders et al., 2007). The 

connection between convenience and shopper efficiency is pronounced, and a convenience attribute 

can be converted into an input/output ratio by use of the key input of concern with time as the 

denominator (Holbrook, 1999). The empirical literature on in-store behaviour and key shopper metrics 

is growing, and several notable contributions have been made. Sorensen et al. (2017) find in a large 

study across several continents and multiple retail formats that most shopping trips in supermarkets 

have a mean length of approximately 25 (median of 17) minutes and include a mean of 15 (median of 

4) purchased items. Sorensen (2017) further argues that there is a need to balance the need for efficient 

customer shopping based on easy access to the most wanted and best-selling products and fast 

checkout with arranging and organizing the store to attract shoppers who want to explore a wider 

assortment. Other research has focused on actual individual in-store behaviour and tracked customer 

walking paths by the use of radio frequency identification (RFID) tracking tags attached to the cart 

that enable software to locate the shopper/cart within the store. In this research, Hui et al. (2009) 

assess the deviations from the optimal walking path and demonstrate that consumers take longer-than-

optimal routes in the store (based on what they buy and where products are located). They find that a 

large number of shoppers deviate from their optimal path due to travel deviations, while the order 

deviation (between product categories) is small. Bogomolova et al. (2016) study in-store behaviour in 

supermarkets and examine several aspects of time from a shopper efficiency perspective. They collect 

data by customer interviews prior to entering the store and after finishing the shopping trip and record 

the shopping time and number of purchased items. They find that older shoppers are less efficient 

(minutes per number of purchased items) than younger shoppers and that on a per-item basis, females 

are more efficient than their male counterparts. In addition, their data show no significant differences 

in shopper efficiency during peak versus off-peak hours. Researchers have also studied differences in 

shopper efficiency for quick trips versus regular trips (Larsen et al., 2020). The findings indicate that 

shoppers on quick trips on average purchase approximately 2.4 items, while shoppers on regular trips 

on average buy nearly 10 items. The paper further finds that several shopper efficiency metrics are 

influenced only by the distinction between types of shopping trip (quick or regular), and some metrics 
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by age. Larsen et al. (2020) argue that the design principles of stores are the hurdle to clear, as quick 

shopping trips are less efficient than regular trips. 

In many cases, at least in practice, there is conflict between the retailer and the consumer regarding the 

quest for efficiency in retail. Such conflicting interests may be caused by retailers with merchandise 

located unfavourably in terms of the preferred travel path and queues at checkout counters, 

particularly during peak hours, as well as the location of frequently bought products at the back of a 

store to improve sales and save on staffing and other costs (Seiders et al., 2000). It is important for 

retailers to improve their understanding of the relationships between forms of convenience to enhance 

customer efficiency, particularly shopping speed, which saves customer time and energy (Seiders et 

al., 2000). In addition, Seiders et al. (2000) argue that convenience is not a static measure but develops 

as the industry improves convenience and that retailers constantly seek to increase their targets to offer 

competitive shopper efficiency. In addition, providing convenience to customers has been found to 

serve as an effective tool to reduce exit intention (Sabine et al., 2009). Despite recent findings on 

convenience and in-store behaviour, the empirical literature on customer time and effort, such as in-

store travel distance, is limited, including knowledge of how attributes of convenience (in-store 

carrying equipment) affect shopper efficiency. 
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3. Research design 

This section describes how each of the papers is connected to the overall RQ, the data collection 

process, and the strengths and weaknesses of the different types of data. Finally, it ends with a 

paragraph on ethical considerations. 

To answer the overall RQ and the three Qs, as stated in the introduction, the scope of the three 

individual papers is described in Table 2. The table also specifies how each of the three papers is 

linked to each of the Qs and RQ and provides a brief description of the types of data used in the 

individual papers. 

Table 2: Overview of papers and their role in answering the overall RQ. 

Appended 

papers 

Scope Relation to RQ Type of data 

Paper I Examines the relationship between 

retail chain affiliation, firm size, and 

time trends in inventory turnover 

performance. 

How is retail chain 

affiliation connected 

with inventory 

turnover 

performance? 

Financial accounting 

panel data containing 

retail chain affiliation. 

Paper II Examines the relationship between 

external factors (regional store 

location, municipal population, 

rurality) and inventory turnover 

performance and efficiency. 

How are business 

environmental 

factors connected 

with inventory 

performance and 

efficiency? 

Financial accounting 

and demographic panel 

data. 
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Appended 

papers 

Scope Relation to RQ Type of data 

Paper III Examines the relationship between 

customer characteristics (age and 

gender), shopping time, the use of 

in-store carrying equipment and 

shopper efficiency (in-store 

behaviour metrics). 

What role does 

shopping equipment 

play in shopper 

efficiency? 

Two independent 

studies: 

Study I: Large field 

observational study on 

the choice of in-store 

carrying equipment 

across retail formats. 

Study II: Large field 

study of entire shopping 

trips utilizing 

observations in 

combination with a 

path-tracking software. 

 

Each paper individually contributes to and portrays different research topics within business research. 

This thesis condenses the main themes in the papers and exclusively emphasizes the construct of 

efficiency, with particular attention to the retail industry. 

The three papers rely on different sources of data that are collected in multiple ways. In principle, the 

papers utilize two types of data: first, financial accounting and spatial and population data derived 

from public sources and second, observational and path-tracking data. In addition, the papers utilize 

various methodological approaches, each individually selected to be suitable for the phenomena 

examined and data needed to answer the RQ. 

The inventory performance data comprise a panel representing 16 years of financial accounting and 

market environment data. The data were from 186 building materials and hardware stores within three 

retail chains. The data collected for use in paper I were from public sources (forvalt.no) and 

encompassed yearly financial accounting data at the firm level. These data also included the number 

of employees and/or full-time equivalents. In addition, for each firm, the chain affiliation was 

collected from public information available online, and these records were later confirmed by each 
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retail chain administration. Additionally, the postal code and NACE/Standard Industrial Classification 

were collected from the online services provided by the Brønnøysund register centre as of the end of 

2013. Therefore, the variables chain affiliation, postal code, and NACE code are nonvarying. Paper II 

used the same data as paper I, with the difference that it also entailed information on store location (by 

postal code) in one of six different national regions. In addition, the study connected each store (by 

postal code) with a municipality. Each municipality was classified to a specific degree of geographic 

centrality as defined by Statistics Norway (1999). In addition, the paper used the yearly municipal 

population (Statistics Norway, 2018). The paper assumed that these variables in sum served as a proxy 

for the effects that stem from the business environment. These two papers were analysed using two 

methods: Prais-Winsten panel regressions for paper I and stochastic frontier analysis for paper II. 

Cross-sectional panels or longitudinal data constitute observations on units (e.g., firms, stores) that are 

recorded for several periods of time. Longitudinal data have three main advantages compared to cross-

sectional data (recorded for only one period): first, they provide a more accurate inference of the 

parameters of the estimated model; second, they have a better ability to capture complex behaviour; 

and third, they can simplify estimation and statistical interpretation (Hsiao, 2007). In summary, 

longitudinal data have the advantage of capturing behaviour in detail, assessing time trends and 

serving as a basis for better predicting and forecasting estimates. 

While panel data have several advantages, as described above, they are also associated with issues that 

should be taken into consideration in the modelling process. In empirical economic panel data, 

missing observations are more predominant than in cross-sectional data due to entities or firms 

entering or leaving the market at different points in time and being unable to respond (Baltagi & Song, 

2006). The datasets used in papers I and II contain missing observations. The papers used different 

techniques to counter such randomly missing data. In paper I, gaps in the data (within firm 

nonconsecutive runs) were identified, and the run containing the fewest observations was deleted, as 

the applied model was unable to efficiently manage such gaps. In paper II, the model supported such 

gaps, and no further action was taken. It is also worth mentioning that the datasets were unbalanced, 

meaning that the starting year of observations (by firm) varied. As all firms included in the study were 

affiliated as of the end of 2013, the analysis did not capture firms leaving the market in the study 

period due to shutting down, bankruptcy or taking part in a merger. This implies that these data are 

prone to survivorship bias, as is common for such data. Ideally, such firms should have been included; 

however, it is difficult, if not impossible, to obtain such data. In addition, as mentioned in the previous 

section, chain affiliation, firm location (postal code), and NACE code are time-invariant variables that 

were collected only at the end of the study period. This implies that changes in these variables, such as 
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firm relocation to another municipality, were not taken into consideration. It should also be noted that 

a few of the firms represented in the data operated more than one store. This implies that some 

subentities (stores) could potentially have been located in other municipalities or could have 

previously had another chain affiliation. 

The observational data used in paper III were collected in two separate studies and grouped into two 

datasets. Study I observed customer behaviour across 15 stores within different store formats and 

gathered information on customer age, gender, and the choice of in-store carrying equipment (no 

equipment, basket, or cart) from the time the customers entered the store until they made the choice of 

what type of carrying equipment to use. Study II, a large-scale observational study, observed 635 

complete shopping trips in a discount grocery convenience store by using in-store cameras that 

covered the entire store combined with state-of-the-art path-tracking software that provided detailed 

information on shopper metrics, such as walking speed, walking distance, store area covered, and 

number of items purchased. Multivariate linear regression was used to extract estimates of the 

relationship among the efficiency variables representing customer in-store behaviour. 

Cross-sectional data are observations across units for a particular period and are the most frequently 

used type of data. The main advantages of such data are generally that collecting them is quick, easy, 

and cheap. The data generation process in study I (paper III) reflected these advantages. However, in 

study II, several hurdles had to be overcome prior to data collection1. The customer behaviour data in 

paper III are quite unique because the study was one of the first to truly observe an entire shopping trip 

and measure important in-store behaviour metrics such as in-store speed, travelling distance, number 

of items purchased, gender, age and choice of in-store carrying equipment. This approach was in 

contrast to studies that used methods such as RFID or Bluetooth (see, e.g., Hui et al., 2013; Phua et al., 

2015) and that targeted only certain groups, thus excluding entire segments of customers and their 

shopping behaviour. The use of video/software technology in paper III countered this potential bias, as 

most segments were included. The technology also benefited from the advantage of being discreet 

 

 

1 Regarding study II in paper III, the thesis authors’ contribution to the data collection process started at the same time as the 

observations began; hence knowledge of the initial application and funding process, agreements related to which store to 

collect data from, sourcing of cameras and software was limited. 
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relative to other methods of observation. Compared to RFID studies, where the chip is located within 

the cart, the methods used in paper III tracked the actual behaviour of each individual shopper and did 

not use the shopping cart as the point of interest. However, the technology used in paper III still had 

some limitations identified with families and groups entering the store and the problem of categorizing 

the main individual to track during the shopping trip, his or her age and gender in relation to other 

individuals in the same family/party, and his or her behaviour and involvement in picking items and 

placing them in the basket or cart. Observing and tracking multiple individuals simultaneously is 

generally challenging and necessitates appropriate resources for such observations and/or software 

adapted for such use. Nevertheless, these issues are also present in RFID/Bluetooth studies. As no 

common approach to recording such instances was identified during the data collection period, such 

observations were disregarded in the analysis, and the study was therefore limited to individual 

shoppers. Moreover, convenience stores frequently offer their customers a choice of two different 

types of basket: a small basket that is usually carried in one hand and a larger basket with four wheels 

that can be pulled behind or pushed in front of the customer or may sometimes be carried by hand. 

The store subject to the observations in study II of paper III offered both types of basket. In the data 

presented in paper III, these types of baskets were merged for practical reasons. It is likely that 

significant differences in the volume, design and practicality of these baskets could affect shopper key 

metrics and thus the estimates. This was not tested in the analysis, and a future study could provide 

further insights into the differences between types of baskets. 

Researchers are increasingly required to reflect on and exercise ethical considerations in their 

research. In Norway, the National Committee for Research Ethics in the Social Sciences and the 

Humanities issues guidelines on research ethics in the social sciences, humanities, law and theology. 

The guidelines are essential for promoting good scientific practices and are based on recognized 

norms for research ethics, regulating research in different areas and in different relationships. In the 

following section, a discussion of ethical considerations is based on NESH recommendations (NESH 

2021). 

The research for the papers and the development of the dissertation were performed in the expectation 

that they would be relevant to the research community and larger society; thus, the results of this 

project were made available to the public. To promote the research, all three papers were published in 

peer-reviewed academic journals with open access outlets. In an early stage, paper II was also 

presented at an academic conference to reach a broader academic audience. In addition, a public 

presentation on the broad term “efficiency” was held during the project. 
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Regarding the use of empirical data, several ethical assessments had to be made, in particular 

concerning social sciences and the humanities, as such data are an integral part of the research process. 

This applies in particular to paper III, as observations of actual customers’ in-store behaviour 

presented specific challenges, such as obtaining and evaluating the variables that were observed and 

later processed empirically. In addition, papers I and II both contained substantial samples of retail 

firms’ financial data as well as, more importantly, a lengthy sample that posed different challenges 

regarding the use of methods and the process of omitting data from the sample. In this process, I have, 

to the best of my abilities, tried to be honest, provide detailed documentation, and be transparent about 

uncertainties in the data collection process, the use of methods and the inferences drawn from the data. 
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4. Presentation of papers 

All three papers emphasize efficiency. The first two papers address efficiency within the operation of 

brick-and-mortar retailers and specifically examine inventory turnover. Inventory turnover is the 

leading key metric of inventory performance visible to competitors, investors, and analysts and is 

easily accessible in public financial statements. In addition, this metric is commonly regarded as a key 

within-business performance indicator and is closely monitored by management at the retail chain and 

store levels. The final paper explores customer efficiency related to customer in-store behaviour. More 

specifically, it examines differences in behavioural metrics such as walking speed, shopping duration 

and number of purchased products dependent on customer choice of in-store carrying equipment. 

4.1. Paper I 

Breivik, J. (2019). Retail chain affiliation and time trend effects on inventory turnover in Norwegian 

SMEs. Cogent Business and Management, 6(1), 1–17. 

Extending the current literature, this paper aims to gain more knowledge of firm characteristics as 

drivers of inventory turnover in retail businesses. More specifically, the paper addresses the effects of 

retail chain affiliation and the associated time trends and examines the effects of economies of scale. 

The analysis is based on an unbalanced panel dataset containing 16 years of financial accounting data 

from three specific Norwegian hardware and lumber retail chains. A Prais-Winston estimator (a 

special case of the feasible generalized least squares) is employed, enabling the paper to control for a 

panel-specific first-order autocorrelation. The main novelty and findings of this study indicate that 

inventory turnover varies significantly among retail chains and over time. Moreover, inventory 

turnover generally deteriorates at 5.2% annually when firm financial characteristics are controlled for 

and 2.3% annually without such controls. In addition, the study suggests that it is important to control 

for the specific industry code when inventory turnover is used as a benchmark across neighbouring 

sectors and even within a limited number of retail chains. 

4.2. Paper II 

Breivik, Jørgen; Larsen, Nils Magne; Thyholdt, Sverre Braathen; Myrland, Øystein. (2021) Measuring 

inventory turnover efficiency using stochastic frontier analysis: building materials and hardware retail 

chains in Norway. International Journal of Systems Science: Operations & Logistics, DOI: 

10.1080/23302674.2021.1964635 
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Extending paper I, this paper aims to increase the understanding of business environmental 

characteristics as drivers of inventory turnover in retail businesses. In detail, the paper focuses on the 

effects of the exogenous business environment, more specifically in terms of market size and 

dynamics, rurality and spatial dependence. The analysis is based on the same unbalanced panel data as 

those described in paper I. However, information on municipal rurality, municipal population and 

store location divided among six geographic regions is appended. This paper relies on stochastic 

frontier analysis that utilizes information modelled by a response (production) function that represents 

the frontier of the best-performing firms and simultaneously estimates the score of (in)efficiency with 

the Battese & Coelli (1995) specification. The main findings of this study are that the market 

conditions in the area surrounding the store impact inventory turnover efficiency and that an increased 

municipal population increases inventory efficiency. The findings also indicate that inventory turnover 

varies depending on location in the six geographic regions and suggest that this variation is associated 

with increased lead time. 

4.3. Paper III 

Larsen, N. M., Sigurdsson, V., Breivik, J., & Orquin, J. L. (2020). The heterogeneity of shoppers’ 

supermarket behaviors based on the use of carrying equipment. Journal of Business Research, 108 

(February 2019), 390–400. https://doi.org/10.1016/j.jbusres.2019.12.024 

The aim of this paper is to acquire extended knowledge of the determinants of shopper efficiency. In 

greater detail, the paper examines the effect of customer characteristics and the use of in-store carrying 

equipment on customers’ in-store behaviour. More specifically, the paper measures in-store behaviour 

metrics such as walking distance, walking speed, number of purchased items and choice of in-store 

carrying equipment (no equipment, basket or cart). The data used in this paper are based on two 

observational studies. The first observed 3520 shopping trips in a broad range of food retailing 

formats, recording customers’ use of in-store carrying equipment and their age and gender. The 

second combined observations and tracking software to capture details of the entire shopping trips of 

635 customers, including their path, age, gender, average pace, and number of purchased items. It 

recorded key behavioural metrics as well as the use of in-store carrying equipment. This cross-section 

of observational data is analysed by multivariate linear regression. The main findings in this paper 

emphasize heterogeneity in shopper in-store behaviour and the association of the use of in-store 

carrying equipment with significant differences in shopper efficiency. Most importantly, the paper 

demonstrates that shoppers without equipment have the least efficient shopping trips, although this 

segment of customers represents the majority of shoppers. 
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5. Discussion, contributions, and implications 

5.1. Discussion 

The objective of the thesis is to develop new knowledge by examining the extent to which retailers 

manage to facilitate logistical and customer efficiency and influencing factors. To answer the overall 

RQ, the thesis builds on the data and empirical analysis described in papers I–III. To achieve the 

objective and to cover the different perspectives, the papers (relative to paper I) use supplementary or 

altogether new data. Furthermore, each paper uses different methods to analyse the key variables of 

interest. 

This section integrates and synthesizes the findings of papers I–III in relation to a broader perspective 

rooted in the complex issues of customer convenience and retailer efficiency. These interconnected 

themes are discussed in the general perspective of duality as described by Giddens (1984). 

Inspired by Giddens and as addressed in the duality of social structure (Giddens, 1984), I find it useful 

to conceive of the customer and the retailer as both mutually enabling and constraining in the context 

of efficiency. The RQ and the empirical findings in paper I–III will therefore be discussed in the 

context of the duality of efficiency in the retail setting and the interdependence between the retailer 

and the customer. 

The mutual interdependence between the retailer and the customer is an interesting and important 

topic for retail managers and analysts to consider and understand. From a general and broader 

viewpoint, the aim of both the retailer and the consumer is to maintain and increase efficiency. One of 

the most salient dualities in the customer/retailer efficiency perspective is their simultaneous roles as 

enabler and constrainer, as both can facilitate and promote change while also restraining development 

and improvements. Obviously, the retailer is equipped with the most tools to address price and 

customer convenience, as it controls the entire sphere of the store and is likely to optimize the retail 

outlet according to its beliefs and knowledge regarding the sweet spot in terms of increasing the 

store’s efficiency while simultaneously catering to customer needs. The customer, on the other hand, 

given the price and convenience provided by the retailer, is in a more advantageous position, as he or 

she can fully or partly accept this transaction cost; alternatively, the customer can switch to a 

competitor (given competition) that can better fulfil his or her wants and needs (Sabine et al., 2009). 

These wants and needs can be viewed as a trade-off between sacrifices and benefits (Payne & Holt, 

2001) or between input and output (Ingene, 1984) and have been described as consumer efficiency 

(Atkins & Kim, 2012; Larsen et al., 2020). 
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Furthermore, it is reasonable to assume that a mutual understanding concerning efficiency exists, at 

least to some degree, between the retailer and the customer. The retailer and the customer can be 

regarded as independent entities that are nonetheless simultaneously dependent upon each other. One 

of the evident dualities in the retailer/customer relationship is the intersection between convenience 

and price, as returns (per minute) from a search are associated with a $2.10 price reward (Seiler & 

Pinna, 2017). This duality is evident (paper III), as shoppers without equipment face less efficiency 

(measured in terms of basket size divided by travel distance) and hence higher transaction costs than 

shoppers using any type of in-store carrying equipment. There is often a trade-off between price and 

convenience in the sense that some inconvenience is involved in achieving a better price (e.g., more 

searching, longer in-store paths). Alternatively, the customer may visit a more convenient retail format 

(e.g., a gas station or corner store), but the convenience then comes at the cost of higher prices and a 

narrower assortment. Another dilemma is the complexity of facilitating efficiency for all customer 

segments since increased efficiency for one segment may result in a reduction in convenience for other 

important groups of shoppers. 

Shopper in-store behaviour metrics such as shopping duration, travel distance and thus shopper 

efficiency (basket size/travel distance), as examined in paper III, could be divided into the behaviours 

of navigation (travelling) and searching (at the shelf) (Larsen & Sigurdsson, 2019). In general, 

consumers in retail stores are trying to maximize the ratio of search gains (value – prices, products that 

satisfy needs) relative to search costs (time) (Seiler & Pinna, 2017; Sabine et al., 2009). This implies 

that customers are trying to maximize their search efficiency by the optimal use of their scarce time. 

When a consumer enters a store, he or she searches for a limited number of products (Inman et al., 

2009), and he or she stops searching and starts to shop when the gain from shopping is outweighed by 

the search costs (Hauser, 2014) because it is not worth spending more time on further searching. This 

implies that the time spent on searching ultimately affects shopper efficiency, and the literature 

suggests several tenets of best practices to decrease search time, such as adding additional shelf 

facings, signalling the most popular (most frequently sold) products and keeping shelfs tidy (Burke & 

Leykin, 2014; Chandon et al., 2009). Navigation, on the other hand, which comprises a major part of 

the time used for customers’ in-store travel (as depicted in paper III), is closely linked with the 

customer walking from the entrance to the desired category, moving between categories, and 

continuing to the checkout area. In-store navigation (in metres) comprises not only the actual metres 

walked but also knowledge of (or search for) where to find the desired category. As store size, store 

design and category location and labelling highly impact travel distance and thus shopper efficiency, 

this also constitutes a duality between customer convenience and retailer efficiency. 
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The use of carrying equipment, as emphasized in paper III, is itself a duality, as it contributes to the 

increased heterogeneity of shopper efficiency. This variance in customer efficiency (basket size/travel 

distance and speed) is by and large supported and amplified by the specific types of carrying 

equipment facilitated by the retailer. Introduced in the 1930s, shopping carts have been regarded as 

retailers’ “greatest salesman” due to their capacity to assist consumers in carrying their chosen items 

to the cashier desk (Grandclément, 2009; Cochoy, 2009). However, this choice has consequences for 

how the consumer can act thereafter; for instance, selecting a cart automatically decelerates customers 

and thus hinders those who wish to complete their shopping as quickly as possible (paper III). 

Although retailers prefer that customers choose carts due to the likelihood of increased sales volume, 

many consumers are on shopping trips for which a cart is not needed and would instead prefer to use a 

basket or no equipment. The choice of specific types of in-store carrying equipment is, however, 

mostly customer-driven (when the wanted options are available), and this choice is related to age and 

gender (paper III) and possibly to individual preferences and shopping goals. This poses a dilemma for 

the retailer. When alternatives to the cart are offered, many customers may choose to shop without a 

carrying device. When the retailer offers alternatives, such as a basket, some shoppers without 

equipment may select a carrying device (which can lead to increased sales), but some who might 

otherwise use a cart may switch to a basket with lower capacity (and sales potential). Furthermore, it 

may prove difficult to provide the desired efficiency across all customer segments. Therefore, some 

kind of prioritization seems to be necessary. As paper III demonstrates, shoppers without equipment 

represent a large and important segment in all store formats (42–66%), and, according to A.C. Nielsen 

store formats facilitating quick trips are growing in volume (Convenience store news, 2018). This 

suggests that retailers should redesign stores to better accommodate improved efficiency for this major 

customer segment (Larsen et al. 2020). This can be considered a major shift in retail orientation, as 

most stores have traditionally been designed to facilitate stocking-up trips. 

The previous paragraphs focus on customer convenience and efficiency (as the focus in paper III is on 

the customer) and portray some dualities in retailer efficiency. The next sections discuss possible 

dualities in the intersection between inventory management and customer convenience (as the focus in 

papers I and II is on the retailer). 

From the retailer perspective, the quest to enhance efficiency (in a broad range of areas) is significant, 

as it is linked with profitability (Gauri, 2013; Foster et al., 2008; Shah & Shin, 2007; Hernant et al., 

2007). This includes the more specific areas of inventory management and inventory performance 

(Shockley & Turner, 2015; Rumyantsev & Netessine, 2007b). 
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Prior to the discussion of the duality of logistical efficiency, a clarification of some of the dynamics of 

the inventory turnover metric is necessary. First, papers I–II use inventory turnover metrics at an 

aggregate level. However, it is also common to use the inventory turnover measure at the SKU level. 

It is important to be aware that the aggregated level of inventory turnover entails a price-weighted 

average of all units in storage, while the SKU-based metric provides a specific performance measure 

for a certain item. This suggests that the aggregate inventory turnover metric is prone to hide the 

complexities in holding inventory. For instance, compared to a high-cost SKU, a low-cost SKU will 

affect the aggregate inventory turnover metric to a lesser extent, ceteris paribus. The aggregate metric 

(more than the single unit measure) also hides variability in SKU-level inventory turnover and may 

include a considerable number of SKUs with problems. Such problems may stem from items being out 

of stock or slow moving and may cause deteriorating service levels that are currently not visible in the 

aggregate inventory turnover ratio. Second, the inventory turnover ratio for most businesses is 

calculated on a yearly basis in relation to financial statements to avoid issues related to seasonality. 

However, in day-to-day business operations, this causes the metric to be stale or to some degree 

obsolete, as it describes the course of action too far back in time to be a good indicator of present 

performance. This could be countered by a more frequent calculation (e.g., monthly) of the metric 

based on the last running 12-month period, with more attention paid to the change ratio of inventory 

turnover. Third, the inventory turnover ratio is not a measure that fits all types of inventories and may 

lack relevance for some types of merchandise, such as luxury products, e.g., Rolex watches, due to the 

trifling cost effects of inventory relative to profit and demand. Fourth and last, the inventory turnover 

metric does not signal the problem of loss of opportunity; that is, it measures actual sales and does not 

provide information on the loss of opportunity in the case of the product not being available on the 

shelf when there is a demand for it (Burke & Morgan, 2017). 

All parts of the inventory management process, including the purchase of products, order 

confirmation, receipt and inspection of products, storage, refilling of shelves, and inventory control 

with its many independent tasks, have the potential to impact retailers (papers I and II) and their 

customers in diverse ways. First, shelf availability is one of the main links that directly connect 

inventory management and customer convenience. The consumer ideally always wants to find the 

desired items available on the shelf, particularly in full spacing, as this reduces search time (Burke & 

Leykin, 2014; Chandon et al., 2009). The retailer, on the other hand, is faced with the intricate 

problem of adjusting inventory levels to align with its product availability strategy. Too little 

inventory results in stock-outs and the problem of lost sales opportunities, as customers may substitute 

other items, delay purchase, or leave the store (Zinn & Liu, 2001), while overstocking leads to 

increased costs. The out-of-stock problem is quite common in retail, ranging from 5% for the best 
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retailers to as high as 12% for the most troubled ones, and constitutes on average approximately a 4% 

sales loss (Corsten & Gruen, 2003). While not as easy in practice as in theory, the remedy for this 

delicate yet important retailer problem is to maximize service levels while simultaneously minimizing 

inventory (Salam et al., 2016). While the out-of-stock situation only affects the inventory turnover 

ratio to a limited extent, except when customers choose a substitute product, overstocking fully 

impacts this efficiency metric. This not only necessitates caution regarding how to interpret the 

inventory turnover ratio but also provides a reason to better understand the duality that exists in this 

context of efficiency. 

Another area of particular interest for both the customer and the retailer is product variety (assortment 

size). In many cases, product assortment strategies are part of defining the retailer’s image. Product 

assortment and assortment size are important for the consumer, as it has been suggested that they are 

related to perceived convenience and search time (Sabine et al., 2009). The retailer must carry a 

minimum assortment size to attract customers, while having too many SKUs may cause customer 

choice paralysis (Chernev & Hamilton, 2009). While product variety increases sales (Wan et al., 

2020), the literature has found that it also increases inventory levels (Rajagopalan, 2013; Wan et al., 

2020) and hence increases costs. Adding to this dilemma of assortment sizing, it has been suggested 

that demand variability is linked with declining sales and increasing inventory (Wan et al., 2020). This 

expresses yet another interdependence in the customer-retailer relationship. Furthermore, increased 

assortment size often results in larger stores being measured in square metres of selling, which 

increases navigation time/distance and thus negatively affects the efficiency of customers buying 

relatively few items. 

Several retailer characteristics (papers I and II) are associated with increasing inventory performance 

(capital intensity, growth in sales, sales), reduction in inventory turnover (gross margin), and industry 

code to move bilaterally. Firm size and economies of scale have long been key topics of economics 

research. The findings in papers I and II support previous studies regarding scale effects in inventory 

turnover in relation to both sales and number of employees (Gaur & Kesavan, 2009) and may be 

connected with reduction in safety stock and centralization of inventory (Eppen, 1979). For the 

customer, economies of scale seem to be important as retail chains grow faster than and capture 

markets from single-unit retailers (Jarmin et al., 2009). Paper II further demonstrates the existence of 

differences in efficiency within different chains and finds that economies of scale are also present for 

inventory turnover (paper II – Figure 5). This implies that the customer and the retailer, particularly 

larger retailers, are increasingly interlinked in the seller/buyer relationship, as these retailers are more 

likely to deliver convenience and price. 
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Regional conditions may also have an impact on both customer and retailer. As paper II demonstrates, 

there are regional differences in inventory turnover, and regions located farther from the main 

logistical hub in southeastern Norway suffer from decreased inventory turnover. Paper II suggests that 

this reduced inventory turnover is linked with increased lead time (Ballou, 2005; Rumyantsev & 

Netessine, 2007a) and hence the need to keep more safety stock, resulting in lower inventory turnover. 

Moreover, environmental factors have been found to impact retail efficiency (Gauri, 2013), and paper 

II identifies population size and municipal rurality as influences on retailer behaviour and inventory 

efficiency. More specifically, paper II recognizes that inventory efficiency varies with the degree of 

municipal rurality and that the most and least rural locations are the most efficient. Once again, this 

could be associated with metropolitan areas in general having larger stores (but a smaller number of 

firms per capita), while rural areas have smaller stores (and a larger number of firms) (Jarmin et al., 

2009) owing to economies of scale. In addition, small retailers suffer a lower continuance rate than 

large retailers (Jarmin et al., 2009), and this demand improves efficiency in maintaining operations. 

Another exogenous factor suggested to explain inventory efficiency (paper II) is municipal population. 

Figure 3 (paper II) clearly demonstrates the significant impact of an increase in population on 

enhanced inventory efficiency. Based on the close connection with economies of scale and rurality as 

well as population size, it should be safe to assume that such stores, to counter deteriorating inventory 

performance, keep a smaller product assortment and, as discussed above, impact customer 

convenience accordingly. 

There are also visible differences in industry practices related to how specific functions are organized 

in the interface between marketing and operations. The role of procurement/purchasing, in particular, 

may cause dilemmas related to issues of product variety versus inventory turnover because increased 

product variety generally reduces inventory turnover (Wan et al., 2020). This provides incentives for 

retail businesses to clarify the mandate of the unit responsible for procurement/purchasing and the 

need to develop an integrated strategy between marketing and supply chain management on these 

relevant topics (Golgeci & Gligor, 2017). 

The essence of the above discussion is that strategies and tactics associated with retailer efficiency and 

consumer convenience should not be siloed and concentrated towards the goal of either logistical 

efficiency or consumer efficiency. Instead, retailer and consumer efficiency should go together as a 

balanced duality, especially in situations where consumers make a trade-off between price/assortment 

and time/effort (convenience). Both price/assortment and time/effort can be significantly affected by 

retailers’ quest for efficiency. Retailers should therefore be cautious of increasing their efficiency at 
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the expense of consumer efficiency for segments with high willingness to opt out of low cost and 

better selection in favour of a more efficient shopping trip. 

5.2. Contributions 

It is important for retailers to identify the sweet spot in retailing, that is, to acknowledge and manage 

the interconnected interests of the customer and the retailer regarding efficiency. 

In summary, the three individual papers (I–III) included as part of this dissertation contribute to the 

body of knowledge in several ways and across scientific disciplines. The main contributions of the 

papers are as follows. While paper I unveils the important role of retail chains in facilitating store-

level inventory turnover performance and development over time, paper II empirically demonstrates 

that regional location and the store operational environment, in relation to rurality and municipal 

population, affect inventory turnover performance, and paper III introduces and empirically examines 

three new customer in-store behavioural metrics (travel distance, walking speed, and shopper 

efficiency) and demonstrates how in-store efficiency for shoppers without equipment deviates 

substantially from that of customers using physical carrying equipment. 

Research on inventory management has grown substantially in volume for decades, with several 

important contributions (see, e.g., Williams & Tokar, 2008). There has also been a growing body of 

empirical research in recent decades on how company-specific factors affect companies' inventories, 

but mainly in manufacturing. In the retail sector, empirical research on inventory performance and its 

development over time has been conducted at both the firm and industry levels (Gaur et al., 2005; 

Chen et al., 2007), with the main interest in examining the effects of inventory on financial 

performance (Eroglu & Hofer, 2011; Isaksson & Seifert, 2014; Shockley & Turner, 2015). In this 

literature, it has been found to be important to control for industry-level characteristics (Eroglu & 

Hofer, 2011). Although retail chains are important institutions in developed economies (Perrigot, 

2006; Kosová & Lafontaine, 2012), the literature on how retail chain affiliation affects inventory 

levels and inventory turnover is scarce. Paper I addresses this gap in the literature, as it empirically 

examines inventory turnover at the store level and identifies significant differences between stores 

affiliated with different chains and over time. In contrast to other research on retail inventory time 

trends (Chen et al., 2007), paper I supports prior research in finding deteriorating inventory turnover, 

both unadjusted and adjusted for capital intensity, gross margin, sales, and sales growth, over the 

1999–2013 period (Gaur et al., 2005; Kolias et al., 2011). 
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Similarly, the literature in the field of inventory and operations management concerning 

environmental factors and their impact on inventory levels and turnover is limited. Paper II contributes 

to the literature by bridging this empirical gap, as it finds that both population and degree of rurality 

are connected with inventory efficiency. Moreover, this paper suggests a close relationship between 

regional store location and inventory turnover, as differences in geographic location likely impact the 

average lead time and thus the need to carry more safety stock, resulting in decreasing inventory 

turnover. While other papers have used the same methods to examine the mediating role of inventory 

leanness in firm operational efficiency (Chuang et al. 2019), to my knowledge, paper II is the first to 

employ stochastic frontier analysis in determining store-level differences in inventory turnover 

efficiency, with inventory turnover being the dependent variable. 

Regarding customer in-store behaviour, paper III enhances the empirically based theory of in-store 

shopper behaviour in the brick-and-mortar retail environment, as it introduces new behavioural 

metrics to the literature and examines these metrics through a large observational study involving 

tracking software. While recent studies focusing on shopper efficiency have used the metrics of store 

coverage, basket size, shopping trip length (Sorensen et al., 2017), and per-item use of time 

(Bogomolova et al., 2016), paper III demonstrates the usefulness of measuring customer effort as 

travel distance per items purchased. The study further argues the importance of controlling for the use 

of shopping equipment, as it significantly affects shopper efficiency. A prior study (Bogomolova et 

al., 2016) claims that women are more efficient shoppers than men (basket size/shopping duration), 

and even though paper III does not exclusively examine the same metric, it examines efficiency 

(basket size/travel distance) and finds no statistically significant gender specific differences except 

that male customers on average walk faster than females. This implies that the estimates of 

Bogomolova et al. (2016) could have been affected by not controlling for the role that carrying 

equipment plays in customers’ in-store efficiency. 

The thesis emphasizes the importance of efficiency for both the retailer and the customer and suggests 

that neither of them exists in isolation. It provides examples of important interconnections that exist in 

relation to inventory and shopper efficiency. Additionally, it points to some of the dilemmas that 

retailers face in providing customers with a competitive level of shopper efficiency and illustrates the 

duality that exists in creating efficiency in the customer-retailer affinity. 

Overall, this thesis focuses on efficiency from different perspectives, contributes to the literature and 

identifies areas for improvements in efficiency. This is important because from a broader perspective, 

removing inefficiencies (increasing efficiency) by better utilization of scarce and costly resources 
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should contribute to productivity growth in society and enable improvements in welfare and living 

standards (Parmeter & Sickles, 2020). 

5.3. Implications for practice 

The findings in papers I–III have several implications for retail practice and the analysis of customer 

and retailer efficiency. First, papers I–II unveil new factors that assist in explaining firms’ inventory 

performance, such as the heterogeneous role of retail chains, regional location, and environmental 

factors, and highlights some of the key variables that help improve logistical and inventory 

management. In addition, retailers’ search for ways to improve their own financial performance by 

seeking to advance inventory efficiency need to be balanced with the needs of customers who have 

increased the value that they ascribe to shopping efficiency. These findings also imply the need to 

assess whether established service levels and logistical and inventory policies are designed to cope 

with heterogeneity in expected customer convenience, different regional locations and variations in 

market conditions. In addition, the findings should be considered when new stores are planned, when 

stores are designed or redesigned, and when the service level is determined in benchmarking activities 

and store performance assessments. 

At present, most retailers are only partially capable of identifying and making the necessary 

operational changes to minimize the conflicting interests related to the main two shareholders of 

efficiency in the retail store setting: the retailer and its customers. The perspective of duality may 

provide a tool to better understand the interconnections of managing and improving the key drivers of 

convenience and retailer efficiency. One such driver of convenience is reported in paper III: the use of 

in-store carrying equipment and the duality of efficiency interests related to the retailer facilitating 

efficiency for shopper in general and the shopper type that most likely seeks efficiency the most – the 

shopper without equipment. 

With respect to customer convenience, retailers should also be aware of customers’ growing attention 

to sustainability. This manifests at the product level, where consumers increasingly claim to be aware 

of and demand healthier and more environmentally sustainable products (Nielsen, 2018). To preserve 

convenience, retailers need to battle the increase in product variety when meeting these demands and 

avoid the issue of unnecessary clutter in the retail space (Sabine et al., 2009). 

It should also be noted that the duality of efficiency from the customer/retailer perspective may be 

visible in the way retail organizations are organized, that is, the degree of interconnectedness between 

the marketing department and logistics department. An improved mutual strategy between these 
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departments could counter the negative effects on inventory turnover that stem from increased product 

assortment, as previous studies have suggested (Wan et al., 2020; Golgeci & Gligor, 2017). 

In summary, instead of choosing one efficiency perspective (retailer/customer) at the expense of the 

other, managers should view both efficiency perspectives simultaneously, as they complement each 

other, and seek dynamic solutions to counteract any conflicting interests. These implications are 

particularly important to retail chain and store managers, inventory managers, planners, marketers and 

analysts. 

5.4. Directions for future research 

Even though each of papers I–III contributes to important topics of retail efficiency and the overall 

scope of this dissertation provides a fresh perspective on the duality of interests within the 

retailer/shopper connection, several avenues exist for developing new and compelling knowledge 

within these specific research fields and for the retail industry. 

One avenue for future research regarding the topic of in-store behaviour is using a mixed-methods 

research design. This research design combines quantitative and qualitative research, such as 

interviews or questionnaires and observations. Related to the specific design used in paper III (study 

2), a survey prior to entering the store that examines the motivation for and purpose of the shopping 

trip could possibly help understand how shopper intention and motivation are connected to actual 

customer in-store behaviour. More specifically, in a seminal paper on improving the analysis of 

customer in-store behaviour, Granbois (1968) emphasizes the importance of collecting data based on a 

combination of interviews and observations to capture planned versus actual behaviour. Such data are 

valuable for the industry and researchers, as they provide information on customer intentions and 

motivation and the relationship with actual behaviour. In addition, observing each shopper multiple 

times, dependent on different modus operandi (motivation and purpose), could indicate how stable 

efficiency within each customer segment is and whether new store formats should be developed to 

justify adjustments in product variety, product or product category location, store layout, etc. 

In relation to inventory turnover, paper II identifies some spatial dependencies present in the data. 

However, further knowledge of how inventory turnover is connected with exogenous factors is 

needed. The utilization of more detailed data in combination with improved methods to extract spatial 

dependence from inventory performance is a more appropriate route to better understand how such 

factors actually and empirically impact business operations. 
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This research further demonstrates the need for more interdisciplinary work that specifically addresses 

the dilemmas, paradoxes and dualities in the connection between the customer and the retailer in the 

quest for improved convenience and efficiency. 
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