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Abstract

Each year, 1.3 billion tons of food produced for human consumption are lost or go to waste
globally throughout the food supply chain (FSC). Increasing the efficiency of the entire FSC
is an essential action in achieving food security for the global population, which includes
reducing the amount of food lost and wasted. This thesis aims to contribute with rich insight
into if and how contemporary information systems in grocery stores, which are part of the
FSC, are supporting expiration date tracking and if they are contributing to reducing food
waste. The study was carried out as a case study in three grocery stores, applying the task-
technology fit model as its theoretical framework to guide the study and analyze the empirical
results. The study found that the expiration date tracking systems in the grocery stores
supported them in tracking expiration dates considering the measurements of task-technology
fit since they sufficiently support and fulfill the needs of the users’ tasks, but that there is still
room for improvement. The study also found that, according to the users’ perceptions, the
grocery stores using expiration date tracking systems were able to prevent more food waste

when using the systems in comparison to if they would not have been used.

Keywords: expiration date tracking software, food waste, information system, task-
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1. Introduction

Each year, 1.3 billion tons of food produced for human consumption are lost or go to waste
globally, which represents one-third of the total amount produced (FAO, 2011). The Boston
Consulting Group estimates that annual food loss and waste (FLW) will amount to 2.1 billion
tons by 2030, equivalent to 66 tons per second (Hegnsholt et al., 2018; Martin-Rios et al.,
2021).

Food loss and waste is a major global challenge from ethical, social, economic, and
environmental perspectives (FAO, 2013). Nearly 2.37 billion people did not have access to
adequate food in 2020 (FAQ, 2021), and in contrast, 1.9 billion people over 18 were
overweight in 2016 (World Health Organization., 2021). These coexisting issues of food
scarcity and excessive consumption constitute both ethical and social aspects of FLW
(Martin-Rios et al., 2021). It is also an economic issue since the 1.3 billion tons of food lost
and wasted annually is worth approximately $1.2 trillion (Hegnsholt et al., 2018). Regarding
environmental aspects, the food industry is responsible for emitting 26 percent of the global
anthropogenic greenhouse emissions, where 6 percent is the result of FLW (Martin-Rios et
al., 2021; Poore & Nemecek, 2018a). In addition to greenhouse emissions, which are
comparable to that of the aviation industry (Poore & Nemecek, 2018b; Ritchie, 2020; Sinclear
et al., 2021), FLW also means wasted resources in terms of water and land use as well as and

an unnecessary negative impact on biodiversity (FAO, 2013).

The terms “food loss” and “food waste” describe the decrease in the quantity or quality of
food within different steps of the food supply chain (FSC): on-farm post-harvest/slaughter,
storage, transportation, processing and packaging, wholesale and retail, and consumption
(households and food services). Food loss occurs during all steps in the FSC from on-farm
post-harvest/slaughter leading up to the retail level, and food waste occurs during the last
steps; wholesale, retail and consumption (FAO, 2019; Vilarifio et al., 2017).

Grocery stores and supermarkets are included in the retail step of the FSC (FAQO, 2019), and
their role in reducing food waste is emphasized by several studies (Aschemann-Witzel et al.,
2015, 2016; de Moraes et al., 2020; Mena et al., 2014; Neff et al., 2015). In the effort to
reduce food waste, proper storing and tracking of the food is essential (Huang et al., 2021;
Kulikovskaja & Aschemann-Witzel, 2017) and many stores have routines in place consisting

of a number of tasks to manage inventory and prevent food waste. To support these routines,



grocery stores can use expiration date tracking software (Huang et al., 2021). For food items
nearing their expiration dates, a common measure is to discount their prices in an effort to
prevent food waste (Huang et al., 2021; Riesenegger & Hiibner, 2022). The tasks of
expiration date tracking and discounting items close to expiration are often intertwined and

will both be included in the expression “date-checking routine” in the context of this thesis.

1.1 Problem

Melville (2010) argues that information systems are important tools for organizations seeking
environmental sustainability, and Agerfalk et al. (2022) argue that the IS field needs research
that informs the academic discourse and supports the development of digital practices and
intelligent services to mitigate climate change. To tackle the environmental, social, ethical,
and economic problems linked to food waste, increasing the efficiency of the entire food
supply chain (FSC) is a critical action that includes reducing the amount of food lost and
wasted (Caldeira et al., 2019; Foley et al., 2011). For grocery stores, one important
preventative measure is, as mentioned in the previous section, to track their products’
expiration dates. Kulikovskaja and Aschemann-Witzel (2017) conclude that more focus might
be placed on developing technologies that potentially reduce food waste and that further
research evaluating the effectiveness of different types of food waste preventative measures is
needed. Exploring if and how the information systems are supporting the routines and the
reduction of food waste can therefore be argued as an important topic to investigate in the
pursuit of increasing the efficiency of the FSC. An underlying interest of this study is also to
find potential appreciated features. These could serve as suggestions for improving expiration

date tracking software that does not already include these features.

1.2 Research question

This qualitative study poses the following research question based on the problem description

above:

“How may contemporary information systems support expiration date tracking

and the reduction of food waste in grocery stores?”



1.3 Related research and contribution to the field

The number of studies investigating strategies to prevent food waste in grocery stores and the
role of information systems used to support prevention strategies seems to be quite limited.
However, three studies of particular relevance to this thesis stand out. These studies
investigate multiple food waste prevention strategies in grocery stores. Two investigate and
evaluate different prevention strategies, both concluding that the mitigation option to discount
products close to their expiration date has the potential to reduce food waste, and one
identifies preventative measures and explores to what extent they are practiced. Riesenegger
and Hibner (2022) map out the dilemma of many grocery retailers where they are facing a
trade-off between high availability to increase attractiveness on the one hand, and the
financial, social, and environmental impacts of overstock on the other. The study investigates
how to proactively reduce food waste through better planning before using valuable
mitigation strategies such as dynamic pricing, sustainable waste streams, and secondary
usage. The focus of the study is to suggest proactive measures, but it also finds that as a
mitigation option, the discounting of selected products based on environmental and cost
factors has the potential to prevent food waste. One identified area of countermeasures to
reduce food waste highlights the importance of efficiency, ease of use, and availability of
information systems to assure efficient assortments and inventory. These results suggest that
the level of efficiency, ease of use, and availability of information systems, included in the
topic of this thesis, is a relevant subject to research. Horo§ & Ruppenthal (2021) investigated
potential food waste prevention strategies in grocery stores from a grocery retail store owner’s
perspective. This study similarly found that the most appropriate preventative strategy,
according to the store owners, is to reduce the price of items close to their expiration dates.
The importance of investigating how contemporary information systems support this process
in grocery stores can therefore be seen as further recommended. Kulikovskaja and
Aschemann-Witzel (2017) identified what food waste preventative measures existed in
Danish grocery stores and explored to what extent they were actually practiced. The focus of
the study was not to evaluate the food waste preventative measures as in the other two studies.
However, the study concluded that further research evaluating the effectiveness of different
types of food waste preventative measures is needed. This also further suggests that studying
if and how information systems are supporting food waste prevention routines is an important

topic to investigate.



Another subject relating to food waste prevention in grocery stores is the replenishment of
products. Replenishment is not the main subject of this thesis but is brought up and briefly
discussed in relation to date-checking and price reductions of items close to expiration since
they are both food waste preventive measures used in grocery stores. A study investigating
the effects of automatic replenishment found that it reduced the amount of food waste when

compared to manual replenishment (Kiil et al., 2018).

This thesis contributes to this discourse by providing rich insight into if and how
contemporary information systems support expiration date tracking and if they contribute to
reducing food waste in grocery stores. The results can be seen as an empirical contribution to
the IS field in accordance with Agerfalk and Karlsson (2020), providing details about
contemporary information systems supporting expiration date tracking, which has previously

been covered to a limited extent.

1.4 Delimitations

Three main delimitations have been made to narrow down the scope of this thesis. First, the
study only investigates the systems and practices used for refrigerated goods since this is a
product category that needs frequent date-checking (Kérkkainen, 2003). Second, the
conducting of the empirical research is limited to three different grocery stores in Uppsala,
Sweden, belonging to three different grocery store chains. Third, the study only thoroughly
investigates the prevention strategy of expiration date tracking and discounting of food items

close to expiration, not replenishment.

1.5 Outline

The structure for the remaining thesis begins by chapter two extending the introduction. This
is done by presenting and further explaining central concepts related to the topic of the thesis.
Chapter three begins by describing the theoretical framework and continues with a discussion
and justification of its use in the study. Chapter four thereafter presents the research method,
data gathering and analysis techniques, the scope and generalizability of the data, a
methodological reflection, and ethical considerations. In chapter five, the empirical results
and analysis are presented. Tasks, technology, and routines are presented followed by an

analysis where the theoretical framework is applied. The chapter is concluded with a



presentation of the most appreciated features in the expiration date tracking systems and a
discussion of the interplay between the expiration date tracking systems and automatic
replenishment systems. The thesis is then concluded with chapter six, where the results are
discussed and the conclusion presented. This is done by revisiting the research question,

discussing limitations of the study and potential further research, and by a concluding remark.
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2. Background and central concepts

In this chapter, the central concepts relating to the thesis topic are presented and described

more in-depth.

2.1 Price reductions and expiration date-based pricing

The application of price reductions is a widespread practice to avoid food waste in grocery
stores (Kulikovskaja & Aschemann-Witzel, 2017) and plays a large and potentially beneficial
role in the efforts to reduce the food waste (Aschemann-Witzel et al., 2019). Price reductions
used for food nearing its expiration date, that is slightly damaged, or unappealing looking are
called expiration date-based pricing (Theotokis et al., 2012). These foods are sometimes also
called “imperfect”, “abnormal”, “ugly”, or “suboptimal” (de Hooge et al., 2017). Suboptimal
food is defined as edible but perceived to differ from “optimal” or “normal food” because of
the food being close to its expiration date or because of appearance (de Hooge et al., 2017).
The advantage of reducing the price for suboptimal food, for example food that is close to its

expiration date, is that it helps the store to reduce its food waste (Gruber et al., 2016).

2.2 Expiration date tracking software

Expiration date tracking software is used by many grocery stores to keep track of the
expiration dates in their inventory (Miller, 2021). It most often works by having the nearest to
expiration date or dates registered for each product. The software then notifies the user of
which products to check when a certain number of days before the expiration date is reached.
The limit of days before expiration for when to notify the user is often set for each product or

product category by the user.

2.3 Automatic replenishment software

Automatic replenishment software is often used by stores to calculate quantities of products to
order. The software bases the calculations on the stores’ transactional information which can
for example be sales data, waste data, and batch sizes (Donselaar et al., 2010). The order can

either be a proposal that a user needs to approve or not (Donselaar et al., 2010), or placed
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automatically without any user involvement.

2.4 EAN

EAN is in everyday speech often called a barcode. EAN stands for European Article Number
and is a barcode standard used since the 1970s to identify a specific product type, in a specific
packaging, from a specific manufacturer (GS1, n.d. -b). It is part of the international standard
called GS1 which was created when EAN, the US UCC, and its Canadian equivalent merged
(GS1, n.d. -a).
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3. Theoretical Framework

In this section, the theoretical framework will be presented and explained, and its use in this

study will be discussed and justified.

3.1 Task-Technology Fit

Goodhue and Thompson (1995) presented a model focused on the fit between user task and

technology called the Technology-to-Performance Chain (TPC). The core of this model is the

idea that information technology must be utilized and be a good fit for the tasks it supports to

positively impact individual performance (Goodhue & Thompson, 1995). The theory in this
core part, or subset, of the TPC is called Task-Technology Fit (TTF) and focuses on
evaluating to what degree system characteristics match user task needs (Goodhue, 1995;
Goodhue & Thompson, 1995). The TTF subset model, depicted in figure 1, consists of five
features: task characteristics, technology characteristics, task-technology fit, utilization, and

performance impacts (Goodhue & Thompson, 1995).

Task Performance
— —

Characteristics Impacts

Task- ] T

Technology Fit

Technology

— —>  Utilization

Characteristics

Figure 1 - Task-Technology Fit subset model (Goodhue & Thompson, 1995)

Task Characteristics

Goodhue and Thompson broadly define a task, in this context, as an action carried out by an
individual to turn input into an output. Task characteristics of interest to investigate are the
ones that might make a user rely more significantly on specific aspects of information

technology. One example would be the need to answer several various and unpredictable
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questions about company operations. This would make the user depend more significantly on
the capacity of the information systems to process database queries for operational
information (Goodhue & Thompson, 1995).

The three measurements for task characteristics are called non-routineness, described to
measure "lack of analyzable search behavior", interdependence with other units of the
organization, and job title. After empirically testing the model, Goodhue and Thompson
(1995) found that non-routine tasks had the strongest effect on TTF. Individuals engaged in
more non-routine tasks were found to rate the information systems they used lower on
multiple TTF measuring dimensions: data quality, data compatibility, data locatability,
training/ease of use, and authorization. The reason for this was the non-routine nature of their
jobs, forcing them to constantly use the information systems to tackle new problems, which
caused them to make more demands on the systems and be more aware of shortcomings. The
testing also found that the interdependence of job tasks influenced the perceptions of the TTF
measuring dimensions compatibility and reliability. The dimension of job title was found to
affect two of the TTF dimensions, authorization and compatibility, where the data was found
least compatible by lower and middle-level staff and managers. This was consistent with the
authors' proposition that lower and mid-level users are more affected by data incompatibilities
than upper-level management, who often are shielded from hands-on difficulties of merging
data from multiple sources. Management was also found to obtain authorization more easily
(Goodhue & Thompson, 1995).

Technology Characteristics

The model views technologies as tools used by individuals when carrying out tasks. In
information systems research, technology refers to computer systems and user support
services supplied to help users in their tasks. These are for example data, software, hardware,
helplines, and training. The intention of the model is to be general enough to either focus on
the impacts of a specific system or more widespread impacts of an entire set of systems,

policies, and services provided by an IS department (Goodhue & Thompson, 1995).

The two dimensions for measuring technology characteristics are the particular systems used
and the department of the individual. These two dimensions together were significant

predictors for four of the TTF dimensions. The department of the individual was found as a
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significant predictor of production timeliness and training/ease of use. One possible
explanation for this was that if a department is more powerful or strategically more important,
they might experience more training and up-to-date systems that are easy to use. The
dimension of systems used was found to be a significant predictor of reliability and
locatability. This is explained by expecting that some systems are better than others for

system reliability or locatability of data (Goodhue & Thompson, 1995).

Task-Technology Fit

Task-technology fit is the degree to which technology helps an individual perform their tasks.
It is the correspondence between task requirements, individual abilities, and the technology's
functionality (Goodhue & Thompson, 1995)

The eight dimensions for measuring the task-technology fit are data quality, locatability,
authorization, compatibility, timeliness, reliability, ease/training, and relationship with users
(Goodhue & Thompson, 1995). All measures for these eight dimensions are listed in
Appendix B. Task-technology fit predicts higher performance impact regardless of why it is
utilized. A system with a higher level of TTF will result in better performance, regardless of

its level of utilization, since it more closely fulfills the task needs of the individual.

Utilization

Utilization is the behavior of using technology when completing tasks. ldeally, it should be
measured as the proportion of times users choose to utilize systems, but this was very difficult
for Goodhue and Thompson (1995) to ascertain. The aspect of mandatory use was also a
problem, as use of a system may be mandatory as a part of a job task. Their solution to this
problem was to conceptualize utilization as “the extent to which the information systems have
been integrated into each individual’s work routine”, whether by organizational mandate or
individual choice. This reflected the institutionalization of the systems or choice to accept

them, whether individual or organizational.

The dimension for measuring this conceptualization is perceived dependence, measuring how
dependent users perceived themselves to be on the systems available in their organization
(Goodhue & Thompson, 1995). Goodhue and Thompson (1995) proposed that user
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evaluations of task-technology fit would influence individual utilization of information
systems, but the support for the positive links in their study were not statistically significant
enough. Some path coefficients were found to be negative, indicating that users who are less
positive about their relationship with IS and who find the system less reliable will be more
likely to use the system. They discussed that a more compelling interpretation of this contrary
behavior could be that the causal effects could work in the other direction through a feedback
mechanism, explaining that frequent users who are dependent on a system will be more

affected and frustrated by system downtime and the performance impacts that follow.

Performance Impacts

In this context, performance impacts relate to an individual's accomplishment of a portfolio of
tasks (Goodhue & Thompson, 1995). Higher performance is, for example, indicated by higher

quality, improved effectiveness, and/or improved efficiency.

The dimension for measuring performance impacts is perceived impacts (Goodhue &
Thompson, 1995). An objective measure of performance impacts was not available in this
context, and across different individuals with different tasks it would not have been
compatible. The results from the empirical testing of the model found that 14 percent of the
variance in performance was explained by TTF alone, while 4 percent was explained by
utilization. TTF and utilization together explained 16 percent of the variance. The tests
therefore found that performance impacts are a function of TTF and utilization together, and
not utilization alone. Performance impacts will also increasingly depend on TTF rather than

utilization when the use of the system is not voluntary.

3.2 Discussion and motivation of the choice of theoretical framework

The theory of TTF tested and developed by Goodhue and Thompson (1995) focuses on
individuals’ use of IS. They establish TTF as an important concept for explaining and
assessing IS success (Goodhue & Thompson, 1995). Related studies support the TTF model
as a relevant concept for predicting individual performance (Goodhue et al., 2000), assessing
the value of an IS (Goodhue, 1995), and predicting information system utilization (Dishaw &

Strong, 1998). Multiple aspects of the TTF concept are also supported as relevant for
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evaluating IS in general (Ferratt & Vlahos, 1998; Goodhue, 1995, 1998; Goodhue et al., 1997,
Goodhue & Thompson, 1995).

There are several other theoretical frameworks within the field of information systems
developed to study system implementations in organizations besides the TTF model. Two of
the more well-known are the Technology Acceptance Model (TAM) (Davis, 1985) and the
DeLone and McLean Information Systems Success Model (D&M model) (DeLone &
McLean, 1992, 2003). The D&M model is multidimensional and interrelated, consisting of

99 Gy

the seven dimensions “information quality”, “system quality”, “service quality”, “intention to
use”, “use”, “user satisfaction”, and “net benefits”. The model evaluates the system quality
through the dimensions of information, system, and service quality. These will in turn affect
the intention to use, use, and user satisfaction. The net benefits are a result of the utilization of
the system, and these net benefits will, in a feedback loop, influence the continued use of the
system and user satisfaction (DeLone & McLean, 2003). The task-technology fit theory
agrees with the D&M model in that utilization leads to individual performance impacts.
However, the TTF model goes beyond the initial D&M model by emphasizing the importance
of task-technology fit in explaining how technology impacts performance (Goodhue &
Thompson, 1995), which could be argued to still be true for the updated D&M model since
task-technology fit was not added as a dimension. TTF has an important role in the use of
technology, users’ perceptions of ease of use, and performance, according to Jeyaraj (2022),
who also states the importance of IS developers and designers prioritizing technology
capabilities that are consistent with user tasks to facilitate use and adoption. Even if quality
and usability influence technology use (DelLone & McLean, 2003; Venkatesh & Davis, 2000),
users are not likely to adopt a technology that do not fit their tasks, which implies that the
development and design is best driven by user tasks (Jeyaraj, 2022). The dimension of TTF is

therefore seen as significant to evaluate in the context of this study.

The technology acceptance model suggests that an individual’s intention to use a system is
determined by the users’ perceived ease of use and perceived usefulness of the system, where
the intention to use serves as a mediator of the actual use of the system (Davis, 1985).
According to results found in a study by Brown et al. (2002), TAM is suggested to provide
limited explanations of acceptance when the use is not voluntary. The results indicate that the
relationship between attitude and behavioral intention is not significant, which is assumed to

underlie the model. When utilization is not voluntary, performance impacts are increasingly
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dependent upon task-technology fit rather than utilization, and it was found that task-
technology fit predicts performance impacts better than utilization alone (Goodhue &
Thompson, 1995). The TTF model is, therefore, slightly more well suited for this thesis since
the use of the systems studied is not voluntary but highly incorporated into the employees'
work tasks. The TTF model still investigates the dimension of utilization but in combination

with the dimension of task-technology fit.

To identify possible gaps between the user needs and system characteristics, a diagnostic tool
is more useful if it consists of dimensions beyond general constructs such as relative
advantage, usefulness, or user satisfaction. The TTF model includes more detailed constructs,
such as systems reliability, compatibility, and data quality, that have the ability to identify
these gaps more specifically (Goodhue & Thompson, 1995). This aspect makes the TTF
model better suited for trying to answer the research question posed in comparison to the
D&M and TAM models.
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4, Method

This chapter presents and discusses the selected research method, data collection and analysis
techniques, the scope of the empirical data, and generalizability. The chapter ends with a
section reflecting upon possible limitations stemming from the selected research method and

techniques used.

4.1 Research methodology

This study aims to empirically explore if and how contemporary information systems are
supporting expiration date tracking, and if they are contributing to reducing food waste in
grocery stores. To reach this goal, a deep understanding of the information systems and how

they are used needs to be gained. Three sub-goals are therefore formulated as follows:

- Understand how the information systems are used in the grocery store
- Understand if and how the information systems fit the tasks of the expiration date
tracking

- Understand if possible improvements can be made

The study will be carried out as a case study, which enables the phenomenon to be studied by
the researcher in its natural context, making it possible to make use of the existing
experiences (Barratt et al., 2011). A case study is well suited for understanding a real-life
phenomenon in depth, where this understanding encompasses critical contextual conditions
because they are highly relevant to the phenomenon of the study (Yin, 2009). To gain and in-
depth understanding of the information systems used for expiration date tracking, and how
they are used, the case study methodology is appropriate since the object of the study is a real-
life phenomenon where its natural context is highly relevant to the understanding of how the
information systems fits the users’ tasks. In contrast to an experiment, where the phenomenon
is deliberately separated from its natural context (Yin, 2009), the case study method is

therefore better suited.

Single- and multiple-case studies are two different forms of case study design, where either
one or multiple cases are studied. According to Yin (2009), the single-case study can be an
appropriate design under several circumstances. It could for example be when a single case

represents the critical case in testing a well-formulated theory, a unique or extreme case, a
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representative or typical case, a revelatory case, or a longitudinal case. In comparison, the
multiple-case study design has specific advantages and disadvantages. The evidence from
multiple-case studies is often deemed more compelling, and the overall study is therefore
considered more robust. On the other hand, the rare case, critical case, and revelatory case are
likely to only involve one case. Moreover, a multiple-case study can require more time and
resources than what is available to a single researcher or student. A decision to conduct a
multiple-case study should therefore not be taken lightly. Considering that this study is
conducted within the scope of a master thesis conducted by a single student, the time and
resources are deemed a bit too limited to carry out a multiple case study. The study is
therefore conducted as a single-case study where the unit of analysis is the case of expiration
date tracking software and related information systems used by grocery stores to reduce food

waste.

The case study method of this thesis has an interpretative approach. Therefore, the aim is to
understand the information systems context and the processes whereby it influences and is
influenced by the information systems (Walsham, 1993). To guide this study, the set of seven
principles suggested for conducting and evaluating interpretive field studies in information
systems by Klein and Myers (1999) were applied. These principles are summarized below and

their application in this study are described in the following sections of this chapter.

1. The Fundamental Principle of the Hermeneutic Circle

From the philosophical perspective of hermeneutics, the most fundamental principle
of hermeneutics is that of the hermeneutic circle, and that it is fundamental to the
following six principles. This principle proposes that all human understanding is
reached by iterating between reflecting on the interdependent meaning of parts and the

whole they form.

2. The Principle of Contextualization

This principle is intended to let the audience see how the investigated current situation
emerged, which requires critical reflection of the historical and social background of

the research setting.

3. The Principle of Interaction Between the Researchers and the Subjects

This principle requires the researcher to critically reflect on how the research data
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were socially constructed through the interaction between researcher and respondent.

4. The Principle of Abstraction and Generalization

This principle requires the researcher to relate the details revealed by the data
interpretation to theoretical, general concepts that describe the nature of human

understanding and social action. This is done by applying principles one and two.

5. The Principle of Dialogical Reasoning

This principle requires keenness to potential contradictions between the findings from
the data and the theoretical preconceptions directing the research design, which should

be done by subsequent revision cycles.

6. The Principle of Multiple Interpretations

This principle requires keenness to the potentiality of participants having different

interpretations of the same studied sequence of events.

7. The Principe of Suspicion

This principle requires keenness to narratives from participants being systematically

"distorted" or "biased".
(Klein & Myers, 1999)

The interpretative researcher has the challenging task of getting access to other people's
interpretations, filtering these interpretations through the conceptual apparatus of the
researcher, and providing a version of events back to others (Walsham, 1995). Here, the
principle of interaction between the researcher and the subjects (Klein & Myers, 1999) have
been taken into consideration. Walsham (1995) identifies two roles of the researcher: the
outside observer and the involved researcher. None of the roles should be considered an
objective reporter since the researchers’ subjectivity is involved in the data collection and
analysis. It is therefore important that the role of the researcher is defined since it is an
intricate human process (Walsham, 1995). This case study has been conducted with the
researcher taking on the role of the outside observer. This role means keeping more distance
from the employees in the studied organizations, which will tend to result in the employees

considering the researcher to be an outsider and not one of themselves. One of the benefits of
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this approach is that the researcher is not considered to have any personal stake in the
outcome or interpretation of the study, which often leads to employees being relatively honest
if trust can also be created (Walsham, 1995).

4.2 Data gathering techniques

The primary source of data in this study are interviews. The initial plan was also to conduct
observations of the users in the grocery stores while they used the information systems, but
due to the capacity and time of the stores, they could not accommodate it. However, with
respect to this being an interpretive case study conducted by an outside observer, Walsham
(1995) states that interviews can be argued to be the primary data source since the researcher
can best access participants' interpretations of events through interviews. The interviews were
held with users of information systems in grocery stores used to reduce and prevent food

waste through expiration date tracking and related task.

The interview was structured to have an introduction explaining the purpose of the interview,
a set of general questions about the respondent and their working experience and position at
the grocery store, a set of questions relating to the dimensions of the TTF model, and
questions about their perception of potential areas of improvements. Two different interviews
were designed to interview store assistants and managers, respectively. The majority of the
questions were the same, but the questions regarding perceived performance impact were
formulated to fit the different roles. The construct measures of TTF presented by Goodhue
and Thompson (1995) were used as a guide and starting basis for formulating the interview
questions to make use of previous knowledge (Walsham, 1995). The questions belonging to
the construct measures were adjusted to fit a qualitative interview since they were originally
formulated for quantitative data collection. Questions asking the same thing as a previous
question to control the survey respondents’ answers were removed or incorporated into one
question, and they were also reformulated to questions from the original statement format. At

least one question per construct measure was included in each interview.

The interviews were semi-structured, which is the most common type of interview in
qualitative research in information systems (Myers & Newman, 2007). The reason for
choosing the semi-structured interview format was to gain a deeper understanding of the

social situation as the respondents had the opportunity to develop their answers. This was
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important for obtaining in-depth knowledge about the use of and processes related to the
information systems. In each interview, a balance in interview style was sought to be achieved
between over-direction and excessive passivity (Myers & Newman, 2007). This was done by
letting the respondent develop their answers freely and asking follow-up questions, and at the
same time choosing these follow-up questions to direct the interview back to the topic if the
discussion moved too far away from it. The interviews were conducted this way to attempt to
ensure that the richness of interpretation was kept, while at the same time not being too
passive which could result in the respondent thinking that there was a lack of interest or

competence on the part of the researcher (Walsham, 1995)

All of the interviews were recorded using either a mobile phone for face-to-face interviews or
the recording function in Zoom for interviews conducted by video call, which provided a full
description of what was said. Notes were taken on a computer during the interviews, filling in
the interview sheet for each respondent. These notes were then written up in full, using the
recording, after the interview. Less time was needed for transcribing/extracting useful data
from the interviews by supplementing the recording with note-taking during the interview
(Walsham, 1995). The respondents were all asked in advance if they accepted that their
interviews would be recorded. To make them as comfortable as possible with being recorded,
the interview questions never included the name of the store where they work to keep the
respondent's anonymity. These choices regarding the documentation of the interviews were
made with the intention to capture the respondents’ interpretations as effectively as possible

while keeping the normal social interchange of the interview.

The interviews, extraction of useful data, and analysis were done iteratively, and each
respondent was interviewed twice. All questions that came up during the extraction of data
and analysis from each first interview were collected and compiled to new interview sheets
and asked during the second interviews. The respondents were also shown an earlier version
of the systems overviews, presented in section 5.2, which was discussed to update any faults
and confirm that this interpretation was consistent with the perception of the respondent. This
type of member checking is one of the most required forms of validation of qualitative
research (Glesne & Peshkin, 1992; Lincoln & Guba, 1985; Stake, 2005).
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4.3 Methods for data analysis

After the preparation of the empirical results from the first interviews, an initial exploration of
the data was conducted. This exploration of the data resulted in an initial presentation of the
empirical results and questions to be asked in the second interviews. The aim of this part of
the data analysis was to create an understanding of the data and look for potential recurrent
issues or themes. The research question was used to guide the exploration, and the theoretical
framework was used as a template for grouping the empirical results into categories. After the
preparation of the empirical results from the second interviews, the presentation of the
empirical data was revised and continued to be prepared for deeper analysis, where each of
the constructs in the theoretical framework was used to analyze the empirical results from the
stores and compare them to each other. Reoccurring themes and concepts were also identified
and analyzed by applying each dimension of the theoretical framework. Through the
iterations of analysis, the interdependent meanings of the respondents and their roles, the
stores, and the dimensions of the theoretical framework were all reflected on both as parts and
the whole that they form. These iterations were based on the fundamental principle of the
hermeneutic circle (Klein & Myers, 1999), and created a deeper understanding of the studied

concepts for each iteration.

The theoretical framework was used in the study as a guide to design the study and has aided
the analysis by creating a template to categorize the data. TTF has mainly been applied in
quantitative studies but also in qualitative studies such as this (Furneaux, 2012). Walsham
(1995) describes how theory can be a valuable initial guide in a study but points out the
danger of using theory too rigidly and only seeing what the theory suggests, potentially
suppressing new issues and paths of exploration. This discussion is consistent with the
principle of dialogical reasoning (Klein & Myers, 1999), and both have been regarded in the
cycles of analysis to try to ensure that contradictions to the theoretical framework are not

overlooked.

The principles of multiple interpretations and suspicion (Klein & Myers, 1999) were also
taken into consideration when conducting the data analysis. Different interpretations of the
same task in the same store for example were noted and revisited in the second interviews in
order to reach an understanding of if the task actually was different depending on the role of

the employee, experience, or similar aspects, or if it was simply interpreted differently. The
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same was done regarding the principle of suspicion (Klein & Myers, 1999), where the store of

the employee, their role, and similar aspects were taken into consideration.

The aim of the data analysis is to answer the research question. The research method therefore
followed a multi-grounded theory approach to be able to combine both a theory-driven and
empirically driven analysis (Goldkuhl & Cronholm, 2010). The theoretical framework has
been used to guide the design of the study and the formulation of interview questions, and
conclusions are drawn from both the empirical data analyzed by applying the theoretical

framework and from the empirical data alone.

4.4 Scope of empirical data

This study was conducted in three different grocery stores, where each studied store is part of
different large grocery store chains. One of the stores has been more thoroughly studied and
the other two have been studied for reference. These are called the “main studied store”,
“reference store A”, and “reference store B”. The main studied store and reference store A are
supermarkets, and reference store B is a smaller grocery store. The contexts that the systems
are used in are different both due to their sizes and the different grocery store chains they
belong to, and it is therefore important to take this into consideration and contextually
understand how the information systems are used in each store, in accordance with the

principle of contextualization (Klein & Myers, 1999).

Both store workers and managers were interviewed to gain a deep understanding of the tasks
and routines involved in the tracking of expiration dates and the information systems used to
carry out these tasks, and managers to also gain an understanding of the overall organizational
performance impacts of the information systems relating to expiration date tracking. The
empirical results focus on the departments of the store with refrigerated goods since these are

products in frequent need of expiration date tracking.

Both convenience and purposive sampling were used as sampling strategies for this case
study. These sampling strategies were chosen to suit the limited time frame of the research
project and because it enabled the researcher to select respondents likely to produce the
valuable data based on their known attributes (Denscombe, 2010). Convenience sampling was
applied by contacting potential respondents from recommendations by professional and

personal contacts. They were then contacted and asked what department they worked in, how
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long experience they had, and if they would be willing to be interviewed. The respondents
were then chosen based on their relevance and knowledge about the topic as according to the
purposive sampling technique. All the respondents are working in grocery stores where they
themselves are conducting a date-checking routine or managing a store or department

conducting a date-checking routine.

Store Role Department interviewed about Interviews
Main studied store  Store Worker Charcuterie and cheese department 2
Main studied store  Store Worker Charcuterie and cheese department 2
Main studied store  Department Manager Charcuterie and cheese department 2
Reference store A Store Manager The whole store 2
Reference store B Store Worker Dairy department/Whole store 2

Table 1 - Overview of the respondents

The interviewed employees at the main studied store the employees have varying degrees of
experience. The manager of the charcuterie and cheese department started part-time as a store
worker for six months and was then promoted to take on the role as manager for one year.
One of the store workers work part-time in the charcuterie and cheese department as a store
worker and has had this role for nine months. The other store worker worked part-time in the
fruit and vegetable department for three years and full-time in the charcuterie and cheese
department as a store worker for one year. The store manager of reference store A has been
working there full-time as a store manager for eight months, and the store worker in reference
store B had been working at the store full-time for one year and part-time for four years in all

departments of the store.

The whole research project, including a research proposal, the design and execution of the
case study, the extraction and analysis of the data, and the general writing of the research, was

conducted for approximately five months.
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4.5 Generalizability

Walsham (1995) describe that social sciences differ from natural science because social
structures do not exist independently of their human agents' conceptions and actions.
Generalizations in social science from an interpretative standpoint should be considered
"explanations of particular phenomena derived from empirical interpretive research in specific

IS settings”, which can be valuable in other contexts and organizations in the future.

According to Walsham (1995), there are four types of generalizations from interpretative case
studies: the development of concepts, the generation of theory, the drawing of specific
implications, and the contribution of rich insight. The latter is the type of generalizations that
can be gained from this study. This category of generalization is designed to capture insights
from case studies not easily categorized as specific implications, theories, or concepts

(Walsham, 1995), which fits well with the design of this case study.

The insights presented in this case study focus on making the reader understand the tasks,
characteristics of the stores, and the information systems used so that the reader could be able
to relate if in a similar situation. The fundamental tasks of the date-checking routine are for
example presented and generalized in section 5.1, where the reader is given an opportunity to
relate, which creates transferability. These generalized tasks are most likely applicable to
many other stores since the need to manage expiration date of products is quite fundamental
in a grocery store. Even if a very limited number of stores with different characteristics have
been researched in this case study and the results of the study stem from evaluating their
respective fit between tasks and technology, the final insights focus on the general aspects of
how these types of information systems support expiration date tracking and the reduction of
food waste. By generalizing the tasks and discussing the characteristics of the stores and their
information systems, valuable explanations relevant to other stores and situations could be

gained.

The principle of abstraction and generalization (Klein & Myers, 1999), presented in section
4.1, is complied with by applying the principle of the hermeneutic circle (Klein & Myers,
1999) as described in section 4.3, the principle of contextualization (Klein & Myers, 1999) as
described in section 4.4, and by relating the insights of the study to the task-technology fit
model and general concepts. The generalizations of the study are related to the details of the

case study in the way they were collected, enabling the reader to understand how the insights
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were gained by the researcher.

4.6 Methodological reflection

There are possible limitations stemming from the selected methods presented and discussed
above. Semi-structured qualitative interviews are well suited for this case study, as described
earlier, but have potential problems as a data gathering technique (Myers & Newman, 2007).
For example, respondents are asked to give or create opinions during a limited time which
could result in them creating opinions that they never really held strongly before the
interview. It is also possible that respondents that do not know or trust the researcher choose
not to share information that they consider sensitive (Myers & Newman, 2007). There is also
the risk of respondents constructing knowledge during the interview since they are asked to
reflect on issues that they might have never explicitly considered before (Fontana & Frey,
2005; Holstein & Gubrium, 1995). The respondent might construct a consistent and logical
response to a question or issue not considered before to appear rational and knowledgeable
(Myers & Newman, 2007). These aspects could have affected the completeness, reliability,
and correctness of the gathered data in this study as a result of respondents possibly

answering questions incorrectly or insufficiently.

The chosen role of the researcher, the outside observer, also has some disadvantages. The
researcher will for example not get a direct understanding of the studied organizations from
the inside since she is not present on many occasions compared to the involved researcher.
The same issue as when there is a lack of trust can also arise for the outside observer, as she
might sometimes be denied access to information regarded as too sensitive to share
(Walsham, 1995). This could also have affected the completeness of the data gathering, which
in turn could have had an effect on the empirical results and analysis when evaluating the use

of the information systems.

4.7. Ethical considerations

A very important aspect of research ethics concerns questions about how participants are
treated (Vetenskapsradet, 2017). Before the interviews, all participants in this study were
informed of the intent of the study. They were also sent an overview of the interview

questions and an informed consent form with information about their rights as respondents. In
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the information sent out, the participants were informed that they were encouraged to ask
questions if there were any terms used that they did not understand and that they had the right
to choose not to answer specific questions. They were also informed that they had the right to

cancel the interview at any time without having to give an explanation.

The respondents were given the opportunity to ask any questions before the interview began
and before giving their informed consent by signing the informed consent form (Appendix A).
All respondents were also informed that they would be kept anonymous and were asked for

permission to record the interview.
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5. Presentation and analysis of empirical results

This chapter will present and analyze the empirical results of the study. In line with the
research approach, the empirical results are a compilation and interpretation of the staff's own

accounts and interpretations.

There are several routines set in place for the continuous operations of the grocery stores.
These routines each consist of a number of tasks. All three grocery stores have a routine to
track expiration dates and to replenish products. The tasks of expiration date tracking and
discounting items close to expiration are both included in the expression “date-checking

routine”. The routine to replenish products will be called the “replenishment routine”.

All studied stores have a specified number of days to define when an item with an expiration
date is “close” to expiration. The expressions “close to expiration” and “close-to-expiration
date” will be used to describe this in the following chapters. The words “product/s” will be
used to describe a certain type of product, for example a certain type of cheese from a certain
brand. The words “item/s” will be used to describe an instance of a product, for example one
package of cheese of this certain type from this certain brand. For example, “There are three

products on the shelf with 10 items of each product”.

This study was, as mentioned above, conducted in three different grocery stores where one
has been more thoroughly studied and the other two have been studied for reference.
Common aspects of the empirical data from the three different stores are presented together,
and other parts of the empirical data is presented separately divided by store. The store more
thoroughly studied is called the “main studied store”, and the two stores studied for reference

are called “reference store A” and “reference store B” respectively.

5.1 Presentation of the date-checking routine and related tasks

This section will present an overview of the tasks without relating them to specific
information systems used. This information is related to the feature “task characteristics”
from the TTF model. The general and basic tasks in the date-checking routines are the same
for all three studied grocery stores and is presented here in the section “The general date-
checking routine”. Depending on the store, a store worker, manager, or both carry out the

date-checking routine. Common tasks of the managers related to the date-checking routine
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and the replenishment routine of the three studied grocery stores are presented in the section
“The managers’ common tasks”. These are then followed by sections describing more

specific tasks, routines, and goals in each studied store.

The general date-checking routine

The basic task characteristics of the date-checking routine, without relating the tasks to the

use of a specific information system, are:

1. Check items to locate the ones close to, at, or past their expiration date
2. Discount the price of items close to or at their expiration date

a. Print and attach a label with the discounted price for each item
3. Remove items from the shelf that have passed their expiration date

a. Register the items as waste

b. Dispose/take care of the expired items

Outside of conducting the actual date-checking routine the store workers and managers also

kept an eye on the dates in the shelf as they restocked them with new items, putting the

newest items in the back and making sure the ones closest to expiration was in the front. This

routine helped them find any items close to or expired that had been missed during the date-

checking routine.

The managers’ common tasks

The department and store managers are very involved in the date-checking routine themselv
by setting the routine, being aware of the expiration dates of the items on the shelf, and also

carrying out the date-checking routine. In addition, the department managers are also

€s

responsible for updating the assortment of products based on how well they sell. If a product

frequently reaches its specified close-to-expiration date and do not sell after a price reductio
the manager of the department is responsible for removing the product from the assortment

and sell the last remaining ones on the shelf.

The department managers are responsible for the replenishment routine. For the majority of
the products in the store, the calculation of quantities to order is managed by an automatic

replenishment system which also places the orders automatically without the manager havin

n,

g
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to approve them. It is the general responsibility of the department managers and store
manager to adjust the available settings of the automatic replenishment systems to optimize
them. For items not ordered by the automatic replenishment system, a department manager
decides the quantities to order based on the current stock balance, sales statistics, and their

experience of how well the product sells.

The department manager is also responsible for arranging overall price reductions or
campaign for a product if the store worker or manager discovers a larger quantity than usual

reaching their close-to-expiration date at the same time.

The general task characteristics of the managers, relating to the date-checking routine and the
replenishment routine, without relating the tasks to the use of a specific information system,

are:

- Relating to de date-checking routine
o Arranging overall price reductions or campaigns for a product with a larger
quantity than usual going to or having reached their close-to-expiration date at
the same time
- Relating to the replenishment routine
o Setting/changing a quantity-related parameter used for deciding when or how
many new items of a product should be ordered

o Manually ordering products

Specific routines for the main studied store

The goal of the grocery store chain regarding the charcuterie and cheese department is to have
as few items close to expiration as possible. The date-checking routine was therefore carefully
planned, continuously improved, and often discussed amongst the store workers and manager
of the department. The date-checking routine is carried out every morning by a store worker

or department manager before opening.

The number of days defined as “close” to expiration date is decided centrally by the grocery
store chain and vary depending on the product. Cheese for example is defined as close to
expiration when there are seven days left, whereas sausage is defined as close to expiration

when there are two days left. When items reach the date where they are defined as close to
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expiration, the prices of the items are reduced. The company’s guideline for the price
reduction was to reduce the price by 25 percent for items close to expiration, but the store can
tailor this if they want. As a result of too few items with a 25 percent price reduction selling,
the charcuterie and cheese department reduced the price of items close to expiration by 50
percent instead. They could also reduce the price by more than 50 percent if they made the
assessment that the product or products would not be sold otherwise. This decision could be
made by both store workers and managers and the focus and goal was always to sell the items
even if this meant a greater reduction in price rather than risk the items not being sold with a

smaller price reduction.

The department manager is responsible for the replenishment routine. For the most part, the
calculation of quantities to order is managed by an automatic replenishment system which
also places the orders automatically without the manager having to approve them. The
responsibility of the manager is to set a limit of how low the stock balance should become
before the system orders new items of a product. About 20 percent of the products sold by the
charcuterie and cheese department cannot be ordered by the automatic replenishment system,
but have to be ordered by phone by the department manager who decides the quantities to
order based on the current stock balance and their experience of sales trends and how well the
product sells. Orders by phone are placed every day except for weekends. Some of the
products sold in the charcuterie and cheese department are not ordered by themselves, but by
the dairy department. The manager of the charcuterie and cheese department therefore have to
communicate specifications and quantities of the orders to be made to the manager of the

dairy department.

Specific routines for reference store A

Reference store A have clearly defined food waste goals specifying an amount for each
department of the store to try to limit their food waste to. These goals are set centrally by the
grocery store chain. The date-checking routine is carried out every day in the departments
with refrigerated goods, bread, and flowers. For the remaining departments it is done a couple
of times a week. The date-checking routine is only conducted by someone in the management
team of the store who have received proper training to avoid any mistakes being made. This is

most often a department management but sometimes also the store manager. A store worker
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not part of the management team will not carry out the date-checking routine. The store

managers responsibility is to know and manage the routine.

The number of days defined as “close” to expiration is decided centrally by the grocery store
chain for each product. When items reach their close-to-expiration date they are discounted by
a percentage set centrally by the chain, and when an item reaches its expiration date it is
further discounted to around or under acquisition price to make it considerably cheaper than
the original retail price. Both price reductions are made with the goal of getting the items sold
rather than having to throw them away as food waste. Since the percentages of the discounts
are centrally set, the store worker or department manager carrying out the date-checking

routine does not themselves decide how much to discount the price by.

The department managers are responsible for the replenishment routine. The majority of the
replenishment is managed by an automatic replenishment system which calculates the
quantities to order and places the orders automatically. It is the responsibility of the
department managers to set a value of “the optimal stock balance” which the automatic
replenishment system takes into account when calculating the quantity for replenishment.
Some products cannot be ordered by the automatic replenishment system, but have to be
ordered manually by the department manager who decides the quantities to order based on
guidelines formulated centrally by the grocery store chain. These orders are placed through
the handheld computer. The manager is also responsible for arranging overall price reductions
or campaign for a product if the store worker or manager discovers a larger quantity than

usual reaching their close-to-expiration date at the same time.

Specific routines for reference store B

The store worker at reference store B do not have a clear perception of any overall goals of
the grocery store chain related to food waste. The routine to check for items close to
expiration is conducted in the morning four times a week in the meat and charcuterie

department and three days a week in the dairy department.

The date defined as close to expiration is decided by the store manager and varies depending
on the department. Besides the general guidelines for the department, the store can wait to
reduce the price of items that usually sell regularly until one day before expiration, and for

items not selling regularly they can reduce the price earlier than the general guideline. The
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specific guidelines for price reductions were set by each department manager of the store, but
the general guidelines are to not reduce the retail price to less than the acquisition price, to
reduce it by 30 percent if the item was three days away from expiration, and 50 percent if it
was less than three days away from expiration. However, the store workers had quite free rein
to choose by how much the price of an item should be reduced and base their price reductions

on experience.

Each department manager is responsible for the replenishment routine in their respective
department. For the most part, the calculation of quantities to order is managed by an
automatic replenishment system which also places the orders automatically without the
manager having to approve them. The responsibility of the manager is to set a limit of how
low the stock balance should become before the system orders new items of a product. About
10% of the products in the store, mostly locally produced products, are not ordered by the
automatic replenishment system but by phone. The producers of the local products often call
the store to ask how much they want delivered. A department manager decides the quantity
based on the current stock balance and their experience of how well the product sells and
sales trends around for example holidays, and then places an order. The manager is also
responsible for arranging overall price reductions or campaign for a product if the store
worker or manager discovers a larger quantity than usual reaching their close-to-expiration

date at the same time.

5.2 Presentation of the information systems

The overall structure for the systems that are used for or related to date-checking are quite
similar between the three stores. This section presents the information systems used by each
store for date-checking and replenishment and how these communicate with each other. This

information is related to the feature “technology characteristics” from the TTF model.
Systems used by the main studied store

An overview of the systems used by the main studied store is presented in figure 2, where the
arrows represent the direction of information transfer. For example, the handheld computer
receives information about the stock balance from the automatic replenishment system and
sends information to the automatic replenishment system when food is registered as waste,

updating the stock balance.
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Figure 2 - Systems Overview of Main Studied Store

In figure 3, the same overview of the systems is presented but with specifications of which

systems are used when conducting the date-checking routine.
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Figure 3 - Systems overview of main studied store with specification of systems used during date-checking routine

The expiration date tracking system used was purchased by the grocery chain company for all
stores around 2018. The system is downloaded as an app to tablets that the store workers use
to carry out the date-checking routine in the store. It works by having the closest expiration
date of each product registered and alerting the user when action is needed based on these

dates.
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The main home screen on the app presents all the departments of the store (for example dairy,
charcuterie and cheese, deli, fruit etc.) and a count of how many products that need to be
checked in each department. The store worker clicks on the department they want to check

dates in to enter the product view of that department.

In the product view of the selected department, the products are listed on half the screen with
a small color indication next to the product name. When clicking a product in the product
view, the other half of the screen display the specifications of that product. The details shown
are a picture of the product, its EAN-number, expiration date, and number of days until
expiration. The buttons for changing/updating the closest expiration date of the product and
marking the product as having a reduced price are also displayed here. If this color indication
of a product is green, it means that the closest expiration date of this product is getting near
the close-to-expiration date. This indication is used by the store workers to become aware of
large quantities of a product about to expire. If the number of items with this expiration date
in the shelf is greater than what the department estimates will sell before the close-to-
expiration or expiration date is reached, the store worker can alert the manager to make an
overall price reduction of that product to try to increase the chances of all items being sold
before the expiration date. If the color indication is orange, it means that the closest expiration
date of this product has reached its close-to-expiration date. The task of the store worker is
then to check if items with this expiration date are still on the shelf and in that case reduce
their price. This is done by scanning the EAN-barcode on the item with the handheld
computer to print the new price and EAN-barcode labels and marking the product as “price
reduced” in the expiration date tracking system. If there are no items left on the shelf with the
expiration date registered in the expiration date tracking system, the store worker looks for the
next closest expiration date in the shelf and updates the registered closest expiration date it in
the system. If there are more items close to expiration than usual of a product, the store
worker would make a department manager aware of this so that they could decide if they
should make an overall price reduction or campaign for that product. If the color indication is
red, it means that the closest expiration date of this product is reached. The task of the store
worker is then to check if these items are sold or still on the shelf. If they are all sold the store
worker looks for the next closest expiration date and updates/registers it in the expiration date
tracking system. If there are items still on the shelf the store worker takes these down and
registers them as waste in the handheld computer. The next closest expiration date is then

updated/registered in the expiration date tracking system by the store worker.
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The handheld computer with scanner is used by the store worker to register price reductions
of items, print new price labels for those items, and to register expired items as food waste. To
register a price reduction of an item the store worker selects the “price reduction mode” on the
handheld computer, scans the item EAN-barcode, enters the price reduction in percent, and
chooses the amount of new price labels to print depending on if there are multiple items of the
same product to reduce the price of or not. The new labels are then printed by the label
printer. When registering food waste in the handheld computer, there are different “waste
reasons” to choose from, i.a. “expired”, “broken”, and “demo”. To register expired items as
food waste the store worker selects the “food waste mode” and the waste reason “expired” in
the handheld computer and then scans all the expired items. The automatic replenishment
system registers this decrease in the stock balance caused by the item being registered as

waste and no longer being available for sale.

The label printer is used to print new price labels. One specifying the new reduced price in a
larger font and the regular retail price in a smaller font underneath, and label one with the new
EAN-barcode for the reduced price. It is wirelessly connected to the handheld computer and

prints labels on request.

The product management system keeps track of all store sales and the record of all products
with information including all products in the store, their acquisition and retail price, and
campaigns. It is used by the automatic replenishment system to get data of sales, which is one
of the parameters for calculating the replenishment quantities. When the department wants to
do an overall price reduction of a product or campaign, mentioned earlier, the manager will
use a computer with this product management system installed on it to create and print the

sign informing the customers about the reduced price.

The automatic replenishment system is used for the replenishment of products. This system
calculates what quantities to order based the current stock balance, recent sales, sale trends
from previous years, how the product is displayed in the store, and additional parameters. The
system calculates quantities and places orders automatically without any employee
involvement, but the manager sets a limit of how low the stock balance should become before
the system orders new items of a product. The current stock balance of the store is kept in the
automatic replenishment system and is updated by the product management system if items

are sold, and by the handheld computer if items are registered as waste. The replenishment by
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the system is done continuously.

Systems used by reference store A

An overview of the systems used by reference store A store is presented in figure 4.

Handheld computer with
scanner and expiration
date tracking system

Label printer

Store management
and automatic

ordering system

Figure 4 - Systems Overview of Reference Store A

In figure 5, the same overview of the systems is presented but with specifications of which

systems are used when conducting the date-checking routine.
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Figure 5 - Systems overview of reference store A with specification of systems used during date-checking routine



The handheld computer has an expiration date tracking system that is used for checking the
dates of all refrigerated products in the store. According to the store manager it was developed
by or for the grocery store chain and works by having the user register and update the closest
and furthest expiration dates of each product and alerting the user when action is needed
based on these dates and the number of days considered as close to expiration centrally
decided by the grocery store chain for each product. To avoid human error, the system has
built in threshold values if a user mistakenly tries to enter an expiration date of a product that
is outside the reasonable shelf life of that product. The system displays the different
departments of the store and a count of how many products need to be checked. The products
that need to be discounted or removed from the shelf are displayed according to the layout
and the order of the store. The layout is set in the system for each store of the chain so that the
system is tailored to each store. When the user wants to discount an item, she/he selects the
option “discount price” and the label printer then automatically prints the new labels. The
discount is decided beforehand, so the user does not need to enter it manually. When an item
is registered as food waste it is done using the handheld computer which communicates this

back to the store management system.

The label printer is used to print a new price label for the items being discounted. The label is
printed with the discount, new price, and new EAN-barcode. It is wirelessly connected to the

handheld computer which sends the order to print.

The store management and automatic replenishment system keeps track of the stock balance,
all store sales, and the record of all products with information including all products in the
store, their acquisition and retail price, and campaigns. The automatic replenishment system is
used for the replenishment of products. This system calculates what quantities to order based
the current stock balance, when these items expire, and how much the store has set as its
optimal stock balance. The system calculates quantities and places orders automatically
without any employee involvement, but the manager sets and updates the optimal stock

balance.
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Systems used by reference store B

An overview of the systems used by reference store B store is presented in figure 6.

Handheld computer
with scanner
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label printer
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Figure 6 - Systems Overview of Reference Store B

In figure 7, the same overview of the systems is presented but with specifications of which

systems are used when conducting the date-checking routine.
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Figure 7 - Systems overview of reference store B with specification of systems used during date-checking routine

The handheld computer is used by the store worker to register both items with reduced price
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and expired items. There are different “waste reasons” to choose from when registering food
waste in the handheld computer, i.a. “short date”, “expired”, “shipping damage”, and “broken
by accident”. To register expired items as food waste the store worker selects the “food waste
mode” and the waste reason “expired” in the handheld computer and then scans all the
expired items. The warehouse system registers this decrease in the stock balance caused by
the item being registered as waste and no longer being available for sale. When the store
worker needs to reduce the price of an item close to expiration these are also registered as
food waste, so the store worker selects the “food waste mode” and the waste reason “short
date” in the handheld computer, scans the EAN-barcode of the item, enters the number of
items to reduce the price of, prints new labels and puts them on the items, and puts the items
back on the shelves. This is registered by the warehouse system as a decrease in the stock
balance, the same as for expired items, which means that the warehouse system is not aware

of the items still being on the shelf with a reduced price.

The warehouse system keeps track of the stock balance and all sales of the store. Whenever an
item is sold or registered as any type of food waste, the warehouse system deducts this from
the stock balance. When the store gets a delivery, each freight pallet has a QR-code on it
specifying its contents and quantities which is scanned and registered by the warehouse
system. The warehouse system keeps track of all product information including their
acquisition and retail price. This information is also available through the handheld
computers. The warehouse system is also responsible for the automatic replenishment of
products to the store. It calculates what quantities to order based the current stock balance,
recent sales, and sale trends from previous years. The system calculates quantities and places
orders automatically without any employee involvement, but the manager sets a limit of how
low the stock balance should become before the system orders new items of a product. The

replenishment by the system is done continuously.

The manual label printer is used to print new price labels for all type of products with a fixed
price. The store worker manually calculates the new price then prints the label. This label has
no EAN-barcode but states the new retail price. When an item with this type of price label is
bought the cashier manually enters the price and type of product/product category instead of
scanning the original EAN-barcode on the item. The registered sale will then for example say

“Dairy, 15 SEK” instead of the actual product EAN-code and original retail price.
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The pricing system with scanner and digital label printer is used for printing new price labels
for all refrigerated products except for dairy products. The store worker scans the item that
they want to reduce the price of and enters the percentage they want to reduce the price by.
The system then prints the labels, one specifying the discount in percent and one with the new
EAN-barcode for the discounted price.

5.3 Presentation of the date-checking routine using the information systems

In this section, the date-checking routine using the information systems and the routines

specific for the manager will be presented.
The main studied store

The date-checking routine is conducted by a store worker or department manager every

morning before opening in the main studied store. The tasks of the routine are as follows:

1. Get atablet with the expiration date tracking system, a handheld computer, and a label
printer
2. Use the expiration date tracking system to choose what department to check dates in
3. Check each product on the list
a. If closest expiration date of the product is getting near the close-to-expiration
date (Product tag is green)

i. Count the items on the shelf with the expiration date and notify a
manager if there are more than what is anticipated to sell before the
expiration date. If not, do nothing.

b. If close to expiration or at expiration date (product tag is orange)
I. Register the discount of each item using the handheld computer
ii. Print labels using the handheld computer and label printer and attach to
each item
iii. Register the product as “price reduced” in the expiration date tracking
system
c. If expired (product tag is red)
I. Pick out the item/items from the shelf
ii. Register them as food waste using the handheld computer and manage

the waste
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The tasks of the managers relating to the date-checking routine and replenishment of products

requiring the use of an information system are:

- Setting/changing the limit of how low the stock balance should become before the
automatic replenishment system orders new items of a product
o This is done by using the handheld computer which communicates with the
automatic replenishment system.
- Ordering products by phone
o This is usually done without the help of an information system, but when the
managers orders products for campaigns they sometimes consider previous
sales data using the product managements system.
- Arranging an overall price reduction or campaign for a product with a larger quantity
than usual going to or having reached their close-to-expiration date at the same time
o This is done using the product management system where the manager prints

the signs advertising the price reduction/campaign

Reference store A

1. Get a handheld computer with the expiration date tracking system and a label printer
2. Use the expiration date tracking system to choose what department to check dates in
3. Check each product on the list
a. If close to expiration
I. Select the option “reduce price” and how many items to reduce the
price of in the handheld computer
ii. Put the new labels printed by the handheld computer on each item
iii. Put the items back on the shelf
b. If expired
i. Select the option “register food waste” and the reason “expired”
ii. Take the items down from the shelf and manage the waste

iii. Register the next expiration date in the expiration date tracking system

The tasks of the department managers relating to the date-checking routine and replenishment

of products requiring the use of an information system are:
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- Setting/changing the limit of how low the stock balance should become before the
warehouse system orders new items of a product
o This is done by using the handheld computer which communicates with the
store management and automatic replenishment system
- Ordering products by phone
o This is done by using the store management system to consider the current
stock balance and sales statistics
- Arranging an overall price reduction or campaign for a product with a larger quantity
than usual going to or having reached their close-to-expiration date at the same time
o This is done using the store management system where the manager prints the

signs advertising the price reduction/campaign

Reference store B

The date-checking routine is carried out by a store worker or department manager a certain

number of days a week in reference store B. The tasks of the routine are as follows:

1. Get a handheld computer
2. Check the date on each item in the front rows on the shelves of the whole department
3. Pick out all of the items that have reached their close-to-expiration or expiration date
and put on a trolley
4. Go through all the items on the trolley
a. If item has reached its close-to-expiration date
i. Register as “short date” food waste using the handheld computer
ii. Puton anew label with the reduced price
1. If product has price based on weight
a. Use the weight-based pricing system to print a new label
2. If product has fixed price
a. Use the manual label printer to print a new label
b. If item has expired
I. Register as “expired” food waste using the handheld computer
ii. Discard the item

5. Putall items with new reduced prices back at the front of the shelf
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The tasks of the department managers relating to the date-checking routine and replenishment

of products requiring the use of an information system are:

- Setting/changing the limit of how low the stock balance should become before the
warehouse system orders new items of a product
o This is done by using a computer with the warehouse system.
- Ordering products by phone
o The managers use both the warehouse system to consider data of previous
sales and experience when deciding the quantities to order by phone.
- Arranging an overall price reduction or campaign for a product with a larger quantity
than usual going to or having reached their close-to-expiration date at the same time
o This is done using the warehouse system which calculates the new price and

price per kilogram and prints a sign with this information

5.4 Applying TTF to analyze the information systems used in the date-checking routines
Task Characteristics

The tasks of the store workers and managers related to the date-checking routine are by
themselves perceived to be well-defined. The tasks are integrated to a clearly designed
routine, frequently carried out, where the tasks in the routine does not vary a lot from day to
day. The routine seldom poses questions to the store worker or manager that they have never
managed prior. All of this relates to the measurement of non-routineness, indicating that the
non-routineness of the date-checking routine is very low. As described in chapter three,
Goodhue and Thompson (1995) found that individuals engaged in more non-routine tasks
were found to rate the information systems they used lower on multiple TTF measuring
dimensions: data quality, data compatibility, data locatability, training/ease of use, and
difficulty of getting authorization to access data. The reason being that the non-routine nature
of their jobs forced them to constantly use the information systems to tackle new problems,
which caused them to make more demands on the systems and be more aware of
shortcomings. This could indicate that the routineness nature of the date-checking would have
a positive effect on the store workers and managers perception of the above mentioned task-

technology fit dimensions.
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The level of interdependence also seemed very low since the tasks of the date-checking
routine does not involve more than one business function. If the dimension of
interdependence was to be considered at a lower level, one could suggest that
interdependence could also be considered as involving more than one information system.
According to Goodhue and Thompson (1995), high interdependence of job tasks influenced
the perceptions of compatibility and reliability negatively. Considering the dimension on a
lower level, this could suggest that using multiple information systems would affect the

dimensions of compatibility and reliability negatively.

The date-checking routine was carried out by both store workers and managers in the main
studied store and in reference store B, and only by managers in reference store A. Goodhue &
Thompson (1995) found that the dimension of job title affected compatibility where data was
found least compatible by lower and middle-level staff and managers, consistent with the
authors' proposition that lower and mid-level users are more affected by data incompatibilities
than upper-level management who often are shielded from hands-on difficulties of merging
data from multiple sources. Since all studied job titles conducted the date-checking routine,
the explanation for the job titles effect on compatibility might rather be explained by the
number of sources/systems used than the job title since merging/using of data from multiple

sources does not correlate with the employees job title in this case.

Technology Characteristics

Information about the particular systems used, one of the two dimensions of technology
characteristics, are described in section 5.2, showing that each of the studied grocery store
have a particular set of information systems used for conducting the date-checking routine.
This dimension was found to be a significant predictor of reliability and locatability,
explained by expecting that some systems are better than others for system reliability or
locatability of data (Goodhue & Thompson, 1995).

The second dimension, the department of the individual, was by Goodhue & Thompson
(1995) found as a significant predictor of production timeliness and training/ease of use with
a possible explanation for this being that if a department is more powerful or strategically
more important, they might experience more training and up-to-date systems that are easy to

use. Since all of the departments in each store have not been studied, this dimension is tricky
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to apply.

Task-Technology Fit

Data quality

The store workers and managers all felt that the information systems used in the date-
checking routine provided them with information sufficient and detailed enough to carry out
their tasks. When asked if there was any critical information missing that would be useful
when carrying out the tasks, the store workers and manager in the main studied store (R1, R2,
and R3) expressed a problem with missing information in their expiration date tracking
systems. The problem is that the date-checking can only have one closest expiration date
registered per product, which results in items of the same product with expiration dates close
to each other not being displayed. If the date registered as the closest to expiration of a
product reaches its close-to-expiration date it will be displayed in the expiration date tracking
system. If the next closest expiration date, not yet registered in the expiration date tracking
system, also reaches its close-to-expiration date during the time that the closest registered date
is still not expired, the store worker or manager will not have the chance to register the next
expiration date in the system. This results in the user not being alerted to check this next
closest date to expiration that potentially also need to have its price discounted. One of the
store workers in the main studied store (R1) explained that “I could still find items close-to-
expiration in the shelf during the rest of my shift that had not been discounted despite me
carefully carrying out the date-checking routine in the morning and being quite sure that |
checked these particular products then.”. Reference store A did not have this problem as they
were able to register multiple dates. Another feature that is appreciated by reference store A is
the ability to customize the expiration date tracking system according to the layout of the
store. A wish for this feature was expressed by both the store workers and the department
manager in the main studied store. Apart from these comments, both stores perceived the data
to be sufficient and detailed enough. The store worker in reference store B (who are not
currently using an expiration date tracking system) expressed that an expiration date tracking
system would be appreciated since this would result in the store worker not having to check
every product during the date-checking routine, but also recognized that it might not be

necessary since it is quite a small grocery store.
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Locatability
All store workers and managers expressed that the information in the systems used to carry
out their date-checking routines were either obvious or easy to find out. One store worker

(R2) expressed that “The systems are very easy to use”.

Authorization

All store workers expressed that they had all information needed to carry out their tasks with
their level of authorization, but the two store workers in the main studied store also expressed
that they would be interested in information regarding the food waste goals which they do not
have authorization to access themselves. One of the store workers expressed that “Knowing
the goals and how we are performing in in comparison to them would motivate me more
when carrying out the date-checking routine” (R1). It would not be difficult for them to obtain
the information, “It would only be an email away” as one of the store workers (R2) expressed
it, but they did not know if it would be difficult or possible to get the authorization to be able
to see this information themselves. This situation did not occur in reference store A since the
department managers or store manager, the only ones conducting the date-checking, already
have this authorization. This is consistent with the task characteristics dimension job title that
was found to affect the dimension of authorization, where management was found to obtain

authorization more easily (Goodhue & Thompson, 1995).

Compatibility

The store workers and managers did sometimes experience finding supposedly equivalent
data from two different sources that was inconsistent. In the main studied store, the store
workers and manager (R1, R2, and R3) experienced that the assortment of products in the
expiration date tracking system could be inconsistent with the product management system.
The reason being that a product added or removed from the product management system was
not automatically updated in the expiration date tracking system. They also experienced that
product names could differ between the expiration date tracking system and the signs on the
shelves, but neither of these inconsistencies affected them significantly when conducting the
date-checking routine. In reference store B, the store worker (R5) could sometimes find
inconsistent acquisition prices in the warehouse system compared to the separate pricing
system for refrigerated goods caused by manual orders with other acquisition prices. The store
worker sometimes had to adjust the discount of a product to not discount the product to less

than its acquisition price because of this, but it did not affect the working routine
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significantly. The store manager in reference store A (R4) did not experience any
inconsistencies. If considering the alternative interpretations of the impact of interdependence
and job title discussed in the first part “Task Characteristics” of section 5.4, this would be
consistent with the stores using more information systems in their date-checking routine (the
main studied store and reference store B) experiencing more problems with compatibility than

the store using fewer information systems in their date-checking routine (reference store A).

Ease of Use/Training

All store workers and managers perceived the systems to be easy to learn and use. The
employees in the main studied store and reference store A also perceived that the training they
received was sufficient. In reference store B the training for the store workers and managers
differed for the date-checking routine. The department managers got training since they were
the ones supposed to conduct the date-checking routine, but the store workers got instructions
“on the spot as needed” when they were to assist and conduct the date-checking. The store
worker (R5) expressed that it was still possible to conduct the routine with these instructions
and the possibility to ask colleagues for help, but that it was not as time efficient and the risk

of mistakes being made was higher.

Systems Reliability

The general perception of all the store workers and managers is that the systems are almost
always up and running when they need them. The general perception in the main studied store
was the that the systems are reliable, and that downtime did not occur often, but the
department manager (R3) experienced the label printers having a bit more downtime. The
manager stated that “The label printers are down from time to time.”, which results in them
having to manually make labels. These labels would then only state the discount in percent
and not an EAN-barcode, resulting in more manual work at checkout. The store workers (R1
and R2) did not have the same perception of the amount of downtime, stating that they did not
experience a lot of downtime. This could possibly be explained by the feedback loop from
utilization discussed by Goodhue and Thompson (1995), where the department manager
perceives the label printers as less reliable than the store workers as a result of using it more
frequently and being more dependent on the system. Therefore also being more impacted by
the downtime. The store worker in reference store B (R5) stated that “Downtime has

happened for the warehouse system, but it is very rare” and the store manager in reference
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store A (R4) stated that “I can count on the systems always being up. The internet has been

down once, but not for long and it is not a recurring thing.”.

Relationship with Users & Production Timeliness

The dimension of production timeliness and most of the measures belonging to the dimension
of relationship with users were not applicable since none of the respondents had ever been in
contact with an IS department. The only question they were able to answer was “If you have
an IS request, who do you turn to?”. The routine was the same for all the three studied stores,
where a store worker would first ask the department manager, and then the store manager.
The department managers would ask the store manager, and the store manager would contact

IT-support.

Utilization

All of the respondents perceived dependence on the systems was high. They recognized that it
would be possible to conduct the date-checking routine without the information systems by
using a manual label printer, checking the expiration dates of all products, and registering the
food waste manually, but that it would be a lot less time efficient and the food waste data
would not be as easily utilized when not digital. The department manager of the main studied
store (R3) expressed that “It would have worked, absolutely, but taken a lot longer.” and the
store manager of reference store A (R4) said that “Checking the dates without the systems

would have been incredibly time consuming.”.

The use of the systems is mandatory in all three stores. To handle the problem of mandatory
use, Goodhue and Thompson (1995) conceptualized utilization as “the extent to which the
information systems have been integrated into each individual’s work routine”, which all

respondents experience that the information systems are.

Performance Impacts

The dimension of perceived impacts relates to an individual's accomplishment of a portfolio
of tasks, where higher performance is, for example, indicated by higher quality, improved
effectiveness, and/or improved efficiency (Goodhue & Thompson, 1995). As described

above, all employees in the main studied store and reference store A (R1, R2, R3, and R4)

o1



perceived the systems to save them a lot of time during the date-checking routine. The
expiration date tracking systems are significant in contributing to the improved efficiency,
and the department manager of the main studied store (R3) stated that “The date-checking
routine takes about 30-40 minutes to complete, and if the expiration date tracking system was
not used it would take 2-3 hours”. The estimation was similar in reference store A, where the
store manager (R4) stated that “Thanks to not having to check all products but only the ones
alerted by the system, it takes about 30-45 minutes to carry out the date-checking routine. If
we would carry out the date-checking routine manually without the systems, it would take

more than 2 hours.”.

In reference store B, where they did not use an expiration date tracking system, the store
worker (R5) perceived the handheld computer and pricing system with a label printer to
contribute to the efficiency of the date-checking routine but estimates that time would have
been saved if an expiration date tracking system was used. The store worker estimated that it
took her/him about 40 minutes to conduct the date-checking routine, while the department
manager did it in about 30 minutes. The store worker estimated the time saved by using an
expiration date tracking system would be about 10 minutes for her/him and about 5 minutes
for a department manager, since the store is quite small and the product assortment therefore

quite limited.

Both the department manager in the main studied store (R3) and the store manager in
reference store A (R4) also expressed that the expiration date tracking system made it possible
for them to have an overview of all the expiration dates in the store, which would have been
very difficult to have without the system. The store manager (R4) stated that “The expiration
date tracking system helps us prevent food waste caused by expired items.” and the
department manager (R3) stated that “My perception is that more mistakes would have been
made if we did not use the expiration date tracking system, which would have resulted in

more items not being discounted in time and more food waste being generated.”

In reference store B, the store worker (R5) explained that the date-checking routine could
sometimes be interrupted by customers asking questions or other tasks which contributed to
the risk of missing to check the dates of some products, stating that “... in those situations it
would have been nice to have a expiration date tracking system instead of me having to

remember which products | have checked, but | would not consider it a problem.”.
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Summary

Overall, the user evaluations of the combinations of systems and their task-technology fit are
satisfactory for conducting the date-checking routines, but could be improved further. The
routine nature of the tasks in the date-checking routine could be a positive affecting factor
since this is the strongest predictor for user evaluations of task-technology fit according to
Goodhue and Thompson (1995). The perceived dependence on the systems is high, but since
the use is not voluntary it is difficult to judge how and to what extent the user evaluations of
the task-technology fit influences the utilization. In the two stores using an expiration date
tracking system the performance impacts on the users’ time efficiency was apparent. The
perception was also that the expiration date tracking systems had a positive performance
impact on the quality of the date-checking. As explained by Goodhue and Thompson (1995),
they found that performance impacts are a function of TTF and utilization together, and not
utilization alone, but performance impacts will increasingly depend on TTF rather than
utilization when the use of the system is not voluntary. Considering the positive performance
impacts it could be argued that the set of systems used today in the main studied store and
reference store A fits the tasks of the date-checking routines sufficiently even if
improvements can be made. In reference store B it could also be argued that the fit is
sufficient for the size of the store, but could be slightly improved by using an expiration date

tracking system.

5.5 Appreciated design aspects and suggested areas of improvement

The overall perception of the systems used for the date-checking routine is as mentioned that
they work well and fit the tasks of the users well. However, the combination of systems and
devices used in the studied stores differ from each other, and the in this section the overall

takeaways regarding design of the systems and combination of systems will be presented.

Using few devices

Reference store A used two devices to conduct the date-checking routine, in comparison to
the main studied store and reference store B who both used three devices each. The store
manager in reference store A (R4) expressed contempt with the number of devices needed for
the date-checking routine, but would be positive to having the label printer incorporated into

the handheld computer which would result in having only one device to carry through the
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store while conducting the date-checking. Having fewer devices was also expressed as a
suggested improvement from the main studied store (R1, R2, R3) and reference store B (R5),

where they had three devices to carry or use during the date-checking.

More than just the closest date to expiration registered

To avoid the problem experienced in the main studied store, where the system was unable to
have more than one date close to expiration registered in the expiration date tracking system,
it would have been appreciated if the system was able to have multiple dates registered. This
problem was avoided in reference store A where they were able to have multiple dates

registered.

Customized store layout

Having the order of the products to check the dates of in the expiration date tracking system
was an appreciated feature in reference store A that was estimated to save time during the
routine since the manager (R4) did not have to walk back and forth in the store. This feature
was also expressed as a suggestion for improvement of the expiration date tracking system in

the main studied store.

5.6 Perceptions of the interplay between the expiration date tracking systems and the

automatic replenishment systems

This section will only discuss the results from the main studied store and reference store A
since the respondent in reference store B did not have full insight to the replenishment
process. Replenishment of products is not the focus of this thesis, but the issues identified
regarding the use of information systems in the replenishment process are interesting to

briefly discuss since it affects the burden put on the date-checking routine.

The replenishment of products is the responsibility of the department managers in both stores.
Most of the products were replenished by the automatic replenishment systems and some
products were ordered by phone. The automatic replenishment system in the main studied
store had both perceived benefits and disadvantages. It saved the manager time to not place all
orders by oneself, but the department manager also experienced that there was a larger
amount of food waste generated from the orders placed by the automatic replenishment
system than from orders placed by the manager. The manager tended to order quantities that

were “rather a bit too small” in order to prevent generating food waste, which did result in
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less food waste being generated but also in fewer items being sold and shelves in the
department not being as filled. The products ordered by the automatic replenishment system,
in larger quantities than the manager would have ordered, resulted in the department selling
more and having filled shelves, but also in a greater amount of food waste. The department
manager described that “Even if we tried to change the parameters to fix it, it was hard to get
it right. It often ordered too much.”. This perception, that the automatic replenishment
systems are generating more food waste than the manual orders, is contradicting the results
that Kiil et al. (2018) found in their study.

The dilemma between maximizing profit and minimizing food waste, also described by
Riesenegger and Hibner (2022) seems to be present in these studied stores as well. On one
hand there are the expiration date tracking systems developed to minimize food waste, and on
the other, there are the automatic replenishment systems which by the managers seemingly
more optimized for the maximization of sales than for the minimization of food waste. The
department manager described the dilemma from a sales maximization perspective: “If we
have a lot of food waste, we have too many items of a product, but if we have no food waste,
we have too few items of that product. We are generating less food waste when using the
expiration date tracking system which is economically profitable, but it is hard to ascertain if
striving towards having no food waste is the most profitable way to run the store since less
food waste comes from less products being ordered, and fewer products ordered means fewer
sales. It can sometimes be more profitable to order a large quantity of a product and throw
away the items not sold in time, instead of ordering a smaller quantity and actively try to

minimize the food waste by reducing the price of items close to expiration.”.
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6. Discussion and conclusion

This chapter will conclude the thesis by first revisiting and answering the research question
based on the empirical findings. The limitations of the research are then discussed together

with proposed further research, followed by concluding remarks.

6.1 Revisiting the research question

When evaluating how well a system or sets of systems fits a set of user tasks according to the
TTF model, the feature of performance impacts is the final measurement of the model.
Goodhue and Thompson (1995) describe that higher performance can for example be
indicated by higher quality, improved effectiveness, and/or improved efficiency. The
expiration date tracking systems in the grocery stores were found to support the tasks of the
date-checking routines when considering the measurements of task-technology fit since they
sufficiently fulfill the needs of the users’ tasks. The fit can also be argued to have contributed
to the clear performance impacts in comparison to if the date-checking routine would be
conducted without the expiration date tracking systems. The higher performance found was
indicated by improved efficiency and quality in comparison to if the systems would not have
been used. “Increased prevention of food waste” can also be considered as an indication of
higher performance. The evaluation of the expiration date tracking systems would then
indicate a good fit since the users perceived themselves as able to prevent more food waste
when using the expiration date tracking systems in comparison to if they would not have been
used. The information systems used are therefore found to support the expiration date tracking
in the grocery stores by improving the efficiency and quality of the date-checking routines,

and the reduction of food waste.

The empirical results also suggest three aspects of improvement regarding the combination of
systems used in the date-checking routine and the expiration date tracking systems
themselves. The suggested general aspect of improvement is to limit the number of devices
needed by the user to carry out the date-checking routine. The specific suggested
improvements of the expiration date tracking systems (not already running these features) are:
the ability to have more than one expiration date registered, and to have the order of the list

with products to check customized according to the actual store.
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When considering the automatic replenishment systems, the perception of the managers is
that these systems might not be optimally fitted to prevent food waste, but further research is

needed since a full evaluation of these systems was not conducted in the scope of this thesis.

6.2 Limitations and future research

The limitations of this study provide opportunities for further research. First, the empirical
research was conducted in a limited number of grocery stores and geographical area (Uppsala,
Sweden). Although the results are expected to be transferable to other similar contexts, this
research could benefit from being extended to other geographical locations. The results can be
considered generalizable in accordance with Walsham’s (1995) description, "explanations of
particular phenomena derived from empirical interpretive research in specific IS settings"
which can be valuable in other contexts and organizations in the future, yet the study does not

claim that the results are generalizable for all grocery stores.

Second, the study focused on the date-checking practices for refrigerated products since this is
a product category in need of frequent date-checking. Further research and generalizations of
the results to other departments and product categories would enrich the findings of this

study.

Third, the scope of this study did not include a thorough evaluation of the information
systems used for replenishment in grocery stores. Based on the preliminary findings, it would
be interesting to further study the proposed dilemma between minimizing food waste and
maximizing profit, and how information systems in grocery stores can work together to
optimize this balance from both an environmental and economical perspective. Since the
perceptions of the managers regarding how the automatic replenishment systems are
preventing food waste contradict the results of Kiil et al. (2018), it would be interesting to
research further even if the results about automatic replenishment from this study are very

limited and preliminary.

Fourth, this study utilized the task-technology fit model as its theoretical framework to guide
the design of the study. It would therefore be interesting to evaluate the information systems
using a different theoretical framework, possibly the D&M model, to see if this generates

different results.
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Fifth, it would be interesting to further study the results of this study indicating that the use of
the information systems enabled the stores to reduce food waste. The users perceived
themselves as able to prevent more food waste when using the expiration date tracking
systems in comparison to if they would not have been used, and it would be interesting to

quantify these alleged differences in food waste in further research.

6.3 Concluding remarks

This thesis aimed to contribute with rich insight into if and how contemporary information
systems may support expiration date tracking and if they may contribute to reducing food
waste in grocery stores. Based on the empirical findings, the study achieved this rich insight
and achieved the aim of finding appreciated features for proposing potential ways to improve
the information systems and sets of systems investigated. Even if the empirical findings of
this study are limited to three grocery stores in Uppsala, Sweden, the need for grocery stores
to track their expiration dates is apparent outside the studied scope (Huang et al., 2021;
Kulikovskaja & Aschemann-Witzel, 2017). Food waste is a global problem, and grocery
stores in developed industrialized countries have an important role in reducing food waste, as
emphasized by studies conducted in greater geographical scopes than Uppsala (Aschemann-
Witzel et al., 2015, 2016; de Moraes et al., 2020; Mena et al., 2014; Neff et al., 2015). The
insights from this study can therefore be valuable and useful in other contexts and
organizations with similar needs since the need for expiration dates tracking exceeds the

geographical context of Uppsala, Sweden.
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Appendix A — Informed consent form

Information for skriftligt informerat samtycke

Denna information riktar sig till dig som deltar i intervju/intervjuer angaende IT-system for
datumhantering av livsmedelsvaror, prisreduktion av livsmedelsvaror med kort datum och

svinn av livsmedelsvaror med utganget datum.

I samband med min, Anna Enstams, masteruppsats i systemvetenskap vid Uppsala Universitet
utfor jag en fallstudie for att undersoka hur val anpassade 1T-system for datumhantering,
prisreducering och matsvinn &r for de butiksanstélldas arbete. Denna fallstudie anvander sig
av ett teoretiskt ramverk inom informationssystem som heter Task-Technology Fit modellen
for att undersdka och analysera hur val IT-systemen “’passar” arbetsuppgifterna. Fragorna som
kommer stéllas under intervjun syftar till att skapa en forstaelse for hur du som deltagare i

studien personligen upplever relevanta I T-system i relation till dina arbetsuppgifter.

Du uppmuntras att stélla fragor om det ar termer eller liknande anvands som du inte forstar, sa
att dessa kan forklaras. Du har ndr som helst rétt att avbryta intervjun. Du har dven ratt att

avsta att svara pa specifika fragor om du onskar.

Ingen individuell information, person eller aktivitet kommer att kunna identifieras i resultaten

fran dessa intervjuer. All information kommer att behandlas konfidentiellt.

Malet med intervjuerna &r att fa en battre forstaelse for de butiksanstélldas behov och de
relevanta IT-systemens nuvarande funktionalitet. Detta kommer i sin anvandas som underlag
for att forsoka framstélla potentiella forbattringsforslag av IT-systemen. Resultatet kommer
att delas med andra studenter vid masterprogrammet i Systemvetenskap vid Uppsala

Universitet samt handledare och examinatorer. Uppsatsen kommer att publiceras i DIVA.
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Appendix A cont.

Informerat samtycke

Jag har list “Information for skriftligt informerat samtycke”, eller fatt den uppléast for mig. Jag
har haft mojlighet att stélla fragor angaende detta och de fragor jag haft har fatt svar. Jag

intygar hdrmed min vilja att delta i denna studie.

Datum:
Namn:

Signatur:

Jag har formedlat “Information for skriftligt informerat samtycke” till den potentiella

uppgiftslamnaren och har efter basta formaga klargjort féljande:

En intervju kommer att genomféras med fragor om 1T-system for datumhantering av
livsmedelsvaror, prisreduktion av livsmedelsvaror med kort datum och svinn av
livsmedelsvaror med utganget datum.

- Informat6ren har majlighet att vélja vilka fragor som ska besvaras.

- Informat6ren har ratt att avbryta intervjun nar som helst.

- Resultaten kommer att presenteras muntligt och i en rapport, men inga individuella

uppgifter kommer att ges eller publiceras.

Jag intygar aven att informanten har haft mojlighet att stéalla fragor angaende studien och jag
har besvarat dessa efter basta formaga. Jag intygar ocksa att uppgiftslamnaren inte har
tvingats att delta och samtycke till deltagande gavs av egen vilja. En kopia av detta dokument

kommer att skickas till uppgiftslamnaren.

Datum:
Namn:

Signatur:
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Appendix B — Task-technology fit measures and related questions

Measures and related questions from the TTF model (Goodhue & Thompson, 1995)

Task Characteristics:

Non-Routineness

Interdependence Task-Technology Fit:
Job Title
User Evaluations of 8 Factors:
~a] Data Quality, Locatability,
P 1 Authorization, Compatibility,
Timeliness, Reliability,
Ease/Training, Relationship,
Technology Performance
Characteristics: P3 impacts.
P2 oores
; Perceived Impacts
Particular Systems Used
Department ‘[
Utilization:

Perceived Dependence

Figure 4. Measurements and Analyses to Be Conducted
(Measures are shown in small type below each construct.
Regressions were run for each of 8 Factors of TTF, for
Perceived Dependence; and for Perceived Impacts.)

Task Characteristics:
Measures:

- Non-Routineness
o ADHCLI - I frequently deal with ill-defined business problems.
o ADHC2 — I frequently deal with ad-hoc, non-routine business problems.
o ADHCS3 - Frequently the business problems | work on involve answering
questions that have never been asked in quite that form before.
- Interdependence (Task Interdependence)
o INTR1 - The business problems I deal with frequently involve more than one
business function.
o INTR2 - The problems | deal with frequently involve more than one business
function.
- Job Title

Technology Characteristics:
Measures:

- Particular Systems Used
- Department
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Appendix B cont.

Task-Technology Fit:

Measures / User evaluation of 8 factors:

- Data Quality

o Currency of the data (Data that | use or would like to use is current enough to
meet my needs.)
= CURR1 -1 can’t get data that is current enough to meet my business
needs.
* CURR2 - The data is up to date enough for my purposes.
o Right data is maintained (Maintaining the necessary fields or elements of data.)
= RDAT1 - The data maintained by the corporation or division is pretty
much what | need to carry out my tasks.
= RDAT2 — The computer systems available to me are missing critical
data that would be very useful to me in my job.
o Right level of detail (Maintaining the data at the right level or levels of detail)
= RLEV1 - The company maintains data at an appropriate level of detail
for my group’s tasks.
= RLEV?2 - Sufficiently detailed data is maintained by the corporation.
- Locatability
o Locatability (Ease of determining what data is available and where.)
= LOCT1 - Itis easy to find out what data the corporation maintains on a
given subject.
= LOCT3 - Itis easy to locate corporate or divisional data on a particular
issue, even if I haven’t used the data before.
o Meaning of data is easy to find out (Ease of determining what a data element
on a report or file means, or what is excluded or included in calculating it.)
= MEANL1 - The exact definition of data fields relating to my tasks is
easy to find out.
= MEAN2 — On the reports or systems | deal with, the exact meaning of
the data elements is either obvious, or easy to find out.
- Authorization
o Authorization for access to data (Obtaining authorization to access data

necessary to do my job.)
=  AUTH1 - Data that would be useful to me is unavailable because |

don’t have the right authorization.

= AUTH2 - Getting authorization to access data that would be useful in
my job is time consuming and difficult.

- Compatibility
o Data compatibility (Data from different sources can be consolidated or
compared without inconsistencies.)

=  COMPL1 — There are times when | find that supposedly equivalent data
from two different sources is inconsistent.

= COMP2 — Sometimes it is difficult for me to compare or consolidate
data from two different sources because the data is defined differently.
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=  COMP3 — When it’s necessary to compare or consolidate data from
different sources, I find that there may be unexpected or difficult
inconsistencies.
- Ease of Use/Training
o Ease of Use (Ease of doing what | want to do using the system hardware and
software for submitting accessing, analyzing data.)
= EASEL - Itis easy to learn how to use the computer systems | need.
= EASE2 - The computer systems | use are convenient and easy to use.
o Training (Can I get the kind of quality computer-related training when | need
it?)
= TRNG1 - There is not enough training for me or my staff on how to
find, understand, access or use the company computer systems.
= TRNG2 — | am getting the training | need to be able to use company
computer systems, languages, procedure and data effectively.
- Production Timeliness
o Production Timeliness (IS meets pre-defined production turnaround
schedules.)
= PROD1 - IS, to my knowledge, meets its production schedules such as
report delivery and running scheduled jobs.
= PRODZ2 — Regular IS activities (such as printed report delivery or
running scheduled jobs) are completed on time.
- Systems Reliability
o Systems Reliability (Dependability and consistency of access and uptime of

systems.)
= RELY1 -1 can count on the system to be “up” and available when I
need it.

= RELY2 - The computer systems | use are subject to unexpected or
inconvenient down times which makes it harder to do my work.
= RELY3 - The computer systems | use are subject to frequent problems
and crashes.
- Relationship with Users
o IS understanding of business (How well does IS understand my unit’s business
mission and its relation to the corporate objectives?)
= UNBSI1 - The IS people we deal with understand the day-to-day
objectives of my work group and its mission within our company.
= UNBS2 — My work group feels that IS personnel can communicate
with us in familiar business terms that are consistent.
o IS interest and dedication (to supporting customer business needs.)
= |NDN1 - IS takes my business group’s business problems seriously.
= |NDNZ2 — IS takes a real interest in helping me solve my business
problems.
o Responsiveness (Turnaround time for a request submitted for IS service.)
= RESP1 - It often takes too long for IS to communicate with me on my
requests.
= RESP2 - I generally know what happens to my request for IS services
or assistance or whether it is being acted upon.

70



Appendix B cont.

= RESP3 - When | make a request for service or assistance, IS normally
responds to my request in a timely manner.
o IS Performance (How well does IS keep its agreements?)
= PERF2 - IS delivers agreed-upon solutions to support my business
needs.
o Consulting (Availability and quality of technical and business planning
assistance for systems)
= CONS1 - Based on my previous experience | would use IS technical
and business planning consulting services in the future if | had a need.
= CONS2 — | am satisfied with the level of technical and business
planning consulting expertise | receive from IS.

Utilization:
Measures:

- Perceived Dependence
o “How dependent are you on system X?”

Performance Impacts:

- Perceived Impacts (Performance impact of computer systems?)

o IMPT1 — The company computer environment has a large, positive impact on

my effectiveness and productivity in my job.

IMPT3 — IS computer systems and services are an important and valuable aid to me in the
performance of my job.
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