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Sammendrag

Usunn matkonsum er et betraktelig problem og flere tidligere strategier har
blitt utprevd for & adressere dette problemet. Usunn matkonsum har en
negativ pavirkning for samfunnet helhetlig, bedrifter, og forbrukere. Tidligere
strategier innebeerer reguleringer, skating, subsidiering, dulting,
markedsfaring, og merkeordinger for sunn mat. Merkeordninger for sunn
mat er symboler og logoer som signaliserer til forbrukere hvor sunn et
produkt er, enten ved evaluering av hvor sunn produktet er helhetlig, dets
spesifikke neeringsinnhold, eller en kombinasjon av begge. Sunn
matmerkning kan bli ansett som bade et informasjonssystem problem og et
atferdsvitenskapelig problem, der hvor data er redusert til informasjon som
adresserer et praktisk problem. Slik transformering pavirker ogséa
forbrukeratferd, som fgrer til atferdsendring. En tilnaerming er & kombinere
litteratur fra digitaliseringsprosesser og forbrukeratferdsanalyse.
Digitaliserte sunn matmerking kan veere en strategi som kan hjelpe
forbrukere a velge sunnere produkter ved & presentere nye og engasjerende
merker ved bruk av digital teknologier. Denne avhandlingen utforsker
hvordan digitaliserte sunn matmerking pavirker forbrukeratferd pa flere
mater. For det farste, et systematisk gjennomgangsstudie som undersgkte
klassifikasjonen av digitalisert sunn matmerking og undersgkte tidligere
forskning péa dets pavirkning péa forbrukeratferd. For det andre, en valg-
basert konjunkt eksperiment ble brukt for & undersgke hvordan enkelte
merker kunne gke mat valg og undersgkte hvorvidt noen av disse var mer
hjelpsom for impulsive forbrukere. For det tredje, en konseptuell studie ble
gjort for & undersgkte hvordan disse merkene blir utviklet og implementert
av bedrifter og hvordan de er formet av forbrukeres atferd. Til slutt, en

vurderings-basert konjunkt eksperiment ble brukt for & undersgke hvordan



forbrukere reagerer pa noen av disse merkene nar symboler og logoer er
definert fra dem sely, fra detaljhandlere, og offentlig politiske tiltak. Denne
avhandlingen bidrar til at digitalisert sunn matmerking og deres pavirkning
péa forbrukeratferd kan bli forstatt giennom informasjonssystem og
atferdsvitenskap perspektiver, seerlig giennom i kontekst av digitalisering og
forbrukeratferdsanalyse. Bidraget til de individuelle studiene er at enkelte
av disse digitaliserte sunn matmerkignssytemer er mer effektive enn andre,
der enkelte forbrukere foretrekker merkesystemer basert pa deres tidligere
kjgp ovenfor en rabatt-basert merking, bedrifter kan fa mer innsikt i
forbrukeratferd, og sunn matmerking som er basert pa forbrukernes egne
definisjoner er foretrukket over andre kilder. Implikasjonene av denne
forskningen er at slike merker kan bidra til forbrukere, bedrifter, og
samfunnet med verdi. Nar det gjelder fremtidig arbeid, sa foreslas det en
bredere konseptualisering nar det gjelder digitaliseringsprosesser og

forbrukeratferd.



Abstract

Unhealthy food consumption is a significant problem, and several previous
strategies have been attempted to address this issue. Unhealthy food
consumption has a negative impact on society as a whole, companies, and
consumers. Previous strategies have included regulations, taxation,
subsidization, nudging, marketing, and front-of-packaging labeling of
healthy food products. Front-of-package food labeling is symbols or logos
that signal to consumers how healthy a product s, either by evaluating its
overall health, specific nutrients, or a combination of both. Healthy food
labeling can be viewed as both an information systems problem and a
behavioral sciences problem, as it transforms data into information that
addresses a practicalissue. Such transformations also impact consumer
behavior, leading to behavioral change. One approach to this is to combine
literature from digitalization processes and consumer behavior analysis.
Digitalized healthy food labeling could be one strategy to help consumers
choose healthier products by presenting novel and engaging labels using
digital technologies. This thesis explores how digitalized healthy food labels
impact consumer behavior in several ways. First, a systematic review
investigated the classification of digitalized food labeling and examined
previous research on its impact on consumer behavior. Second, a choice-
based conjoint experiment was used to investigate how some labels could
increase food choices and examine whether some were more helpful for
impulsive consumers. Third, a conceptual study was used to investigate
how these labels could be developed and implemented by companies and
how they are shaped by consumers' behavior. Finally, a rating-based
conjoint experiment was used to investigate how consumers react to some

of these labels when such symbols or logos are defined by themselves, by



retailers, or by public policy measures. The contribution of this thesis is that
digitalized healthy food labels and their impact on consumer behavior can
be understood through information systems and behavioral science
perspectives, particularly in the context of digitalization and consumer
behavior analysis. The contribution of the individual studies are that some
of these digitalized healthy food labels may be more effective than others,
some consumers prefer labeling systems based on their past purchases
over a discount-based labeling, companies may gain more insights into
consumer behavior, and that healthy food labels which are based on
consumers own definitions are preferred over other sources. The
implications of this research are that such labels could provide consumers,
companies, and society with value. For future work, a broader
conceptualization related to digitalization processes and consumer

behavior is also proposed.
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1 INTRODUCTION

1.1 The Topic of this Thesis

The topic of this thesis is the phenomenon of digitalization of healthy
food labels and their impact on consumer behavior. The context of this
thesis is that unhealthy food consumption is problematic for society,
companies, and consumers. Several previous solutions exist, ranging from
hard to soft strategies (Vecchio & Cavallo, 2019). However, these problems
still exist (World Health Organization, 2024), which suggests that more
research is needed on this topic. Numerous ways exist to transform data
into information (Rainer & Prince, 2021), and more information about the
nutritional value of food products does not necessarily increase healthy
food preferences in consumers (lkonen et al., 2020; Temple, 2020).
However, some information may increase healthy food preference in
consumers if it is provided in the right amount, at the right time, and to the
right person. Building on this, some have suggested presenting front-of-
package food labels, simplified symbols, or logos that signal to consumers
how healthy a product is (World Health Organization, 2004, 2019). In
parallel, several retail technologies are emerging that can provide value to
companies and consumers (Inman & Nikolova, 2017; Shankar et al., 2021).
One strategy is to use digital technologies (Bharadwaj et al., 2013) and
present novel food labeling systems to consumers. Companies that
undergo digitalization (Verhoef et al., 2021) may present novel information
to consumers, which may increase consumers’ healthy food preferences.
More specifically, such food labels can be digitalized to provide novel

information to consumers.

This thesis argues for two central claims and suggests two important

points related to future empirical research. First, digitalized healthy food



labels may be classified in terms of different aspects related to
digitalization. These are termed digitalized static, interactive, and
technology-enabled labels. Second, consumers’ behavior toward
digitalized healthy food labels is impacted by their antecedent events and
the variables that moderate these. For instance, instructions related to the
products or labeling systems, sources of such instructions, or consumers’
preference forimmediate vs delayed benefits may moderate the impact of
such labels. Third, an online grocery store’s decision to implement or
develop digitalized healthy food labels is shaped by consumers’ behaviors,
and consumers react differently to different labels provided by a company.
Specifically, a company’s behavior is also impacted by antecedent events
and the consequences that consumers give. These interactions may result
in consumers obtaining the information they want about a company’s
products, and companies may gain insights into changing preferences of
consumer behavior by using these labels. Lastly, an analysis of how
consumers shape a company’s digitalization processes at a broader level is
suggested for future work. The support for these claims will be based on

this introductory chapter and the papers of this thesis.

1.2 The Purpose of this Thesis

The purpose of this thesis is to investigate how digitalized healthy food
labels change consumer behavior. It is based on aspects related to
practical problems of unhealthy food consumption and advances the
academic literature. These digitalized healthy food labels may benefit
consumers, companies, and society. Regarding the practical problems
concerning unhealthy food consumption, consumers often state that they
want to eat healthier, but their behavior does not always align with what

they state. Furthermore, consuming healthier products is associated with



numerous benefits, such as the absence of disease, longer life, higher
energy levels, better skin and dental health, and even better mental health.
In essence, these benefits may contribute to overall consumer well-being.
Second, companies may gain several benefits by using these labels. They
may profit by selling more products and avoiding negative reputations, but
also gain more insights into consumer behavior. As digitalization processes
are becoming more common in many aspects of our world, companies
must understand what drives consumer behavior in digital contexts.
Companies that do not adapt to changing consumer behavior and
preferences cannot deliver offers that consumers need and want. These
digitalized healthy food labels may also be a source for companies to map
out these changing consumer choices and preferences. Lastly, society as a
whole would benefit from individuals consuming healthier products. This
could reduce the economic costs associated with treating people who are
obese and the lack of productivity associated with unhealthy food
consumption. Regarding advancement in the academic literature, several
topics have received relatively little attention compared to physical healthy
food labeling. These include classification regarding digitalized front-of-
package food labels, how certain digitalized healthy food labels may help
vulnerable consumers make better food decisions, understanding
companies’ decisions to implement novel digitalized healthy food labels,
and providing personalized labeling of healthy foods based on consumers’

definitions.

1.3 The Scope of the Thesis
The scope of this thesis is interdisciplinary, encompassing several
research fields, conceptualizations, and key terms, as illustrated in Figure 1

and Table 1. Research disciplines and phenomena can be identified by



what they study or where they look for their explanations or causes (Vargas,
2014); that is, by the dependent and independent variables they study. This
thesis investigates the impact of digitalized healthy food labels on
consumer behavior. Consumer behavior is broadly referred to as behavior
related to the acquisition, usage, and disposal of products and services
with value (Holbrook, 1987). In this thesis, digitalized healthy food labels
are defined as any symbols or logos that signal to consumers how healthy a
food product is based on information provided by digital technologies in
online grocery store settings. They are healthy food labels presented using a
digital medium or device and placed in the point of purchase situations.
This was chosen based on the overall research question, the scope of this
work, background knowledge, the conceptual framework provided, and the

contribution of this thesis.
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In the broadest terms, this thesis falls under information systems and
behavioral sciences, drawing research from front-of-package food labeling,
digitalization, and consumer behavior analysis. It falls under information
systems and behavioral sciences because it studies how information
systems impact behavior to solve practical problems. In the academic field
of information systems, an information system is characterized by
transforming data into meaningful information for decision-making to solve
specific problems (Rainer & Prince, 2021; Stair & Reynolds, 2018). Reducing
the complexity of transforming data about food products into information in
such a manner that gives value to consumers is an information systems
problem. It also highlights how digitalized healthy food labels can be
understood with recent perspectives in investigating digitalization by using
digital technologies rather than solely using information technology
infrastructures and established information systems, and going beyond the
traditional information technology-business model alignment view.
Behavioral sciences refer to research disciplines that study behavior
(Cohen et al., 2013; Hallsworth, 2023). In particular, unhealthy food
consumption is a behavioral problem as it depends on what consumers buy
or choose. The term “health” is defined by the World Health Organization
(1948) as complete physical, mental, and social well-being, not mere
absence of disease. Following this logic, healthy foods are individual foods
that promote such well-being, while healthy diets refer to the act of
purchasing or consuming several foods that are also healthy. More
information about whether a product is healthy does not necessarily
increase healthy food choices, and providing the correct type of
information, in the right amount, at the right time, to the right individuals,

may solve this behavioral problem. Healthy food labels can be defined as
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the use of simplified information, symbols, or logos regarding the healthy
aspects of food products. The effects of front-of-package food labeling, a
specific type of healthy food labeling, have been extensively investigated
regarding consumer behavior. Such labels indicate how healthy the overall
product is, how healthy the specific nutritional content is, or a combination
of both (World Health Organization, 2019). This was chosen because such
front-of-package labeling itself transforms nutritional data into information

for consumers, and such labeling may also undergo digitalization.
Figure 1

The Scope of the Thesis

Information Systems and Behavioral Sciences

Healthy Food Labeling
Front of Package Food Labeling

Information Technology
Digital Technologies

Digitalization Bilateral Contingency
Digital Transformation Impulsivity
Digital Innovation Rule-Governed Behavior

Digitalized Healthy Food Labeling

Digital Operant Systems Perspective

\ 4

Note. The scope of this thesis ranges from broad to narrow

conceptualizations from top to bottom.



18

Digitalized healthy food labels can be classified in terms of digitalization
and further into static, interactive, and technology-enabled labels. Static
labels are healthy food labels presented in a digital format similar to
physical labels, and interactive labels may provide more information about
the labeling system or why the product is healthy. Technology-enabled
labels may provide consumers with personalized, dynamic, and real-time
information regarding why the products are healthy. Such symbols or logos
may change appearance depending on different consumer segments
and what consumers do when interacting with the device or the store, and
they can be continuously updated if a novel labeling requirement occurs.
For instance, a consumer may visit their favorite online grocery store, add
the products to their virtual basket, and see a technology-enabled label
that signals how healthy the overall basket is based on established food
labeling systems. Similarly, they may present other consumers who rate
certain products as healthy, whether they meet the consumer’s individual
nutrient-specific needs for that purchase situation or promote healthy
products that are specific to the climate that the consumer is currently in.
Furthermore, online grocery stores may be more innovative in such labeling
systems. They could, for example, give the consumers the option to “build
their own label” by presenting a list of product requirements that the user
wants and placing labels on such products. Another example of innovative
technology-enabled labels may be product labeling based on the diet of the
consumer rather than individual products. For example, consumers may
provide their activity levels, and labels can then be placed on different
products, depending on what they bought the previous week. This may
ensure their overall diet is healthy rather than focusing on the purchase of

individually healthy products.
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This dissemination also falls under the broader research related
to digitalization and consumer behavior analysis. Digitalization is the use of
digital technologies that provide new information or value beyond merely
transforming analogue information into digital format (Mergel et al., 2019;
Parviainen et al., 2017). It may benefit companies in generating profits and
enable them to be adaptive in the market by, for instance, reducing manual
steps, offering new products and services, and adapting to changing roles
and value chains (Parviainen et al., 2017). Consumer behavior analysis is
an interdisciplinary research field that studies consumer behavior using
knowledge based on behavior analysis, behavioral economics, and
marketing science (Foxall, 2003). This approach has the benefit of
investigating how environmental or situational variables impact consumer
behavior, and such variables can be changed directly rather than changing
attitudes, intentions, cognition, thoughts, and beliefs in order to change
behavior (Foxall, 2005). Within consumer behavior analysis, the operant
systems perspective states that an entity’s behavior is impacted by the
consequences that it produces, as well as its antecedent events. This
applies to the behavior of consumers and companies. Based on prior
research within impulsivity research, several studies suggest that self-
monitoring, pre-commitment, and social factors may impact impulsivity
(Duckworth et al., 2018), and these could be integrated with digital
technologies in online grocery stores. Self-monitoring refers to the
recording and presentation of one’s own previous behavior to promote
behavioral change. Pre-commitment is the voluntary act of changing future
consequences to set the occasion for behavioral change. Social
comparison refers to information that signals how healthy current foods are

compared to those of other consumers, and this could influence consumer



20

preference. Furthermore, companies’ behaviors are shaped by consumers
through their reciprocal interaction (Foxall, 2020). Lastly, prior research also
suggests that different actors have different definitions of what counts as
“healthy” products, and that this confusion could impact consumer
behavior (Mayer et al., 1993; Spiteri Cornish & Moraes, 2015). Building on
this, these understandings may differ when public policy, retailers, and
consumers making their purchases define what products count as healthy.
Digital technologies may present and apply information based on these
phenomena, and their impact on consumer behavior may be investigated.
Hence, digitalized healthy food labels could present information beyond
traditional healthy food labeling, and some could be used to address the

problems mentioned.

1.4 The Main and Sub-Research Questions
The overall research question of this thesis is: “How do digitalized

healthy food labels impact consumer behavior?”

The sub-research questions are as follows:

1. How do physical and digitalized static, digitalized interactive, and
digitalized technology-enabled front-of-package food labels impact
purchase, consumption, hypothetical choice, and self-reports
regarding healthy foods?

2. What is the relative impact of (a) self-monitoring-based, (b) pre-
commitment-based, and (c) social comparison-based technology-
enabled healthy food labels on choice behavior in hypothetical
grocery shopping settings, and how do they differ for impulsive and

non-impulsive consumers?
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3. Conceptually, how do technology-enabled healthy food labels
emerge in the interaction between firms and consumers?

4. What s the relative impact of technology-enabled healthy food labels
when they are defined by public policy, retailers, and consumers

making the decision on healthy food consumer behavior?

The justification for investigating these research questions is as follows.
Regarding the overall research question, the justification from a practical
perspective is that unhealthy food consumption remains a significant
problem for society, companies, and consumers. Furthermore,
digitalization processes are becoming more apparent across many
domains in people’s lives. Hence, more research is needed on this topic,
and this research question is thus investigated. From an academic point of
view, the overall research question is broad. Few conceptualizations exist,
and it may be conceptualized in several ways. However, several research
disciplines have already investigated elements related to how digitalized
healthy food labeling impacts consumer behavior. This includes the
literature on information systems, behavioral sciences, front-of-package
food labels, digitalization, and consumer behavior analysis. Hence,
synthesizing these was undertaken in order to shed light on how digitalized

healthy food labels impact consumer behavior.

Concerning the first sub-research question, several studies on healthy
food labeling use established terms and classifications, which may impact
a broad range of consumer behaviors, and there exist several ways of
presenting them using digital technologies. Hence, using prior literature,
established terms, and investigating how digitalized labels allow for novel
information and how it impacts a wide range of consumer behavior informs

the overall research question.
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With regard to the second, there exists much literature on unhealthy
food choice viewed as an impulsivity problem with several proposed
interventions to reduce impulsivity. Among these are strategies related to
self-monitoring, precommitment, and social factors. Additionally, some
vulnerable consumers, such as impulsive consumers, are prone to several
risks, which include unhealthy food consumption. Hence, investigating
which of these strategies, when presented as technology-enabled labels,
impact choice behavior, and how these choices differ between impulsive
and non-impulsive consumers, informs an important aspect of the overall

research question.

Regarding the third sub-research question, there exist several ways to
present technology-enabled healthy food labels, and this may influence
how they impact consumer behavior. It is therefore of importance to
analyze what type of technology-enabled labels are created, and one actor
that could participate in this is online grocery stores. Hence, it is important
to analyze how the creation of these labels occurs from the perspective of
companies and how they impact consumers’ behavior, and this important

aspect informs the overall research question.

In relation to the fourth research question, several justifications are
worth mentioning. First, healthy food labeling, the use of simplified
symbols or logos to inform how healthy a food product is, depends on how
itis explained to the consumers and the source of the information
explaining the labeling system. Second, some literature has stated that
there is a “health confusion” in that several actors have different definitions
of what counts as healthy foods, and that this confuses consumers. One
way is to use digital technologies to allow consumers to create their own

labeling systems. Hence, the relative impact of technology-enabled labels
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defined by public policy, retailers, and consumers making the decision

informs the overall research question in this important aspect.

1.5 The Contribution of this Thesis

This thesis’s overall contribution is the investigation of digitalized healthy
food labeling and its impact on consumer behavior. Specifically, it proposes
and investigates a classification for different degrees of digitalized healthy
food labels, how impulsive consumer segments respond to different
technology-enabled healthy food labels, how companies and consumers’
interactions are changed when companies implement digitalized healthy
food labels, and how technology-enabled labels may allow consumers

themselves to define what is healthy.

This thesis also contributes to the field of information systems research
and behavioral sciences. In particular, it highlights novel combinations of
conceptual frameworks, methods, framings, phenomena, and
compositions (Leidner, 2020) related to how digitalized healthy food labels
impact consumer behavior. First, this thesis contributes to mature, new,
and original conceptual frameworks by using established classifications
found in the front-of-package food labeling literature, examines how
technologies can present novel labeling systems, and how they impact
consumer behavior. That is, conceptualizations from information systems
that describe digitalized healthy food labels, such as information
technology, the traditional information technology-business alignment
view, digital technologies, processes related to digitization, digitalization,
digital transformation, and digital innovation, are used. Furthermore,
conceptual frameworks from behavioral sciences, in particular consumer
behavior analysis, such as the bilateral contingency model, the three-term

contingency, the behavioral perspective model, impulsivity, and rule-
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governed behavior, are used to understand consumer behavior. These
resultin an original conceptual framework, which is proposed as future
research for this thesis. Second, the methods in this thesis have varying
degrees of rigor and innovation. In particular, conceptual analyses,
systematic reviews, and conjoint experiments were used to investigate the
phenomenon of this thesis. Third, the framing contain elements of
superficial and deep framings in that the individual papers build on prior
research and investigate narrow relations, although the thesis as a whole
integrates multiple domains. For instance, different streams of the problem
of unhealthy food consumption related to society, companies, and
consumers are considered, and previous strategies such as hard and soft
approaches to solve these problems are used. Fourth, the phenomenon of
this thesis is the topic of how digitalized healthy food labels impact
consumer behavior. It builds on a mature phenomenon by investigating how
data is transformed into information to solve practical problems, a relatively
mature phenomenon of healthy food labeling, although not typically
investigated by information systems researchers, and on the emerging
phenomenon of digitalized healthy food labels. Lastly, the composition of
this thesis attempts to use colloquial, academic, and elegant writing. It
does so by balancing the writing style for the general audience, academic
audience within information systems and behavioral science researchers,
and attempts to integrate this elegantly. The reader of this thesis will be the
judge of the latter. These points, in combination with the specific literature,

will be elaborated at the end of this introductory chapter.

The specific contributions for each paper are as follows:

Study 1: The effects of digitalized static, interactive, and technology-

enabled front-of-package food labels had the same, lower, and higher
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effects on healthy food-related behaviors than physical labels, respectively.
Furthermore, this study identified fewer articles on interactive and
technology-enabled labels compared to static labels. The implications of
these findings are that there is a research gap regarding the effects of
interactive and technology-enabled labels on healthy food-related
behavior, and the results of this study indicate that the latter may be

effective in increasing healthy food-related behavior.

Study 2: The impact of self-monitoring, pre-commitment, and social
comparison technology-enabled healthy food labels had the most to least
impact on choice behavior in that order. Furthermore, minor differences
were observed as self-monitoring labels had more impact on impulsive vs.
non-impulsive participants, pre-commitment labels had more impact on
impulsive vs. non-impulsive participants, and social comparison labels had
more impact on non-impulsive than impulsive participants. These findings
imply that the self-monitoring labels had a greater impact on food choice
than financial incentives for selecting healthy food products provided by the

precommitment labels.

Study 3: Technology-enabled healthy food labels allow for new bilateral
contingencies between firms and consumers. Two technology-enabled
labels are used as examples. One label may fulfill consumers’ needs by
clarifying what products they consider healthy, and another may fulfill
needs related to food variety. In the marketing research section, the
previous research, methods, and parameters of these two labels are
discussed. In the marketing intelligence section, suggestions are provided
to create a marketing intelligence system regarding these labels. In the
marketing mix management, product, promotion, price, and place were

analyzed. Healthy food products may be defined by their structure or
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function. These labels are a form of promotion that occurs as a result of
rule-governed behavior. Price as a variable is analyzed by firms’ and
consumers’ perspectives, and pricing methods regarding these labels are
provided. Placement of these labels can occur at the overall basket level or

the individual product level.

Study 4: The impact of technology-enabled labels based on definitions
by the individual consumers making the decision, public policy measures,
and retailers had the most to least impact on verbal reports of likelihood to
purchase in that order. Furthermore, the findings show a difference
between products and categories of what public policy and consumers
define as healthy food products. Most participants indicated that they

would react positively if they saw such labels in a real online grocery store.

The remaining part of this introduction chapter will introduce the
following topics in order to provide the reader with the necessary
knowledge to evaluate how the studies in this thesis bring forth the overall
research question, the sub-research questions, and contributions. First, it
will introduce the background regarding the problem of unhealthy food
choices, the previously attempted strategies, the problem from a behavioral
sciences perspective, and the problem from an information systems
perspective. Second, it will introduce the conceptual framework of this
thesis, consisting of its stance on the philosophy of science, relevant
research on digitalized healthy food labels, and the operant systems
perspective. Third, it will present the methods used and reflections on the
studies in this thesis. Fourth, it will present the general interpretation of the
findings, their implications for societal and academic issues, and ethical

considerations. Finally, future research regarding a broader understanding
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of how companies’ digitalization processes are shaped by consumers will

be presented.

2 BACKGROUND

2.1 The Problem of Unhealthy Food Consumption

Unhealthy food choice is a problem that affects society as a whole in
that more people are obese than before, and obesity (a) is is associated
with non-communicable diseases, (b) may impacts mental health, (c)is a
large economic burden, and (d) particularly impact low- and middle-
income countries. For instance, the two primary causes of obesity are
unhealthy food consumption and a sedentary lifestyle (World Health
Organization, 2024). The same source points out that adult obesity has
more than doubled since 1990, and one in eight people will be obese in
2022 worldwide. Being obese is associated with a higher risk of
noncommunicable diseases, and it has been estimated that 5 million
people died from diseases related to obesity in 2019. These diseases
include diabetes, cancers, neurological and digestive disorders, and
cardiovascular and chronic respiratory diseases. In overweight children and
adolescents, obesity in terms of psychosocial consequences may impact
academic performance, quality of life, and incur stigma and discrimination.
It has been estimated that the economic burden of obesity will reach 3 to
18 trillion US dollars by 2030 and 2060 if nothing is done. Low- and middle-
income countries are particularly affected by this as they face the double
burden of malnutrition, whereby individuals are consuming excess caloric-

dense foods, which are also poor in micronutrients.

These problems are now affecting companies, as they are currently

experiencing more pressure from organizations and governments to solve
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this issue; it may lead to stricter regulations on what they can offer to
consumers and damage their reputation. These issues may result in a loss
of profit. For example, the World Health Organization (2020) has suggested
reducing incentives for the food industry to continue the production of
unhealthy food, and several countries have followed along (Popkin et al.,
2021). Chile has implemented restrictions on the marketing of food
products, and Brazil has banned unhealthy foods in schools. Together with
other countries such as Mexico, Peru, Israel, and Uruguay, they have
implemented warning labels on unhealthy food products. The World Bank
Group (2020) states that more than 40 countries have taxes on sugar-
sweetened beverages, and some research indicates that brands that are
considered unhealthy are perceived as less healthy, more caloric, and cost
less than food products with no brand information (Masterson et al., 2020).
In the same study, participants perceived healthy food to have higher prices
than unhealthy foods. Moreover, several studies show that consumers are
willing to pay a higher price for healthier foods than unhealthy food
products (Alsubhi et al., 2023). Several established online grocery
companies, such as Tesco (Quinn, 2023; Tesco, 2012), Sainsbury’s (n.d.,
2021; Sainsbury’s, 2021), and Walmart (n.d.), are now looking at how to
promote healthier products, with or without the use of digital technologies.
The implication of such research is that companies may face decreased
profits as a result of having a poor reputation, that healthy food products
are perceived to cost more, and that consumers are willing to pay more for

healthy than unhealthy food products.

These problems also negatively affect consumers, as most state verbally
that they want to eat healthier and that their needs and wants are not being

met. A survey by McKinsey & Company (Grimmelt, 2022) suggests that 70%
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of participants stated that they want to be healthier, and 50% stated that
healthy eating is a top priority, including reducing consumption of
processed foods and sugar. Another survey by Deloitte (Edsall et al., 2022)
suggests that, in spite of the recent inflation in the United States,
consumers still state that they consider health and wellness when
purchasing fresh food products. In the same report, 55% of consumers
stated that they are willing to pay a premium for healthy foods, 48% stated
that they are willing to share dietary preferences with grocers to personalize
healthy food recommendations, and 48% are willing to use digital shopping
websites or apps for such information. Similar results have also been found
by NielsenlQ (2021), as roughly half of consumers stated that aspirational
needs, in terms of achieving specific health goals, is a top priority, that this
has become more important in the last two years, and that they are
interested in products that can be customized to meet their specific health
needs. In addition, three out of four consumers stated that they feel that
product labels need to be more specific and transparent in order to help
them make healthier choices. Similarly, roughly half of the participants said
that they now care more about their health, and they spend more on
healthier food products than before the COVID-19 pandemic (Kamel et al.,
2021). LEK (Steingoltz, 2018) reports that consumers said they try to eat
healthy most of the time and that three out of four said that they try to
commit to eating in accordance with health, wellness, ethical, and
environmental concerns. Based on these considerations, companies could

improve in meeting consumers’ needs and wants.

2.2 Previous Strategies
Several previous studies have investigated different strategies for these

problems, ranging from hard approaches, which involve strict market
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regulations, to soft approaches, which involve education or companies
themselves making efforts to address these challenges (Vecchio & Cavallo,
2019). Building on this, such approaches may include regulations, taxation,
subsidies, nudging, marketing strategies, and front-of-package food
labeling of certain food products. These strategies differ in their effect,

practicalities, and ethical aspects in increasing healthy food choices.
Figure 2
Previous Strategies to Unhealthy Food Consumption

Regulations, Taxations, and Nudge Theory Marketing Strategies Front-of-Package Food Labels
Subsidising
< >

Hard approaches Soft approaches

Regarding regulations, the banning of advertising unhealthy food and
beverages is happening at public transportation networks in cities such as
London and Amsterdam, and the Australian Capital Territory has done so
public transportation networks, while premises at the Ministry of Health in
Brazil, and on broader national levels such as Chile, Latvia, Ireland, and
Finland (Chung et al., 2022) the same can be seen. The same study
suggests that other studies have demonstrated a decline in purchases of
sugar-sweetened beverages after Chile implemented its advertising law,
school food policies, and warning labels. Regarding taxation and subsidies,
some research indicates that taxes on unhealthy food and beverages show
reductions in purchases of such products (Sacks et al., 2021). The practical
implications are that some studies indicate a potential substitution of non-
taxed unhealthy foods, which points to the challenge of defining what
counts as healthy products. Furthermore, some research also indicates
that price reductions in fruits and vegetables could lead to significant

changes in consumption and purchases in an impactful way to produce
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health benefits (Huangfu et al., 2024). In terms of general practicalities of
regulations and taxation, general barriers to these implementations include
the question of what classifies as unhealthy foods, lack of political will,
impracticalities concerning monitoring and enforcement, and public
support. In relation to the ethical consideration of these approaches, they
impose restrictions on consumer freedom in the sense that their choices

are restricted.

Nudge theory can be defined as the study of nudges, and several articles
exist on the subject of increasing healthy food choices. Nudges, as defined
by Thaler and Sunstein (2009, p. 6), are “aspects of the choice architecture
that alters people’s behavior in a predictable way without forbidding any
options or significantly changing their economic incentives.” Several
nudges have been proposed and studied in the context of increasing
healthy food choices. For instance, some have investigated how
accessibility, presentation of individual food items, use of messages and
pictures, sensory stimuli, cognitive loading, and technology-supported
information may help people live healthier lives (Ledderer et al., 2020).
Others have investigated how descriptive and evaluative food labels,
visibility, hedonic, convenience, size enhancements, and direct
encouragement may impact healthy and unhealthy eating (Cadario &
Chandon, 2020). Furthermore, some have investigated how altering
properties, placement, or combining both of these factors influences
healthy food choices (Tarris & Mobekk, 2019). Moreover, product
placement, default options, priming, environmental cues, portion size, and
food bundling have also been investigated in relation to promoting healthy
food products (Vecchio & Cavallo, 2019). However, some authors (Vecchio

& Cavallo, 2019) have suggested that although the majority of studies in
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their review found a positive effect, the practicalities are that the effects of
nudge studies are often short-term, relatively small, and their use of non-
representative samples may limit the external validity of these findings. The
ethical implications of nudges are that they could be used unethically by
not informing participants that such nudges take place, and one way to
address this issue is by increasing the transparency of nudges or providing
nudges that the participants can self-impose (Michels et al., 2023). Nudges
differ from regulations, taxation, and subsidies of foods in that they alter
people’s behavior by changing choice architecture without restricting

choice or significantly altering economic incentives.

Marketing strategies, such as the marketing mix, which describes a
combination of products, promotion, price, and placement (Kotler & Keller,
2016), may also be used to increase healthy food choices. For instance,
some research has analyzed studies that used these factors and analyzed
them individually or in combination with purchase and consumer-related
behavior, and the results show that promotion may be effective in
increasing healthy food choices (Karpyn et al., 2020). Furthermore, some
have investigated whether commercial viability, retailer and customer
perceptions, and societal outcomes in relation to product, price,
placement, promotion, and combined elements of these produce
favorable, neutral, unfavorable, or mixed outcomes in relation to healthy
food retail strategies (Blake et al., 2019). There exists some research that
has investigated factors that affect owners’ and managers’ decisions to use
strategies to encourage healthy food purchases in consumers, suggesting
that individual factors such as employees, interpersonal relationships, the
store environment, community factors, sectors, policies, and broader

sociocultural norms and values may impact whether they would support
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initiatives to encourage healthy food choices in consumers (Houghtaling et
al., 2019). The practicalities are that grocery stores are the locations where
consumers purchase their food products, and factors presented in these
situations are likely to have more impact than interventions presented
elsewhere. Companies are also more likely to continue using such
interventions if they result in further profit. However, promoting healthy
products based on limited consumer knowledge may also pose negative
unforeseen consequences (e.g., the health halo effect; see Ikonen et al.,
2020; Roberto & Kawachi, 2014). Marketing strategies are strategies to
identify and meet human and societal needs (Kotler & Keller, 2016), and the
marketing mix differs from regulations, taxation, subsidies, and nudges in
the following manner. First, the actors of these strategies also include
private companies, not limited to governments and countries. Second,
these strategies emphasize identifying and meeting human and societal
needs, not necessarily changing people’s behavior, although they could do
so. Lastly, these strategies can alter people’s behavior by restricting choice
or changing the economic incentives, for instance, by changing product

options or price.

Front-of-package food labels signal to the consumers how healthy food
products are and may be classified into summary, nutrient-specific (Hersey
et al., 2013; Ikonen et al., 2020; Temple, 2020), or combined labels.
Summary labels signal how healthy the productis overall and may be
presented as single- or graded summary labels. Single summary labels are
binary in that their presence indicates whether the product is healthy or
unhealthy, while graded summary labels provide an evaluation ranging from
a low to a high degree of whether the product is healthy or not. Nutrient-

specific labels present several nutrients on the same product and signal
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that the nutrients are considered healthy. Similarly, they can be single and
graded labels where each nutrient is presented as binary or specifying its
value in a minimum and maximum range of how healthy the productis. In
addition, nutrient-specific labels may be percentage-based as they
illustrate how the nutrients of a product relate to the recommended daily
intake of some highlighted nutrients. Combined labels use elements of
both summary and nutrient-specific labels. Current and historical
examples of these labels exist (Kanter et al., 2018). Single summary labels
include the Nordic Keyhole (Forbrukerradet, n.d.) in Norway, Sweden,
Denmark, and Iceland, and Choice’s Program label in the Netherlands,
Belgium, Poland, and the Czech Republic. Similarly, an example of graded
summary labels is the Nutri-Score (Ministere des Solidarités et de la Santé,
2022) in France. More recently, other countries, including Belgium, Spain,
Germany, the Netherlands, Luxembourg, and Switzerland, have
implemented this label system (Egnell et al., 2020). Examples of single
nutrient-specific labels are warning labels (Reyes et al., 2019) in Chile,
Finland, and Israel, and the 25% reduced label in Thailand. Graded nutrient-
specific labels include traffic light labeling (Food and Drink Federation,
n.d.), found in the United Kingdom, South Korea, and Ecuador. Percentage-
based labels include Guideline Daily Amounts (Food and Drink Federation,
n.d.) in the United States, the United Kingdom, and other European
countries (Hersey et al., 2013). Lastly, an example of combined labels
involves the Health Star Rating System (Department of Health, 2021), which
can be found in Australia and New Zealand. Several systematic reviews
exist on the topic. Some have examined their impact on (a) attention, (b)
understanding, (c) reported and observed use or likely to use, (d) purchase

behavior, and (e) likelihood of, reported, and observed consumption of



35

foods related to these labels (Hersey et al., 2013). Others have looked at
similar variables but also investigated perceived healthiness, tastiness,
attitude, identification of healthy products, and choice of products in the
context of these labels (Ikonen et al., 2020). Moreover, reviews have
investigated these labels in the context of dual-processing theory, analyzing
contextual and personal variables, system 1 or system 2 processing
features, and choice features (Sanjari et al., 2017) in relation only to
purchase behavior (An et al., 2021). Front-of-package food labels differ
from regulations, taxation, subsidies, nudges, and marketing strategies in
the following way. First, some of these labels are regulated by governments.
However, such labels could be developed and used by private companies.
Such labels could co-occur with taxes and substitutes, but they do not
always imply this. Furthermore, these can qualify as nudges if they alter
people’s behavior without restricting their choices or economic incentives.
However, if a country has implemented taxes on products with high sugar
content, then a sugar warning label would not be considered a nudge
because it changes economic incentives. Lastly, these labels could be
viewed as a promotion in the marketing mix. However, they do not describe

the whole marketing mix.

2.3 From a Behavioral Sciences Perspective

Within behavioral sciences, several approaches exist to study behavior,
conceptual frameworks on why people engage in healthy behaviors, and
how front-of-package food labels impact healthy food behavior. Behavioral
sciences refer to any discipline that studies variables that impact behavior
(Cohen et al., 2013; Hallsworth, 2023). The specific disciplines are defined
by what behaviors they study or where they look for explanations. These are

often measured in a quantitative manner. For instance, aspects of political
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science, sociology, clinical psychology, economics, health science,
education, business, consumer behavior, and even information systems
study what people do. These may include how many presidential vetoes
occur in a given period, the proportion of women in the workforce, the
number of business startups in a given location, whether people follow
medical regimes, academic achievement, employee turnover, the number
of products purchased by consumers, or whether consumers choose self-

serving checkouts over traditional checkouts to decrease labor costs.

There are several conceptual frameworks within behavioral sciences and
consumer behavior related to what influences healthy behaviors. In
behavioral sciences, the health belief model, social cognitive theory, and
transtheoretical model have been used to investigate health behaviors
(Glanz & Bishop, 2010). Furthermore, Liu et al. (2014) suggest that
overeating may stem from our tendency to overemphasize immediate
benefits compared to delayed benefits, situations that may elicit certain
emotions, and default options of unhealthy food products, and they
proposed that strategies to increase healthy behaviors could be
precommitment to healthy food choices, managing unhealthy cues, and
using healthy defaults (Liu et al., 2014). In addition, Roberto and Kawachi
(2014) have built on similar ideas but also propose avoiding unintentional
consequences, investigating simplicity, framing, and providing meaningful
communication regarding how healthy the food products are to consumers.
Conceptual frameworks related to front-of-package food labeling and its
impact on consumer behavior involve nudge theory (An et al., 2021), dual-
process theory (Sanjari et al., 2017), and other interdisciplinary models
(Hersey et al., 2013; Roberto et al., 2021; Taillie et al., 2020). In consumer

research, although other disciplines have contributed to the study of
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consumer behavior (Holbrook, 1987), the main theoretical perspective has
been cognitive explanations rather than how environmental variables
contingent on behavior impact consumer behavior (Foxall, 2010).
Consumer behavior analysis is an interdisciplinary research field that
combines behavior analysis, behavioral economics, and marketing science
(Foxall, 2016). Its goal is to describe, predict, influence (Cooper et al.,
2020), and interpret consumer behaviors (Foxall, 1998) by investigating
environmental or situational variables. This approach has the following
benefits. First, food environments impact what consumers choose (Lake &
Townshend, 2006), and arranging environmental conditions such that
people make better choices is essential for obesity prevention (Sigurdsson
etal., 2017). Second, research on consumer behavior incorporating
situational events has more predictive power than research lacking this
(Foxall, 2005). Third, environmental events impacting consumer behavior
can be rigorously evaluated in controlled or closed settings or investigated
in open settings (Fagerstram & Sigurdsson, 2015; Wells, 2014). Studying
how consumer behavior changes due to environmental variables is also of
practical concern for actors who want to promote healthier products. For
instance, it may be more practical to change environmental factors rather
than change people’s thoughts, beliefs, and attitudes. Furthermore, with
the recent development of different technologies, one may better
investigate the relationship between environmental variables and how they
impact consumer behavior. More specifically, technologies may transform
data into information that arranges environmental variables in a way that is
based on the individual consumer rather than data based on the group

level.
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2.4 From an Information Systems Perspective

Within information systems, several new technologies have been
proposed in retail settings, and several studies on how they impact
consumer behavior exist. Information systems are characterized by
collecting, storing, processing, and analyzing data to disseminate
information to solve specific problems for decision-makers, typically
bringing value to an organization (Rainer & Prince, 2021; Stair & Reynolds,
2018). The process of digitalization, the use of a specific type of new
technology, is occurring in many aspects of our lives, including food and
retail environments. Digitalization refers to the use of digital technologies
that bring value to an organization or a consumer beyond merely
transforming information in a digital format (Mergel et al., 2019; Parviainen
et al., 2017). Digitalization strategies such as implementing mobile devices,
wearables, smart speakers, augmented reality, virtual reality, mixed reality,
Internet of Things, chatbots, smart mirrors, payment technologies, hand-
held scanners, price scanners, RFID, and blockchain technologies (Shankar
et al., 2021) have been proposed. Similarly, barcode scanning, smart carts,
in-store coupon dispensers, kiosks, mobile apps, self-scanning, QueVision,
smart shelves, personalized promotions and prices, and scan and go have
been implemented (Inman & Nikolova, 2017). Grocery stores can use
several digitalization strategies, and several variables related to healthy
food choices have been investigated. Digitalization occurs in external
domains such as vendors and products, marketing, prices, availability, and
personal domains regarding desirability, accessibility, affordability, and
convenience (Granheim et al., 2022). External domains include brick-and-
click retail, food labeling requirements in online settings, prices related to

delivery fees, and the number of available products in online settings.
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Examples of personal domains include self-tracking apps for weight
management, consumers’ transportation needs, the affect of consumers’
perceptions of price on intentions and willingness to use food delivery
services and online food retail, and meal plans to reduce effort related to
cooking and preparing food. Likewise, online food labeling, food swapping,
default options, enhancing product salience, and combinations of these
can be used (Valencic et al., 2022). Similarly, translating or making
information available, providing social reference points, changing choice
defaults, efforts, range of options, and option consequences have been
investigated (Wyse et al., 2021). The marketing mix approach has also been
investigated in online grocery stores (Khandpur et al., 2020). Prices may be
changed through discounts, rewards, and time-limited deals. Promotion
may be used by displaying advertisements, branded content sites, social
media, user feedback, and point-of-purchase information. Placements
such as cross-promotion, search results orders, and recommendations in
the online grocery store may be presented. Product mixes using
personalized storefronts based on consumers’ revealed preferences may
also be used. Front-of-package labels in relation to other interventions that
could be integrated with digital technology (Schruff-Lim et al., 2023) have
likewise been examined. These interventions include reference information,
educational material, training to use labels, presentation orders, health
risks, basket feedback, social norms, healthy eating prompts, food swaps,
financial incentives, and the introduction of new foods. Others have
investigated real-time price, updated expiry dates, customer experience
index, personalized offers (Fagerstram, Eriksson, et al., 2020), consumers’
rating of healthfulness (Fagerstrgm et al., 2022), and product rating

(Sigurdsson et al., 2024) of healthy foods.



40

Several scholars have also suggested investigating interactive and
technology-enabled aspects of digitalization. In addition, personalized,
dynamic, and real-time aspects could be investigated. For instance,
Verhoef et al. (2021) state that some digital firms use analytics to
personalize offers and services and tailor new offerings with dynamic
pricing. Shankar et al. (2021) suggest that technology companies’ use of
interactive features and provision of personalized digital coupons could
increase sales and consumer loyalty. Similarly, Inman and Nikolova (2017)
state that retailers could use technologies to provide personalized coupons
or content, change prices dynamically, and make personalized offers in
real-time. Likewise, Valencic et al. (2022) state that online environments
have the potential for the personalized display of products in accordance
with consumers’ dietary needs. Vial (2021) states that dynamic capabilities
and ethics related to digital transformation should be investigated and that
digital transformation is broader in scope than information-technology-
enabled transformation. In addition, others have investigated how
personalized offers, real-time prices, updated expiry dates, and aggregated
national customer experience indexes impact the likelihood to buy fish by
using smartphone apps and the tendency to interact with them

(Fagerstrgm, Eriksson, et al., 2020).

2.5 Research Gap

To the best of my knowledge, these were the research gaps during the
initial stage of this thesis. First, there was a lack of systematic reviews on
digitalized front-of-package food labeling on healthy food-related behavior.
Second, there was a lack of research on technology-enabled labels derived
from knowledge related to variables that minimize behavioral impulsivity,

how consumers react to these labels, and whether some are more effective
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for impulsive consumers. Third, there was a lack of investigation into the
development of technology-enabled labels from companies through their
interaction with their consumers from a consumer behavior analysis
framework. Fourth, there was a lack of research on technology-enabled
labels where each consumer could define what products they

consider healthy, how this impacts consumer behavior, and how this differs
from public policy and retailer based technology-enabled healthy food
labeling. There are also several research gaps based on information
systems and behavioral sciences on the topic. Regarding information
systems, little attention has been given to digitalized healthy food labels
despite many overlapping research topics. For instance, there is substantial
conceptual research on digital technologies (Bharadwaj et al., 2013; Hund
et al., 2021; Vial, 2021), emerging retail technologies (Granheim et al.,
2022; Inman & Nikolova, 2017; Shankar et al., 2021), and proposed digital
technologies related to healthy food (Granheim et al., 2022; Pitts et al.,
2018). However, relatively little attention has been given to developing a
classification system and empirically examining the relative impact of novel
digitalized healthy food labeling systems on consumer behavior. Regarding
behavioral sciences, several conceptualizations exist on how to increase
healthy food choices (Glanz & Bishop, 2010; Liu et al., 2014; Roberto &
Kawachi, 2014), but few have been applied through the use of digitalized
healthy food labels. Additionally, there exist several conceptualizations or
empirical investigations on how environmental factors impact consumer
behavior related to healthy food, such as the three-term contingency
(Rafacz, 2019), the behavioral perspective model (Sigurdsson et al., 2017),
delay discounting (Appelhans et al., 2018), and rule-governed behavior

(Eriksson et al., 2023). However, few have employed these through the use
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of digitalized healthy food labeling. Lastly, even less attention has been
paid to synthesizing these research streams into one conceptual framework

that combines these with empirical investigations of these relations.

3 CONCEPTUAL FRAMEWORK

The conceptual framework of this thesis is the operant systems
perspective in the context of digitalized healthy food labels and consumer
behavior. This section will describe the necessary concepts and their
relations by first stating its stance on the philosophy of science. It will then
follow conceptualizations related to information systems, digital
technologies, and digitalization. Next, it will present conceptualizations
related to digitalized healthy food labeling and consumer behavior. Lastly,
the operant systems perspective will be described based on previous

literature on consumer behavior analysis.

3.1 The Philosophy of Science

The philosophy of science consists of explicitly identifying assumptions
in research. This section will introduce this thesis’ stance on the philosophy
of science by stating assumptions about ontology, epistemology, and

axiology.

Traditionally, the philosophy of science (or research) can broadly be
classified by describing ontology (what reality is), epistemology (methods of
deriving valid knowledge), and axiology (the value of knowledge acquired)
(Saunders, 2009). In the context of ontology, this thesis assumes monism
and determinism. It assumes one reality or world exists, while other
stances, such as dualism, assume two realities or worlds. The reasoning is
based on the mind-body problem associated with dualism in psychology

(Baum, 2017) and the general problem of how one world impacts another. It
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assumes that we all live in a physical reality that we share and that our
unique perceptions, judgments, and actions are physical events that are
not occurring in another dimension. Furthermore, this thesis assumes that
any phenomenon exists due to prior phenomena, including human
behavior. This assumption is based on the view that phenomena do not
come into existence without prior phenomena causing the former to occur
(Cooper et al., 2020). However, identifying these relations empirically is
challenging, as most have a probabilistic chance of occurring. For instance,
not identifying all relevant variables that cause changes to the variable of
interest, the presence of measurement errors, and studying phenomena
characterized by complexity make studying these relations difficult.
Building on these ideas regarding individual behavior, one may say that
individual behavior results from people’s genetic makeup, what they have
experienced in their lives, and the situational context of these behaviors
(Baum, 2017). Social phenomena occur when individuals interact but adapt
to each other, and a group’s decision may be more than the sum of the
individuals’ decisions. Hence, these phenomena are characterized

by high degrees of complexity and emergent properties (see Axelrod &
Cohen, 2008, for these terms). However, this does not rule out monism and

determinism.

In epistemology, this thesis assumes that true knowledge or statements
can be understood based on pragmatism. Pragmatism in the context of the
philosophy of truth emphasizes that knowledge may be assessed by how
well it promotes effective action by developing a conceptual economic
framework that allows us to describe phenomena and their relation to other
phenomena (Baum, 2017; Cooper et al., 2020). Actions are a way to change

experiences or environments in a favorable way (Goldkuhl, 2004).
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Pragmatism implies an interest in actions analyzed contextually; knowledge
is demonstrated through actions and their practical consequences
(Goldkuhl, 2004). This may differ from other approaches, such as realism
(or a mirror view of science). In realism, there is a difference between
objective and subjective phenomena, and valid knowledge is where our
subjective perception matches objective events. Objective phenomena are
typically described as real phenomena that are only indirectly perceived by
our senses, which are subjective experiences. For instance, if someone’s
subjective experience led to them saying, “Under that table, there is a black
cat”, that statementis true if a black cat is underneath that table. Suppose
several independent observers investigate this critically and come to the
same conclusion. In that case, it is more likely that a black cat is there,
which indicates that the statement is true. An alternative to this is
pragmatism. Pragmatism builds on the idea that statements are true when
they can reliably change experience, nature, or other phenomena,
regardless of whether our subjective experiences match the objective
phenomena. For instance, consider the statement, “The light is green.”
From a realism perspective, this statement would be true if it matched a
green light. In pragmatism, if this statement reliably causes a change in
events, such as people’s behavior, then it is true that it has that function.
For instance, if such statements reliably make people drive on the road or
continue using the same strategy when working, they do indeed have that
function. In pragmatism, the ontological, epistemological, and axiological
approaches or strategies to find valid knowledge stem from the research
question (Saunders, 2009), and the best method is the one that can
demonstrate reliable changes in what is being studied. Following a

pragmatic empiricist approach (Hantula, 2005), several methods may be
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used to investigate how environmental variables change consumer
behavior. Examples of these include using laboratory experiments,

microworlds, and field experimentation (Fagerstrem & Sigurdsson, 2015).

In the context of axiology, judgments regarding value are important in
research. These include which questions one asks, who benefits from these
research findings, and the impact of such research. First, not all research
questions are worthwhile, and those worth asking can have practical
implications for society or advance a research field. All researchers have
some prior background or knowledge regarding certain topics and methods,
which influences the outcome of the questions being asked. Having value-
free research on a complex topic such as digital technologies and
consumer behavior may be unrealistic due to limited resources and the
many different research fields, conceptualizations, and methods. Second,
some research is more focused on providing benefits at a societal level for
companies or consumers, while others try to combine contributions for all
these actors. Some research emphasizes depth more, while other studies
emphasize breadth and how much they cover. Again, these considerations

are value judgments.

These points regarding the philosophy of science may have impacted
this thesis and the studies in the following way. First, it assumes that
individual consumers react to novel products presented by digital
technologies due to their genetics, prior experience with these, and other
situational factors (Baum, 2017). Although the former was not directly
investigated, it was assumed that consumers have individual differences in
preferences, while prior experience and current environmental variables
were directly analyzed. In addition, these phenomena can be studied in

various ways, both quantitatively and conceptually. Furthermore, this thesis
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does not aim to find a truth according to the criteria of realism and rather
emphasizes pragmatism. Different digitalized labels were evaluated to
determine whether they could reliably lead to effective actions or
conceptual frameworks using systematic review, conjoint experiments, and
conceptual analyses. The systematic review aimed to develop a clear
classification for these labels, to identify previous research and labeling
systems, and to investigate how they impact consumer behavior. The
choice-based conjoint experiment aimed to investigate whether some
technology-enabled labels based on variables that decrease impulsivity are
preferred by consumers and whether some of these are more preferred by
impulsive consumers. The conceptual paper consisted of describing the
process of how technology-enabled labels emerge when companies
interact with their consumers and how to understand this with emphasis on
environmental variables. The rating-based conjoint experiment consisted of
an examination of how different sources that explain what products are
healthy impact consumer behavior. It may be too early to evaluate whether
these findings can reliably change the state of affairs, as more research is
needed on the topic, and these results must be looked at in light of the
methods used. For instance, conjoint experiments are based on
evaluations of hypothetical purchase situations, and these may differ from
real purchase situations. The results of the experiment show that some
technology-enabled labels are preferred over others, and the conceptual
paper sheds some light on how companies may develop these labels. In
terms of value judgments, it is still too early to evaluate whether companies
willimplement these findings and whether they are of value to consumers

and society at large.
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3.2 Information Systems, Digital Technologies, and Digitalization
Technology may be defined broadly as any human activity or artifacts of
such activities that reliably solve practical problems or aid in achieving a
practical goal (Dusek, 2006; Skolnikoff, 1994) and, it sometimes also refers
to using scientific knowledge in business, industry, and manufacturing
(Cambridge Dictionary, n.d.). Information systems are a type of technology.
Such systems are characterized by collecting, storing, processing, and
analyzing data to disseminate information to solve specific problems for
decision-makers, typically bringing value to an organization (Rainer &
Prince, 2021; Stair & Reynolds, 2018). Typically, data is processed into
information or knowledge by specifying the information technology used.
These are their hardware, software, databases, networks, procedures, and
people using them. Organizations have used several types of information
systems based on information technologies. Examples of these are
transaction processing systems, functional area information systems,
enterprise resource planning systems, office automation systems,
management information systems, decision support systems, expert
systems, and electronic commerce systems. Previously, such systems
were developed to meet the strategic models of the organization.
Furthermore, the adoption of new technologies is essential to be studied
and several theories have proposed variables that may impact technology
adaptation. These include theories such as the Theory of Diffusion and
Innovation, the Theory of Task-Technology Fit, the Theory of Reasonable
Action, the Theory of Planned Behavior, the Technology Acceptance Model
and its variants, and the Unified Theory of Acceptance and Use of
Technology (Lai, 2017). These theories describe how technology adoption

occurs by specifying different segments and that they may have different
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needs and wants; characteristics of tasks and technology characteristics
and theirimpact on performance and utilization; relationships between
attitudes and subjective norms and perceived behavioral control on
intention and then behavior; perceived usefulness and ease of use on
attitude and then usage; and other variables that may moderate these

effects.

It is essential to investigate how people interact with technologies.
Building on this, Zhang and colleagues (Zhang & Li, 2005; Zhang et al., 2009)
have proposed that human-computer interaction overlaps with information
systems. They study how humans interact with technologies or information
within an important social context, such as businesses, organizations, and
cultural contexts. Within information systems, they investigated (a) what
human-computer interaction consists of, (b) its relationship to other fields,
(c) how it is evolving, (d) patterns of publication in information systems
research, and (e) identified major contributing scholars (Zhang et al., 2009).
First, such research focuses on organization, work, and marketplace
contexts; it focuses on information technology use and impact over
development: topics on information technology development, such as user
interface design, development, and evaluation co-occurred most with
research on information technology use and impact. Furthermore,
empirical methods such as surveys, lab experiments, and field studies
were frequently used; individuals, organizations, both, and none were most
to least frequently studied; and end-computing is more frequently studied
than organizational/social computing. Second, conceptual development
from other research fields such as information, computing, communication
services, behavioral and cognitive sciences, commerce, management,

tourism, and services was common. Additionally, information systems,
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psychology, business, and management were the most co-occurring
research disciplines, and information technology development topics were
primarily built from more focused research fields compared to information
and technology use and impacts. Third, more recent research focuses on
other contexts besides than organization and workplace, especially on
marketplace contexts; more research investigates several topics per paper;
topics are primarily based on cognitive beliefs and behaviors; there is
increasing research undertaken by using conceptual papers, studying
groups, end-user computing with emphasis on web technologies, and
behavioral and cognitive sciences research. Fourth, more human-computer
interaction is becoming more dominant in primary information systems
journals, and such journals encourage multi-disciplinary work, but have
slight differences in topics, methods, and focuses on research disciplines.
Lastly, there has been an increase in researchers and institutions

publishing in human-computer interaction within these journals.

Traditionally, information technologies were first developed and then
later assessed to determine how they impact humans, although this
strategy is now changing. That is, information technologies were developed
to meet and satisfy organizational strategic models. An alternative to this
so-called business-information technology alignment view (Bharadwaj et
al., 2013; Rainer & Prince, 2021) is to examine how technologies can be
used to provide new value, and, in addition, be used to shape organizational
strategic models themselves. There is now new emerging research related
to information systems, technologies, contexts, and conceptualizations
that integrates these increases in research as mentioned. These are related
to digital technologies, digitization, digitalization, digital transformation,

and digital innovation, especially within the marketplace context, such as
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studying consumer behavior. New technologies, such as digital
technologies, may be used or developed by retailers to give consumers or
companies more value. Digital technology is a specific type of technology
that “combines information, computing, communication, and connectivity
technologies that transform business strategies, processes, firm
capabilities, products and services, and key interfirm relationships in
extended business networks” (Bharadwaj et al., 2013, p. 471). Digital
technologies overlap with information technology but contribute a different
emphasis. Digital technologies do not add emphasis on hardware,
software, database, network, procedures, and people using them because
there exist several third parties that deliver these services and provide these
features. Hence, companies may rather focus on the functional aspects of
information delivery rather than specifying their structural properties. That
is, focusing on what the technology can deliver instead of what it consists
of. Following this, digital technologies may impact the scope, scale, speed,
and source of value more flexibly than specifying their traditional
information technology components and infrastructure. For instance, by
examining what data is transformed into information, the operations
needed for such a computation, how information is exchanged from one
actor to another through communication, and how data is collected,
exchanged, or manipulated from one actor to another through connectivity,
it allows companies, in some instances, to focus on the most important
aspects within an information systems rather than the information

technology infrastructures.

Digitization includes encoding analogue information into a digital format
(Hund et al., 2021; Mergel et al., 2019; Parviainen et al., 2017; Verhoef et al.,
2021; Warner & Wager, 2019). Extending this, digitalization refers to using
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digital technologies to provide new value beyond merely transforming
analogue information into a digital format (Mergel et al., 2019; Parviainen et
al., 2017; Verhoef et al., 2021; Warner & Wager, 2019). In the last step,
digital transformation refers to the process that aims to improve an entity by
making changes to its properties, usually its strategic models, through the
use of digital technologies (Verhoef et al., 2021; Vial, 2021; Warner & Wager,
2019). For instance, Vial (2021) suggests a seven-step digital transformation
conceptualization, which can be extended to digitalization. This framework
differs from information technology-enabled transformation in that the
entity is broader, not only related to specific organizations, has implications
for other entities (individuals, companies, and society) (Vial, 2021), and has
greater potential to redefine the entity’s value proposition rather than using
technologies to support established value propositions (Wessel et al.,
2021). Vial (2021) states that combinations of digital technologies could
impact business models and account for external factors. Specifically,
digital technologies (1) may fuel disruptions, (2) and trigger strategic
responses from entities, (3) to use these digital technologies, (4) which
could enable changes in value creation paths depending on (5) structural
changes and (6) organizational barriers, and (7) which affects positive and
negative impacts. Another conceptualization presented by Verhoef et al.
(2021) suggests three steps. These include external drivers, phases, and
strategic imperatives of digital transformation. In the public sector, Mergel
et al. (2019) state that digital transformation can be understood in the
context of its reasons for implementation, what is being transformed, the
transformation process, and the results of digital transformation. Wessel et
al. (2021) undertook two case studies, one of which emphasizes digital

transformation and the other focused on information technology-enabled
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organizational transformation, and propose their point of contact and
departure. For both, this involves technological changes, transformation
agendas, transformation activities, their outcomes, and imposition and
reconciliation. More specifically, the environmental and organizational
context may create a need for technological change, driving an agenda
involving evaluating organizational identity, where digital technologies
either redefine or support their existing value proposition, leading to the
emergence of either new or reinforced organizational identity. The change in
value proposition will result in changes in work practice and reconciliation
of action, which again changes how digital technologies impact the value

proposition.

These may lead to digital innovation, resulting in new artifacts (products,
services, or tools) with some economic value (Warner & Wager, 2019).
Following Hund et al. (2021, p. 2), digital innovation may be defined as “the
creation or adoption, and exploitation of an inherently unbounded, value-
adding novelty (e.g., product, service, process, or business model) through
incorporation of digital technology.” They state that digital innovation leads
to the blurring of boundaries and the convergence of entities such as
companies. This leads to shifts in focus on digital infrastructure, platforms,
and ecosystems. Specifically, these are information technology and
organizational structures supporting digital technologies and innovation,
extendable code within software-based systems enabling core
functionalities and modules, and a system described by the collection of
platforms and modules, respectively. This leads to entities such as
companies making strategic decisions driven by digital contexts or
formulating and executing organizational strategies by using digital

resources to create value. Entities and companies may, again, based on
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these, create digital objects, technologies, and innovation depending on
their digital capabilities, organizational forms for digital innovation, and
digital identity and cultures. More specifically, they are the capabilities to
identify and respond to changes and opportunities, proper organizational

forms and structures, and shared norms and beliefs within an entity.

3.3 Digitalized Healthy Food Labels: Static, Interactive, and Technology-
Enabled

Digital technologies drive digitalization by providing value to consumers
and companies (Parviainen et al., 2017; Verhoef et al., 2021; Warner &
Wager, 2019). They may also be used to present digitalized healthy food
labels. Hence, digitalization of healthy food labels is an instance of the use
of digital technologies that changes products and services that have some
value, which are beyond mere digitization. However, presenting digital
technologies could require relatively anywhere from little to complex
processing. For instance, displaying static healthy food labels as they are
presented in physical stores is a type of digitalization because they may
attract consumers and provide them and the company with value by, for
instance, transforming nutritional data into labeling formats. Interactive
labels are similar to static labels, but they may also be presented with
interactive information, that is, the option to gain additional information
about the labeling system or the food product. Lastly, technology-enabled
labels could present personalized, dynamic, and real-time information to
consumers through digital technologies. Specifically, the label’s
appearance may change depending on the type of consumer and what they
do in the online grocery store, and such labels may change based on real-
time information, depending on whether labeling systems are altered.

Furthermore, these digitalized healthy food labels can potentially allow
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digital transformation for online grocery stores as they gain knowledge
regarding consumer insights, which may shape their business models.
Finally, these could also be used for digital innovation in understanding how

consumers react to novel digitalized healthy food labeling.

Research exists on the effects of digitalized static and interactive labels
on consumer behavior. Regarding digitalized static labels, researchers
have, for instance, investigated heart symbols, types of products, and
health claims on consumer preference (Miklavec et al., 2021), gain versus
loss-framing labels on the choice of products they would like to buy (de
Alcantara et al., 2020), medium to high levels of fat with and without color
coding on the identification of unhealthy food products (Antunez et al.,
2015), and different labeling systems on identification of the healthiest
option (Hagmann & Siegrist, 2020). Some of these studies indicate a
positive impact on consumer behavior (Antlnez et al., 2015; de Alcantara et
al., 2020; Hagmann & Siegrist, 2020), while others found no or little
differences (Miklavec et al., 2021). Regarding digitalized interactive labels,
Finkelstein et al. (2021) investigated the impact of a physical activity
equivalent label, a healthy choice label, a combination of these two, and no
label on the purchase of products. When presented with the first two
conditions, hovering their cursor over the physical equivalent label led to
consumers viewing a text explaining that the number refers to the minutes
an average adult would need to jog, equivalent to the calories for that
product. Similarly, Sacks et al. (2011) examined the impact of traffic-light
food labeling on sales of food products in an online grocery store, where the
consumers could click on a specific section to view more details on
nutrition information and the labeling system. Fuchs et al. (2022) created

digital food labels using a Chrome extension that read the nutritional
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information on consumers’ weekly grocery shopping. They could receive
information about the nutritional aspects of the products. Similarly,
Finkelstein et al. (2019) compared the traffic lights and Nutri-Score labels to
the no-label condition on orders from an online grocery store. In all
conditions, consumers had access to nutritional information for each
product. Similarly, some found a positive impact on consumer behavior
(Finkelstein et al., 2019; Fuchs et al., 2022), while others found little
differences (Finkelstein et al., 2021; Sacks et al., 2011).

Some relevant research exists related to technology-enabled healthy
food labels on purchase and choice of products with labels, total calories
selected, orders, and participants’ estimations of calories for foods. The
majority of these found a positive impact. For instance, Braga et al. (2023)
studied the impact of graded summary labels on individual products and a
tally that counted the total scores of selected products in the basket. Shin
et al. (2022) investigated the impact of labels on individual products and on
the basket level, sorting of products by nutritional quality, an explicit tax on
unhealthy food products, and a healthier substitute offer on the choice of
products in a hypothetical online grocery store. Furthermore, De Bauw et al.
(2022) examined the impact of labels on an individual level, at the basket
level, scores of such labels of other consumers that were similar to the
participants, and product recommendations to improve the values of the
basket label of healthy and environmentally friendly food products on food
choice. In restaurant menus, VanEpps et al. (2021) conducted five
experiments to investigate the impact of (a) arbitrary or assumed
meaningful labels in the form of emojis, (b) arbitrary or assumed
meaningful labels in the form of traffic lights, (c) continuous or categorical

traffic lights, (d) continuous or categorical calories labels which were
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dynamic and dependent on the choices of meals by the participants, and
(e) static caloric labels on total caloric content, number of items selected
with the labels, and average calories per item. Moreover, Shin et al. (2020)
investigated the effects of dynamic food labels with real-time feedback, in
combination with sorting products by these labels, on the nutritional quality
of purchases. Specifically, these labels were presented as Nutri-Score
values, time required to burn off calories by jogging, calories, sugar,
sodium, saturated and total fats per serving, and percentage daily
recommended intake at individual and basket levels. Lastly, Gustafson and
Zeballos (2019) examined the impact of static caloric labels on ingredients
and automatically updated caloric information based on the whole product

that consumers ordered and estimated the calories of a sandwich.

3.4 The Operant Systems Perspective

The operant systems perspective is a conceptual framework that
specifies that an entity’s behavior is impacted by its antecedent events and
consequences (Foxall, 1999; Foxall, 2021). That s, it describes a three-term
contingency, which specifies contingent relations between (a) the behavior,
(b) the consequences, and (c) antecedent events. The presence of
consequences and antecedent events depends on behavior, and these
environmental and situational variables may impact behavior. This
perspective may be used to analyze company behavior, consumer behavior,
and their interaction. The latter is referred to as a bilateral contingency, as
one entity’s behavior acts as an antecedent event and consequence for
another entity’s behavior, and vice versa. That is, the reaction of one entity
depends on the behavior of the other entity. In addition, the impact of
technology-enabled labels on consumer behavior can be understood in

this framework. This framework fits with digitalization literature because it
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emphasizes how environmental and situational variables impact consumer
behavior, which is a core feature of digital technologies. Specifically, digital
technologies can create value in the extended interfirm network by enabling
new environments for each actor and connecting actors together. It can
also be used to examine the interaction between how consumers shape
companies, and vice versa, which is an essential feature of digital
transformation. Lastly, digital innovation could be explored by enabling new

environments.

Simply stated, companies’ behavior is shaped by what consumers do,
and consumers’ behavior depends on what companies do. This may be
analyzed by analyzing companies’ and consumers’ behaviors individually
and then synthesizing their interaction (as shown in Figure 2). From the
company’s perspective, a company may perform behaviors such as
marketing research, marketing intelligence, and marketing mix
management activities. Some of these behaviors produce consequences
such as changes to company revenue, profit, and reputation. The
antecedent events, such as consumer choice and changing preferences,
impact marketing research, intelligence, and marketing mix management.
From the consumer’s perspective, their purchases and consumption are
impacted by the consequences these behaviors produce. For instance,
owning and using products after purchase or gaining social attention when
purchasing a highly valued good may change behavior. The antecedent
events for consumer behavior could be specific products, promotions,
prices, and placements. Some of these antecedent events signal that
certain behaviors produce certain consequences, or they moderate the
effectiveness of other consequences, antecedent events, or alter behaviors

that have occurred under specific antecedent events or produced certain
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consequences. The company and consumers interact in the following way.
A company’s marketing mix management presents an offer to consumers.
This offer is an antecedent event for the consumers in terms of purchasing
or consuming the product. Consumer behaviors, choices, and changing
preferences in terms of purchasing certain offers over others are the
antecedent events for companies’ behavior in terms of marketing research,

intelligence, and marketing mix management.
Figure 3

The Bilateral Contingency Model
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Note. Adapted from Foxall, G. R. (2021). The theory of the marketing firm:

responding to the imperatives of consumer-orientation. Springer Nature.

Bilateral contingencies between companies and consumers can be
analyzed in the context of developing technology-enabled labels.

Companies may provide accurate and effective information about a
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product to change unhealthy food consumption, while consumers provide
information about their purchasing habits. From the consumers’
perspective, technology-enabled labels are a type of antecedent event that
can be categorized under promotion and placement. Depending on the
consumer’s prior history with those antecedent events, they may impact
purchase and consumption. From the company’s perspective, marketing
research, intelligence, and marketing mix management can be analyzed in
relation to technology-enabled labels. Specifically, field experiments could
determine whether they prefer labels based on their own nutritional needs
at the basket or product level. Marketing intelligence systems could
process what type of nutrients are more in demand in certain locations than
others through these labels, leading to more insights into consumer
decision-making. Marketing mix management may be based on introducing

new technology-enabled labels.

The remaining part of this thesis introduces previous research and
terminology on the operant systems framework to help the reader
understand this conceptualization and the studies included. First, it will
introduce previous research on this framework, which analyzes behavior at
the individual and group levels, followed by research on companies and

their interaction with consumers.

3.4.1 Individual-Level Consumer Behavior

At the individual level, the three-term contingency describes the
relationship between antecedent events, behavior, and consequences
(Catania, 2013; Pierce & Cheney, 2017; Skinner, 1953) in that temporal
order, and it is used to analyze voluntary behavior (Skinner, 1976).
Consumer behavior may be measured in several ways, consequences can

be classified as reinforcers and punishers, and antecedent events can be
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classified as discriminative stimuli and motivating operations'. Consumer
behavior, as with any behavior, may be measured by what it produces, that
is, its functional definitions (Johnston et al., 2010). For example, functional
definitions include money spentin a store, the number of vegetables
bought, time spent on an app, the proportion of products disposed of at
one recycling station over others, a consumer verbally replies to questions
regarding products, and selecting one option over others (i.e., preference
relations). Similarly, consumption of food, purchase of products, choice of
products, and verbal reports about one’s own behavior can also act as
functional definitions. Consequences, such as reinforcers and punishers,
are events defined by how they impact behavior. Reinforcers are
consequences that increase behavior, and punishers are consequences
that decrease behavior. For instance, purchasing behavior may increase if it
produces access to fresh products, while gaining access to tasteless
products may decrease purchasing behavior. Reinforcement refers to the
procedure and process of delivering reinforcers, and where behavior
increases due to the behavior-reinforcer contingency. At the individual
level, consequences that reinforce one consumer’s behavior may not
reinforce another consumer’s behavior or even another behavior for the
same individual. Reinforcement and punishment are experimentally
identified when (a) behavior produces consequences, (b) consequences
change behavior, and (c) this change occurs due to the behavior-
consequence contingency (Catania, 1973), where empirical evaluations of
these criteria avoid circularity. Antecedent events, such as discriminative

stimuli, signal the availability of behavior-consequence relations, and such

" Both are antecedent events, but describe fundamentally different environmental stimuli. Others use the
three-term contingency for only describing discriminative stimuli, behavior, and consequences.
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stimuli may increase behavior (Baum, 2017; Dinsmoor, 1995a, 1995b). For
instance, a discount sign may increase the probability of purchasing
products due to reinforcing the consequence of reducing the amount of
money spent. Motivating operations are events that alter the effectiveness
of consequences and alter behavior that has previously produced similar
consequences (Langthorne & McGill, 2009; Laraway et al., 2003; Laraway et
al., 2014; Michael, 1982). Establishing operations increases consequence
effectiveness and the previous behavior that produced them, while
abolishing operations decreases these two. For instance, not having access
to food for a period of time may increase the reinforcer effectiveness of
food on behavior and increase behavior that has previously gained access
to food, while having the opportunity to eat decrease the reinforcer
effectiveness of food on behavior and behavior that has previously
produced food (Tapper, 2005). In nonbehavioral terms, motivating
operations determine how much a consumer wants something (Fagerstrom
et al., 2010). Sometimes, this is referred to as the four-term contingency
that consists of motivating operations, discriminative stimuli, behavior, and

consequences?.

The three-term contingency has been used to investigate several
aspects related to consumer behavior (Wells, 2014), including behaviors
related to healthy food. Consequences such as free shipping in a simulated
online shopping experiment as assumed reinforcers (Fagerstrgm et al.,
2011) and dietary feedback (Normand & Osborne, 2010) as punishers have
been investigated on consumer choice between different online shopping

stores and calories purchased. Discriminative stimuli such as promotional

2 Others describe this contingency as contextual stimuli, discriminative stimuli, behavior, and
consequence relations. The former conditionally impacts the second stimulus by signaling, not by MOs.
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labels of Fair Trade coffee drinks (Stratton & Werner, 2013) and images of
dish detergents with their benefits (Sigurdsson et al., 2010) in relation to
types of coffee purchased and relative brand choice have been
investigated. Motivating operations in terms of up-sell offers (Fagerstram et
al., 2021), online recommendations (Fagerstrgm & Ghinea, 2011),
corporate social responsibility messaging (Fagerstrem et al., 2015), and
their impact on conversion rate and revenue, as well as verbal reports of
likelihood to purchase have been studied. In regard to healthy behaviors,
digital technologies could be used to process or present antecedents and
consequences to promote healthy behaviors (Dallery et al., 2015). When it
comes to behaviors related to healthy food, healthy eating may be analyzed
in terms of several choice responses where selection, preparation, and
consumption may also be impacted by their consequences, discriminative
stimuli, and motivating operations, though changing response efforts, delay
to reinforcement, and monetary cost may also play a role (Rafacz, 2019). In
grocery stores, prominent discriminative stimuli such as product
placement and advertisement and their impact on sales of healthy food
products (Sigurdsson et al., 2014), as well as the impact of price, quantity,
delivery time, ratings of other costumers, secure checkout, health benefits,
and environmental impact of choice of hypothetical fish purchase in online

grocery stores (Sigurdsson et al., 2017) have also been examined?.

Three important extensions of the three-term contingency relevant to
this thesis are research on rule-governed behavior, delay discounting, and
behavioral variability. Rule-governed behavior is behavior that is influenced

by rules (or instructions). Rules are antecedent verbal stimuli that are

3 Parts of this paragraph are taken from the candidate's assignment from a PhD course.
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contingency-specifying stimuli (Skinner, 1969) and have a function-altering
effect (Blakely & Schlinger, 1987; Schlinger & Blakely, 1987). Verbal stimuli
are stimuli other people give, such as oral, textual, or symbolic stimuli.
Contingency-specifying stimuli are verbal stimuli that describe three-term
contingencies to a listener. For instance, “Buy products with the healthy
food label!” describes the parts of the three-term contingency, while
“Buying products with healthy food labels gives you a discount!” describes
the full contingency. Rules have a function-altering effect, meaning they
change the functions of antecedent events and consequences. For
instance, a healthy food label may not impact behavior until someone
explains or gives instructions to consumers on what such labels do.
Different types of rules exist, and they have different dimensions. For
instance, Zettle and Hayes (1982) suggest that tracks, plays, and arguments
exist. Tracks are rules that impact behavior due to correspondence
between rules and existing environmental contingencies, plys are rules that
impact behavior due to socially mediated reinforcers, while augmentals are
rules that change the function of consequences. Following the previous
example, consumers may follow the rule because such descriptions are
correct, because of others, and not necessarily based on the content of the
rule, and therefore, the consumer is now also sensitive to the discount as
part of the consequence features of the product. The dimensions of rules
may include explicitness, accuracy, complexity, source (Pelaez & Moreno,
1998), and time (Pelaez, 2013). Explicit rules describe the full three-term
contingency, accurate rules correspond with actual contingencies
described, complex rules describe events in conditional terms, sources
may be given by others or by the consumer themselves, and time describes

how immediate the consequences are. In the context of consumer behavior
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and rule-governed behavior, empirical and conceptual articles exist
(conceptual paper, Fagerstram et al., 2010). For instance, research on rule-
governed behavior has been used to investigate corporate social
responsibility statements (Fagerstregm et al., 2015), variables impacting the
likelihood of booking hotel rooms (Eriksson & Fagerstrgm, 2018), and up-
sell offers in online business-to-business retail (Fagerstram et al., 2021).
Few have, however, investigated this in the context of healthy food labeling.
Hence, healthy food labels can be viewed as an antecedent event that
acquires the function of discriminative stimuli when they signal the
availability of behavior-consequence relations or of motivating operations
when they alter the value of consequences or impact behavior that has
produced specific consequences when instructions are presented.
Furthermore, some empirical articles exist on the source of rules that are
self-provided (Baumann et al., 2009; Harte et al., 2017; Rosenfarb et al.,
1992). However, few have examined how consumer behavior is impacted by
labeling healthy food products based on the individual consumers’ own

explanations of what is considered a healthy food product.

Delay discounting refers to where the subjective value of a good
decreases as the delay to its recipient increases; it is usually studied by
varying the delay or amount of two reward options and is often described by
a hyperbolic function (Green & Myerson, 2004; Odum, 2011; Rachlin, 2000).
In other words, this phenomenon is a way to study impulsive or self-
controlled decision-making, whether immediate and smaller rewards or
delayed and larger rewards impact an individual’s behavior. Typically, this
phenomenon is studied by presenting options of obtaining a smaller and
immediate reward and a delayed and larger reward, observing what

individuals prefer, changing either the delay or amount of reward for one of
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the options, and observing whether individuals change their preference for
one option over another. For instance, an individual may prefer obtaining
£200 to £100 when both reward options are given immediately. However,
the same individual may prefer to obtain £100 immediately to £200 in five
years. Similarly, one individual may prefer obtaining £200 after one week
over £100 immediately, but prefers £100 immediately to £101 after one
week. After varying these, one may approximate the point where individuals
are indifferent to choosing one of these options, referred to as indifference
points. When one plots these indifference points and the value of the delay,
one typically sees that indifference points decrease as a function of delay,
and this decrease can be described by the following formula: V=A/ (1 +
kD). V refers to subjective value (or indifference point), A is the objective
amount of the reward, D is the objective delay to receive the reward, and k
is an empirically derived free parameter used to determine the steepness of
the formula (Mazur, 1987). Individuals who are very sensitive to delay and
whose behavior decreases greatly as a function of delay have higher k-
values than those who do not. Delay discounting can sometimes be
analyzed as rewards acting as reinforcers that are less impactful on
behavior as delay increases, behavior under the control of rules that
describe delayed rewards in three-term contingencies (see Malott, 1989 for
discussion), or both. There is research on how delay discounting differs as a
function of different commodities (Odum et al., 2020; Weatherly et al.,
2010), cultural differences (Du et al., 2002), and its relationship to delivery
fees (Hantula & Bryant, 2005), sales promotions (Coker et al., 2010), credit
card use in students (Fagerstrem & Hantula, 2013), choice of short-term
and long-term work tasks (Fagerstrgm et al., 2016), and food choice

(Appelhans et al., 2018; Appelhans et al., 2019). Furthermore, investigating
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whether some technology-enabled labels are more effective for impulsive
consumers may be of large societal importance, as obesity may be
predicted by impulsive behavior (Bickel et al., 2021). However, few articles
have investigated novel digitalized food labeling systems using knowledge
of delay discounting and how that impacts consumers’ choices of food

products.

Behavioral variability can be defined as behavior that has variations in
features of responding and can be studied by assuming that it can be
described, predicted, and explained with reference to other phenomena
(Johnston et al., 2010). Some research has investigated whether the
delivery of consequences contingent on behavioral variability may increase
such behaviors (Neuringer, 2002; Page & Neuringer, 1985), although there
exist debates regarding the exact mechanisms of this phenomenon (Holth,
2012; Nergaard & Holth, 2020). Even if the exact mechanisms are unclear,
research suggests that several procedures can reliably increase behavioral
variability (Nergaard & Holth, 2020). Several procedures exist for studying
behavioral variability. For instance, consequences may be delivered when
the current behavior differs based on previous responses using threshold,
frequency-dependent, and Lag n schedules procedures (Nergaard & Holth,
2020). Threshold procedures involve reinforcing responses below a specific
frequency threshold. Frequency-dependent procedures involve reinforcing
the least emitted available response. Lag n schedules consist of reinforcing
sequences of responses that differ from the n previous emitted response
sequences. For instance, if the current purchase differs from the previous
or the fourth previous purchases, then they would fulfill the requirements of
Lag 1 and Lag 4 schedules, respectively. Empirical studies have shown that

behavioral variability can be changed by its consequences in humans and
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other species (Reed, 2023) and also through the use of discriminative
stimuli (Reed, 2023). Furthermore, a systematic review of the Lag n
schedule procedures on behavioral variability in humans indicates that it
can be a promising behavioral technology (Silbaugh et al., 2021). Hence,
labeling systems that signal products are healthy and distinguish current
products from previous healthy purchases may be one way to increase

variety in food choices®.

The behavioral perspective model is an extension of the three-term
contingency that allows for the interpretation of naturally occurring events,
introduces the concept of utilitarian and informational consequences and
consumer behavior setting, and explicitly incorporates consumer situation
and the learning history of consumers (Foxall, 2009; Foxall, 2020).
Utilitarian consequences occur from the ownership and usage of products
and services, while informational consequences occur due to social
consequences provided by other individuals. For instance, purchasing a
luxurious mobile phone may produce the reinforcing consequences of
having a phone that performs well and consequences associated with
conspicuous consumption, such as acknowledgment of wealth by others.
Consumer behavior setting describes whether the consumers have a wide
range of options (open settings) or a narrow range of options (closed
settings). Learning history refers to past environmental events such that
some goods and services act as reinforcers, punishers, discriminative
stimuli, or motivating operations. Finally, consumer situation refers to the

interaction between consumer behavior setting and learning history.

“ Parts of this paragraph are taken from the candidate's assignment from a PhD course.
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The behavioral perspective model has been used in the context of e-mail
marketing (Sigurdsson et al., 2016), Wi-Fi on consumers’ hotel bookings
(Eriksson & Fagerstrgm, 2018), corporate social responsibility activities on
purchasing workout clothes (Fagerstrgm et al., 2015), fashion products
bought on Facebook (Menon & Sigurdsson, 2016), purchasing MP3 players
from online retailers (Fagerstrem & Ghinea, 2011), purchasing of fish
products (Sigurdsson et al., 2017), and purchasing vegetables and fruits
(Sigurdsson et al., 2011). For instance, Sigurdsson et al. (2016) investigated
how the highlighting of discounts (utilitarian consequences) with and
without celebrity endorsements (informational consequences) impacts
openings, clicking on images, sales, and opt-outs on advertisements of
bicycles for consumers who need and do not need bicycles (motivating
operation). The results show that the most effective e-mail marketing
strategy was utilitarian consequences with consumers who needed a
bicycle, indicating the presence of establishing operations. Another
example involves a study by Eriksson and Fagerstrgm (2018) that
investigated the impact of Wi-Fi review, Wi-Fi price, hotel rating, brand, and
price per night on the reported likelihood of hotel booking. These stimuli
were interpreted as rules. They found that hotel rating, price per night, Wi-Fi
review, Wi-Fi price, and the brand had the most to least impact on the
likelihood of booking in that order. Similarly, Fagerstrgm et al. (2015)
investigated price, brand, product wash, corporate social responsibility
activity, and product quality on the verbal likelihood of purchasing workout
clothes. These factors were interpreted as rules, and they had the most to
least impact on the likelihood of purchasing workout clothes in that order.
Additionally, support for the pink ribbon was preferred over ethical trading

initiatives, and the latter was preferred over Green Warriors. In a similar
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fashion, Menon and Sigurdsson (2016) found that price, guarantee,
shipping, pictures, order channel, size, and charity had the most to least
impact on the verbal likelihood of purchasing fashion products through
Facebook. These stimuli were discussed as signals of utilitarian and
informational consequences, such as price being money spent, but also as
an indication of the prestige of owning luxury products and charity as
helping others. Likewise, Sigurdsson et al. (2017) found that product quality
rating by customers, delivery time, secure checkout, environmental impact,
price, quantity, and health benefits had the most to least impact on the
choice of fish products in that order. These results were discussed in
several acting three-term contingencies among several behaviors (e.g., the
matching law; Baum, 1974; Herrnstein, 1970) in the context of utilitarian
and informational consequences. Sigurdsson et al. (2014) found that
placing healthier products in specific areas of a physical store increased
the purchase of such products, and such placement can be viewed as a

prominent discriminative stimulus.
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Figure 4

The Three-Term Contingency (top) and the Behavioral Perspective Model
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and punishment (Sp). The latter additionally shows consumer behavior
setting, learning history, consumer behavior situation, utilitarian and
informational consequences. Adapted from Foxall, G. R. (2021). The theory
of the marketing firm: responding to the imperatives of consumer-

orientation. Springer Nature.

3.4.2 Group-Level Consumer Behavior

The three-term contingency has been extended to the group level by
viewing groups as one behaving system (Foxall, 1999; Foxall et al., 2021)
and examining how two systems may influence each other regarding
bilateral contingencies (Foxall, 2020). The bilateral contingency model
describes how the behavior of one system in terms of the three-term
contingency interacts with another system with three-term contingency. For

instance, a company’s behavior may be influenced by antecedent events
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and consequences that the consumers provide contingent on the
company’s behavior, and consumers’ behavior is influenced by the
antecedent events and consequences that a company provides. A
company may, in the presence of antecedent events such as consumer
choice and changing preference, perform behaviors including conducting
different market research, marketing intelligence, and management of
marketing mix to achieve the consequences of increasing revenue and
profit or building a good reputation. Similarly, a consumer base may be in
the presence of antecedent events such as the presentation of products,
price, promotion, and placement. The bilateral contingency model has
been used in several theoretical and empirical applications. These include
co-creation processes for dairy companies (Fagerstrgm, Bendheim,
Sigurdsson, Pawar, et al., 2020) and idea sharing for LEGO (Fagerstrgm,
Bendheim, Sigurdsson, Foxall, et al., 2020), marketing research and
intelligence strategies to identify potential reinforcers for cosmetics
(Haddara et al., 2020), companies that sell fish to consumers in Iceland
(Alemu et al., 2020), social media campaigns in an aviation company and
customer posting engagement (Sigurdsson et al., 2020), the relationship
between consumers’ efficiency (energy spent) and retailers’ strategies to
respond to these issues (Larsen et al., 2020), organizational strategies
regarding environmental concern depending on consumer behavior
settings and combinations of utilitarian and informational consequences

(Foxall, 2018), and marketing and finance (Porto & Robert Foxall, 2019).

In the context of co-creation, Fagerstrgm, Bendheim, Sigurdsson, Pawar
et al. (2020) examined how a dairy company’s behavior and other
consumers provide environmental variables that may impact consumers’

likelihood to share ideas with the company regarding co-creation.
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Specifically, their results show that money given by the company, the
company’s evaluation, and other consumers’ evaluations of the ideas had
the most to least impact on sharing ideas in that order. Within each factor,
the following levels were preferred the most: 100 NOK per idea approved,
the idea is awarded the best by the company, and sharing by other
customers of the idea on social media platforms. Companies that adapt to
these changing consumer preferences may acquire more profit, and other
consumers may receive better products and services, influencing their
liking and sharing of other consumers’ ideas. Similar variables were
investigated when consumers shared ideas with LEGO (Fagerstrgm,
Bendheim, Sigurdsson, Foxall, et al., 2020). From the customers’
perspective, the behavior of sharing ideas could be impacted by the
company’s verbal stimuli, followed by the approval of ideas by the company
or other consumers. Verbal stimuli like antecedent events (“You design. We
make it,”), or where consumers acquire points in terms of Lego Clutch
Power as consequences of this, exemplify this relationship. From the
company’s perspective, its decision to implement an idea in the context of
posts with more likes and other customers’ approval may generate more
profit. From other customers’ perspectives, their likes and sharing in the
context of customers’ posts also generate these Lego Clutch Power

consequences, as well as better available products.

Regarding marketing research and intelligence, Haddara and colleagues
(2020) used data mining techniques on customer review data to identify
potential reinforcing consequences of lipstick purchases. Specifically, they
analyzed the most common words and correlations among them and in
different consumer segments, such as age and skin tone. The six most

common words were color, lipstick, like, look, lip, and nude. Their
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correlations indicate four major classes that may describe lipsticks with
moisture, odor and taste, natural color, rich colors, and minor classes in
specific segments such as original lip condition and original skin tone. Their
interpretation is that these words may be used to identify products with
reinforcing consequences for all consumers and different segments. In the
context of companies that sell fish to consumers in Iceland, Alemu et al.
(2020) conducted two studies, one on companies and one on consumers’
behaviors related to their interaction. Managers in the company stated that
they have several aspects related to online marketing, profitable
operations, identifying customer choices and preferences, and conducting
marketing management in reaction to these changing preferences. For
instance, they have a social media presence, reduce transaction costs by
outsourcing the creation of web platforms, identify that consumers want
fresh and healthy fish and convenience, and run tests of sales before
launching new stores. Most consumers said that they purchase fish
because it tastes good, and buy fish online due to its convenience. They
also found that price, preparation method, production method, order
placement, and health claims of fish products impact the choice of fish
products, and identified five different consumer segments based on this.
Specifically, they categorized consumers as product-attribute-conscious
consumers, those satisfied with physical stores, fresh fish-preferring
consumers, those who prefer online stores, and price-sensitive consumers.
Their results show that companies and consumers adapt to each other as
they both focus on fresh and healthy aspects of products, and online stores
may provide convenience in providing information related to these aspects

in a simplified manner.
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4 METHODOLOGY

This thesis employs systematic reviews, choice-based conjoint
experiments, case studies, and rating-based conjoint experiments to
analyze how digitalized healthy food labels change consumers’ behavior.
These methods were chosen for the following reasons. First, systematic
reviews have the benefits of identifying prior literature on the topic,
answering specific research questions, and allowing for transparency and
replicability by other researchers. The justification for selecting this is that
there exist several studies on healthy food labeling on a wide range of
consumer behavior that use established labeling systems, and these were
investigated in the context of digital technologies. Second, conjoint
experiments allow for studying how products and services that are yet to be
on the market impact consumer behavior, how these differ across
consumer segments, and may inform managers through data-driven
decision-making. Hence, they can be used to study product preference
related to established and innovative features. They also require consumers
to make trade-offs rather than rate individual items separately, adding
realism by operationalizing attributes and levels, which are used for product
development, pricing, competitive positioning, market segmentation, and
informing managers through data-driven methods (Orme, 2020). In the
context of the specific sub-research question, they allow empirical
investigations of how technology-enabled healthy food labeling impacts
consumer behavior based on environmental or situational factors and allow

for comparison with consumer segments.

4.1 Systematic Reviews
Review papers (sometimes referred to as literature review papers) use

previous literature to address some research question(s). One can
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categorize them into narrative or systematic reviews. Systematic reviews
differ from narrative reviews in that they use explicit and systematic
methods and syntheses of results to address a clearly formulated question.
They are used to identify, extract, and synthesize knowledge based on
papers included in the review. This thesis used the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 (Page,
McKenzie, Bossuyt, Boutron, Hoffmann, Mulrow, Shamseer, Tetzlaff, Akl, et
al., 2021). The PRISMA 2020 papers consist of one original paper (Page,
McKenzie, Bossuyt, Boutron, Hoffmann, Mulrow, Shamseer, Tetzlaff, Akl, et
al., 2021), one explanation and elaboration paper (Page, Moher, et al.,
2021), and one developmental paper (Page, McKenzie, Bossuyt, Boutron,
Hoffmann, Mulrow, Shamseer, Tetzlaff, & Moher, 2021). The PRISMA 2020
consists of 27 items that a systematic review should include. These are
identifying the paper as a systematic review, using the abstract checklist,
providing a rationale for review, explicit research question(s), setting
eligibility criteria, specifying information sources, a search strategy, a
selection process, a data collection process, data items, study risk of bias
assessment, effect measures, synthesis methods, reporting bias
assessment, certainty assessment, a study selection, study
characteristics, risk of bias in studies, results of individual studies, results
of synthesis, reporting bias, certainty of evidence, a general discussion,
registration and protocol, support, competing interests declaration, and the

availability of data.

4.2 Rating-Based Conjoint Experiments
This thesis uses a rating-based conjoint experiment to evaluate the
effects of different digitalized healthy food labeling systems on verbal

estimations of the likelihood of purchasing hypothetical food baskets.
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Conjoint experiments (sometimes called conjoint analyses) are a method
for studying how participants’ evaluations of hypothetical tasks change
when the content of these tasks changes (Green & Srinivasan, 1978; Hair et
al., 2014; Orme, 2020). They help study products that are yet to be on the
market, as one can assess how different hypothetical product attributes
change consumer behavior. This approach consists of creating
experimental designs in which participants are asked to evaluate one or
several alternatives and then conduct statistical analyses (usually
regression analyses) to estimate the relationship between the participants’
behavior and the studied product features. An experiment systematically
measures how a dependent variable(s) relates to another independent
variable(s), while experimental design refers to the plan for arranging the
experiment. Quasi-experimental research designs involve manipulating the
independent variable without randomizing the research units (Shadish et
al., 2002), and conjoint experiments can thus be viewed as a type of quasi-

experiment.

In rating-based conjoint experiments, one profile (concept, stimulus, or
alternative) is presented at a time and jointly with several independent
variables, and participants’ evaluation of these is the dependent variable.
For instance, the overall evaluation (sometimes called utility) for each
profile could be collected from the following question: “On a scale from 1
(Definitely would not) to 7 (Definitely would), how likely are you to purchase
this product?” The independent variables could consist of product features
offered to the consumer, and they must be realistic and understandable.
For instance, a study may investigate how strongly price, delivery time, and
specific stores impact consumers’ evaluations. In this case, the

independent variables (attributes, factors, or features) are price, delivery
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time, and store name. Furthermore, each independent variable may have
different levels (or values). For instance, levels for the price could be £50,
£60, or £70; delivery time could be “In one hour,” “In six hours,” or “Next
day;” and the name of the store could be “Sainsbury’s,” “Tesco,” or “Asda.”.
Creating a profile with all possible combinations may be too much for
participants to evaluate (e.g., in the example leadingto 3 x 3x 3 =27
profiles). One strategy is to use an orthogonal design to reduce the number
of profiles. Orthogonal experimental designs arrange different levels of
independent variables that present a subset of all possible arrangements
but do so in such a way that the levels do not correlate with one another,
typically by using catalogues or algorithms. For instance, one can reduce
the 27 profiles to nine profiles (Orme & Chrzan, 2017) and use the latter in
the study. The experimental design of such a study may present all nine
profiles to each participant and collect their evaluations. The order of such
profiles may itself impact consumer behavior (i.e., order effects), and this
could be corrected by presenting the profiles and the independent variables

within a profile in random order (see Chrzan, 1994 for discussion).

The regression output and importance values are the most important
statistical analysis outputs in rating-based conjoint experiments.
Regression output involves presenting the estimates of the dependent
variable as a function of the predictor variables used (sometimes called
part-worth utilities), their standard errors, p-value, whether the predictor
variables were treated as continuous or categorical variables, whether the
model is was a linear or polynomial, specifying reference category by the
use of dummy or effects coding, the f-statistic, and R*2 and adjusted R"2
of the overall model (see Field et al., 2012; Hair et al., 2014 for an overview).

Usually, the ordinary least squares method is used to find the best-fitting
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model, where a model with the least sum of squared residuals is better
than one with a larger sum of squared residuals. Relative importance
scores are a way to compare the impact of each independent variable
relative to others (Orme, 2020). This is usually calculated by taking the
range of estimates of each independent variable separately and calculating
the proportion of the range of one independent variable compared to the
ranges of other independent variables. One may create an aggregated
model based on all participants’ responses or create separate models for

each participant.

4.3 Choice-Based Conjoint Experiments

This thesis used a choice-based conjoint experiment to evaluate the
effects of different digitalized healthy food labeling systems on the choice
behavior of purchasing hypothetical food baskets. Choice-based conjoint
experiments (sometimes referred to as the broader category of discrete
choice experiments) build on a similar approach to rating-based conjoint
analysis. Both involve designing an experimental design where the levels do
not correlate with each other, presenting profiles, and investigating how
consumers evaluate these. However, choice-based conjoint analysis differs
in three main ways. First, several profiles are presented within one trial, and
the participants are asked to select one in the context of a question. For
instance, the question could be: “If these were your only alternatives, which
would you like to buy?” Second, one of the profiles of the task can be a
“None” option; that is, they would not select any of the other profiles. Third,
the dependent variable is a binary (nominal or discrete) choice behavior
instead of a continuous rating scale; that is, the profile was either selected
or not. Similarly, regression analyses are used to investigate how each

independent variable and its levels impacts choice behavior.
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In choice-based conjoint experiments, one choice trial presents several
profiles, where profiles consist of several independent variables jointly.
Similarly to rating-based conjoint experiments, the independent variables
and levels must be realistic and understandable in the context of the
research problem. Several strategies exist to reduce all possible
combinations of levels when creating profiles and to create an
experimental design that ensures little correlation between the levels of
each independent variable. Some designs, such as balanced overlap,
which is the default option when using Sawtooth Software Lighthouse
Studio, allow some correlation between the levels, which in turn allows for
investigating interaction effects. In addition, order effects, such as the order
of the choice trials, profiles within a choice trial, and attributes presented in
a profile, can occur (Chrzan, 1994), and some of these designs minimize

that.

The most important statistical analysis outputs in choice-based conjoint
experiments are the logistic regression output, latent class analyses,
hierarchical Bayes estimations, and relative importance values (Orme &
Chrzan, 2017). The same binary data may be expressed in probability, odds,
or the natural logarithm of odds. Probability in the context of choice data
may be measured by counting how many times something was selected
and dividing it by the number of times it was selected plus the number of
times it was not selected. Odds may be measured by counting the number
of times something was selected and dividing it by the number of times it
was not selected. The natural logarithm of odds involves using the odds of
something happening as the input in the logarithm with e as the base.
Logistic regression output presents the estimate, standard errors, t-ratio,

log-likelihood, and other measures. It differs from rating-based conjoint
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analysis in the following manners. First, the estimates represent the natural
logarithm of odds of choice as a function of predictor variables. However,
these may be transformed back to odds or probability by exponentiating
these coefficients in base e for easier interpretation. Second, maximum
likelihood is used to find the best-fitting model, and a model that has a
higher log-likelihood with the predictor variables is better than a model with
a lower log-likelihood. In choice-based conjoint experiments, the suggested
weights of several predictor variables are summed for each profile in a trial,
the log-likelihood for each choice trial is calculated given the observed
choices, the sum of these represents the overall model log-likelihood, and
the weights are adjusted to produce the highest overall model log-

likelihood. Specifically, it can be described as follows.

Ui = Bin + &
P; = e’
L Zleri + oo+ eUk
Ua
P(A) =

ela + eUn + eUc

The first formula (Orme & Chrzan, 2017, p. 132) describes that U; is the
sum of the coefficients and presence of each level (B;X;) plus an error term
g; forthe profile i. The second formula (Orme & Chrzan, 2017, p. 133) states
that the probability of choice of i, is when U;, which is the sum of the
coefficients and presence of levels for one profile, is used as the exponent
with e as the base, is divided by the sum of the coefficients and presence of
levels for one profile, is used as the exponent with e as the base, plus, the
sum of all profiles up to k, individually. The third formula (Orme, 2020, p.
180) shows the same as the last in the case of a three-profile situation, the

probability of choosing A when profiles B and C are present.
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Similarly to rating-based conjoint experiments, the predictors may be
assumed to be continuous (linearly or polynomially) or categorical (using
dummy or effects coding), and estimates are thus interpreted based on the
reference category. In latent class analyses, different consumer segments
can be identified by constructing several logistic regression models,
observing whether the choices fit in one model or another, and collectively
finding a model with the highest log-likelihood. This approach is similar to
factor analysis, although it assigns the probability of one case belonging to
a segment, each associated with conditional regression output, describing
the natural logarithmic odds for each predictor coefficient for that class.
Hierarchical Bayes is an iterative method that first estimates a model based
on all participant’s behavior (i.e., the upper model), suggests weights at the
individual participant level (i.e., the lower model), uses information from the
overall model in the context of how individual participants models deviates
from this, and based on algorithms is used to estimate individual
participant weights for predictor variables. Similarly to rating-based
conjoint experiments, these models can be used to find relative importance
values calculated by finding the proportion of the range estimates of one
predictor variable compared to the ranges of estimates from other predictor

variables.

5 REFLECTIONS

The systematic review in this thesis was the initial starting point for
investigating the effects of digitalized healthy food labeling on consumer
behavior. Several considerations were taken before starting this paper. First,
systematic reviews have the benefit of covering a large amount of literature
and can lead to better identification of research gaps and investigation of

the research question. Second, prior to conducting the systematic review,
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several review papers on the effects of front-of-package food labeling on
consumer behavior were used as a foundation from which to identify the
research gaps, formulate the research question, and explore previous
reviews and research done on digitalized front-of-package food labeling.
Third, the PRISMA framework was used because it increases the
transparency of the review process by specifying the 27 items. However,
several points are worth mentioning when conducting this systematic
review. First, systematic reviews are often time- and resource-consuming
and involve several collaborators. This systematic review took about one
year, from reading other review articles within the front-of-package
literature to developing a research question, creating the search strategy,
data collection, synthesis, and writing the paper. Second, an ideal
systematic review would also have inter-rater reliability on the risk of bias
assessment and data collection. Due to restrictions on time and resources,
this was only performed by one reviewer. Third, most of the data collection
and processing was done manually, and automated tools could have been
used to reduce human labor. Finally, this systematic review may have been
narrow in scope, restricting itself to the front-of-package food labeling
literature. There are established taxonomies (e.g., summary or nutrient-
specific labels) in that literature, and these were selected in order to follow
previous research standards. There are several points on how the
systematic review informs the overall study. First, it informs prior research
undertaken on digitalized front-of-package food labeling in terms of static,
interactive, and technology-enabled labels and found decreasing
publications on these labels in that order. Second, the types of
independent variables that were investigated in prior published studies

informed the overall study and made it possible to investigate other labeling
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systems that were explored in the remaining studies of this thesis. Lastly, it
also informed that prior studies, one choice-based and one rating-based
conjoint experiments, were investigated regarding the impact of the effects
of digitalized static labels on consumer behavior. It informed the study that
these methods are valid, but were used to study static labels and rather

than technology-enabled labels.

The choice-based conjoint experiment was the second study in this
thesis. Likewise, several considerations were taken before starting this
experiment. First, the systematic review indicated little prior research on
technology-enabled labels, and a natural step was to research that label
form. Second, the broader term “healthy food labeling” was considered
rather than front-of-package food labeling. Third, the research question was
asked based on previous literature on consumer behavior analysis. The
degree of delay in receiving a commodity impacts people differently. People
who are very sensitive to delay, or impulsive in layman’s terms, are more
prone to a wide range of behavioral problems. Hence, identifying what
technology-enabled labels are more effective for impulsive people is of high
societal importance. This study was an online study and used participants
from Prolific.co. Standard procedures for conducting experiments with
humans were followed, such as providing informed consent forms,
minimizing the collection of personal data, and sending an application for
SIKT.no in line with their recommendations. Several points regarding the
findings of this paper are worth mentioning. First, some order effects could
have occurred because the order of the attributes was always the same,
and the introduction of what the technology-enabled labels do was also
introduced in the same order. Regarding the latter, randomizing the order of

introducing the labels would also confound the results if different segments
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received different orders. This led to the decision that all participants be
exposed to the same sequence to minimize the latter confounding,
following the principle of “all else being equal.” Second, the results of this
study may be culture-specific in that UK participants were investigated.
These results could be different when using participants from countries
where such participants are more price-sensitive. Furthermore, all
participants were recruited from Prolific.co. Although the study collected
participants who are supposed to match a balanced sample of the UK
population based on that platform’s service, all the participants work at that
platform, and this population may differ from actual UK participants. Lastly,
these were hypothetical purchase situations, and the results may differ
from those of real purchase situations. However, choice-based conjoint
experiments are often used in the absence of real purchase situations and

in new product development.

The third paper in this thesis is a case study on healthy food labels and
technology. Case studies involve analyzing a few phenomena in depth, and
this paper examined how technology-enabled labels impact the interaction
between companies and consumers. This paper is still under review, and
several points are essential. First, this paper attempts to create a holistic,
although in-depth, analysis of how technology-enabled labels allow the
exchange between companies and consumers, as the former provides
more information about a product, and the latter provides more information
about consumers’ changes of preference. This paper also elaborates
further on the conceptual background used in this thesis compared to the
previous papers. Second, this paper also showcases how the bilateral
contingency model can be used to develop digitalized products and

services in a consumer-oriented manner. Third, it also led to several
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conceptual clarifications. Conceptual clarifications were developed
regarding technology and how it allows for new bilateral contingencies,
such as consumer segmentation and personalized promotions, and the
company’s steps towards creating a marketing intelligence plan.
Furthermore, healthy food labeling may be viewed as an antecedent event,
initially a neutral stimulus, but it acquires discriminative or motivating
functions through the explanations that people, companies, and
organizations give for these labels. In the context of the marketing mix,
technology-enabled labels can be viewed as a type of promotion and
placement by placing different labels in different sections of a webshop.
Fourth, as an example, two types of technology-enabled labels based on
behavior-analytic literature that have not been investigated in depth
regarding consumer behavior were used to analyze these interactions. This
paper could have been more detailed and described the bilateral
contingency related to digitalization, as mentioned in this introductory
chapter. However, this case study is a chapter for a book on the theory of
the marketing firm, a broader behavioral sciences theory related to

the economic behaviors of companies and consumers. The introduction of
novel technical terms related to digitalization would, at that time, not have

been appropriate for that given audience.

The fourth paper in this thesis is a rating-based conjoint experiment
investigating how technology-enabled labels stemming from different
sources impact consumers’ verbal reports of the likelihood of purchasing
online groceries. This paper has been sent to different journals but rejected
because it does not fit their scope and audience. First, this paperis also
based on the previous paper conducted to ascertain whether these

suggestions of creating self-generated labels impacted consumer behavior.
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Second, this study used the same procedure regarding informed consent
forms, data collection, and approval by external committees as in the
choice-based conjoint experiment. Third, as in the second paper, the
weaknesses of using hypothetical products may also have been present.
However, the order of the introduction of the labels in this study

was randomized because it did not create different models for different
consumer segments. Finally, the randomization of attributes within each
profile was considered, but this was not possible due to technical
difficulties with the software. However, randomization of these may also
have created lower ecological validity if price and delivery time had been

presented in the middle of different labeling systems.

6 DISCUSSION

6.7 General Interpretation

The topic of this thesis is how the digitalization of healthy food labels can
impact consumer behavior. The purpose of this thesis is to provide research
that may address the problems described regarding unhealthy food
consumption for society at large, companies, and consumers. This thesis
argues that this phenomenon can be investigated using information
systems and behavioral science knowledge. Healthy food labeling is an
information systems problem consisting of transforming data regarding
nutrition into information, such as labels, in an accurate manner that
increases healthy food preference for consumers, could yield further profits
to companies, and increase the general health of the citizens in society. At
the same time, it is also a behavioral problem in that the consumption of
unhealthy foods depends on the behaviors of consumers. Furthermore,
digitalization processes are becoming more common in our lives, and these

digital technologies broadly impact society, companies, and individuals,
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and are not limited to organizations that develop and use these
technologies. In addition, most of the behavioral sciences and consumer
behavior research focus on how thoughts, attitudes, and feelings impact
healthy behaviors. An alternative approach is to study how environmental
and situational variables impact consumer behavior related to healthy
food. The overall topic and research question of how digitalized healthy
food labels impact consumer behavior were thus asked based on this

scope.

6.2 Main Findings

The main findings of this thesis are as follows. First, front-of-package
food labeling can be classified into physical and digitalized static,
interactive, and technology-enabled labels. More research has been
undertaken on physical and digitalized static labels than on interactive and
technology-enabled labels. The latter shows a promising impact on
consumer behavior compared to the former two. Second, technology-
enabled healthy food labels may provide consumers with personalized,
dynamic, and real-time information. One consumer segment prone to
unhealthy food consumption is impulsive consumers. Based on research
on behavioral science regarding impulsivity, three technology-enabled food
labeling systems were derived that may decrease impulsivity, and these
environmental and situational variables were investigated regarding
consumer choice of ordering groceries online. The results show that labels
that show self-monitoring of prior healthy orders, precommitment to
healthy orders with discounts, and social comparisons to healthy orders
had the most to least impact on consumer behavior, in that order. In
addition, minor differences were observed in that self-monitoring and pre-

commitment labels were more impactful on impulsive consumers’ grocery
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orders than non-impulsive ones. Furthermore, social comparison labels
had more impact on choice for non-impulsive consumers than for
impulsive consumers. Third, technology-enabled healthy food labels can
emerge when companies interact with consumers. Companies may
implement these labels as part of their marketing mix management.
Consumers react differently based on these labels, which are a type of
promotion and placement, and these labels may allow for better
identification of different consumer segments and their changing
preferences. This iterative process may continue for the better development
of labels as well. Lastly, sources that explain different healthy food labeling
systems influence consumer behavior. Technology-enabled labels allow
each consumer to define what they consider to be healthy, and this may
differ from public policy and retailers’ definitions. Technology-enabled
labels had the most to least impact on consumer behavior when the source

was the consumers themselves, public policies, and retailers, respectively.

6.3 Conceptual Implications

This thesis has several conceptual implications for information systems
and behavioral sciences. In particular, elements of information systems
and behavioral sciences are needed to understand how digitalized healthy
food labels impact consumer behavior. Regarding information systems, this
thesis has implications for digital technologies, digitization, digitalization,
digital transformation, and digital innovation literature (Bharadwaj et al.,
2013; Hund et al., 2021; Parviainen et al., 2017; Verhoef et al., 2021; Vial,
2021; Warner & Wager, 2019; Wessel et al., 2021). Specifically, it does so by
investigating how these literatures can be used to understand digitalized
healthy food labeling. This thesis proposes that healthy food labeling is an

information system that transforms data into information by providing
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simplified symbols or logos regarding the health aspects of products. It also
proposes how digital technologies and processes related to digitalization
can be used to understand digitalized healthy food labels. The implications
are that digital technologies and processes can account for changing
labeling requirements, making companies and information systems more
flexible. Specifically, focusing on digital technologies that generate value in
extended interfirm networks could benefit retailers when labeling
requirements change or when new labeling systems are demanded.
Additionally, the use of digitalized healthy food labels could lead to digital
transformation and digital innovation for some companies in some specific
circumstances. For instance, each digitalized healthy food label will have
data associated with it and its relationship to consumer behavior. This data
may later be recombined and assessed in the context of other products or
services. For instance, a healthy food-focused online grocery store could
have data related to the social comparison label and data on the purchase
of fair-trade products. Companies could then, based on correlational and
predictive analyses, decide to combine these features in a label showing by
how many fair-trade products a consumer’s basket differs from the average
consumer and evaluate whether consumers prefer this system. If they do,
then the online store could gradually implement new labeling systems and
shift its business model to a broader sustainability marketing. Digitalized
healthy food labels could also be a platform for digital innovation, either by
digitalization or digital transformation. That is, it could do so by testing out
novel digitalized healthy food labels and theirimpact on consumer
behavior, or analyzing this relationship in the context of other information

and changing strategic models. Additionally, digital technologies may
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provide new environments for one actor or connect several actors, which

may impact their behavior.

Regarding behavioral sciences, this thesis has implications for
conceptualizations related to healthy food choice (Glanz & Bishop, 2010;
Liu et al., 2014; Roberto & Kawachi, 2014), healthy food labeling (An et al.,
2021; Hersey et al., 2013; Ikonen et al., 2020; Temple, 2020), consumer
behavior analysis (Foxall, 2016; Foxall, 2017), the bilateral contingency
model (Foxall, 1999; Foxall, 2021), impulsivity (Rung & Madden, 2018), and
rule-governed behavior (Harte & Barnes-Holmes, 2021; Pelaez, 2013;
Pelaez & Moreno, 1998). That is, the implications are that there exist several
ways of increasing healthy food choices and that one strategy is to provide
simplified information related to healthy food rather than providing more
information to consumers. It also investigates how consumers respond to
these labels by investigating environmental and situational variables. These
events can be directly altered, and their impact on behavior may be
assessed rather than relying on relationships that cannot be altered, such
as cognition, attitudes, beliefs, and so on. Additionally, new environment-
behavior contingencies may be arranged by the use of digital technologies.
The latter implies that prior research on behavior-environment
contingencies in laboratory contexts can be used in unexplored applied
research settings, such as when it comes to healthy food choice. It also has
implications for how information systems change behavior by the use of
environmental or situational variables. Specifically, information systems
convert data into information through processing. Hence, data are stimuli
that do not impact behavior are being processed into stimuli that do impact
behavior. In information systems literature, these are referred to as

“information,” while in consumer behavior analysis, these are referred to as
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consequences and antecedent events, depending on how they impact
behavior. Moreover, healthy food labels are antecedent events that change
consumer behavior depending on rules or instructions. That is, labels
change behavior depending on how they are explained to the consumers in
describing how products get these labels. Lastly, it extends research on
consumer behavior by investigating impulsivity and rule-giving in the

context of emerging technologies.

The conceptual implications provided by the individual papers are as
follows. First, the systematic review contributes to a classification for
studying digitalized labels in terms of whether they are static, interactive, or
technology-enabled, in addition to identifying previous research on the
topic. Second, it also has methodological contributions in the second
paper on identifying impulsive consumer segments and investigating which
promotion of healthy food products is effective for them. The implications
of this research contribute to consumer behavior analysis, research on
impulsivity, and the digitalization literature, viewed in the sense that some
technologies may bring value not only to specific entities and organizations
but also have broader impacts, such as societal and consumer impacts.
Impulsive consumers are a vulnerable consumer segment, and research on
this could help address societal issues. Third, an example of how to use the
bilateral contingency model was used in the context of developing
technology-enabled labels. This has implications for research on bilateral
contingencies, as few have investigated healthy food labeling, particularly
digitalized healthy food labeling, using this conceptual framework. Fourth,
it also has implications for healthy food labeling research and consumer
behavior analysis in that symbols or logos acquire their function on

consumer behavior based on the explanations of these labels, and different
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sources or definitions impact how consumers react to them. Finally, this
research has implications for a broader understanding of digitalization

processes and how consumers shape companies’ digitalization strategies.

6.4 Implications for Practice

The individual studies have several implications for practice in terms of
society, companies, and consumers. The systematic review results show
increased research on digitalized front-of-package food labeling and
indicate that technology-enabled labels could be promising in helping
consumers select healthy foods. In addition, identifying effective digitalized
labels could reduce unhealthy food consumption, which may help reduce
obesity, economic costs, and human suffering. For companies, it may
provide retailers and brand owners with a competitive advantage by
presenting more accurate information, selling healthier products,
and gaining positive word-of-mouth. For consumers, the labels may
increase the value of healthier food products and attract new shoppers. The
choice-based conjoint experiment also has implications for companies and
consumers. Based on these findings, companies may use self-monitoring
labels rather than providing labels offering a discount of 10% for current
and future healthy food promotion. They may not be that costly to
implement, and they may be integrated into online grocery stores’
consumer accounts. Furthermore, negative social comparison labels did
not negatively impact consumers’ choices, indicating that such labels are
not detrimental to purchasing food products. However, a positive social
comparison label was associated with a higher likelihood of choosing such
a product than negative labels, and retailers could still use these to
promote healthy food products. Such labels could generate more

engagement with the online store, which may also be of value to online
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grocery stores and could generate more revenue. However, companies
must also consider what information is being processed by using such
labels and evaluate their risk regarding privacy, accurate data, accessibility,
and ownership (Rainer & Prince, 2021). The conceptual paper demonstrates
the process of consumer-oriented strategies that companies can use to
generate more profit, revenue, and a better reputation in the context of
technology-enabled labels. The development of two proposed labels was
analyzed in the context of marketing research, marketing intelligence, and
marketing mix management. Specifically, marketing research strategies
could first be explored before implementing these labels. Later, integrating
these labels into marketing intelligence systems may better equip
companies to identify different consumer segments and changing
preferences. Lastly, marketing mix management of healthy foods related to
the product, promotion, price, and placement was analyzed. These labels
may be viewed as a type of promotion, but also allow for novel placements
compared to physical labels. The developments, methods, and analyses
were suggested at each step, directly impacting online grocery stores. The
rating-based conjoint paper found that technology-enabled labels, when
defined by the individual consumer deciding to purchase, were more
impactful on the likelihood of purchase than when defined by public policy
implementations or online grocery stores. In addition, consumers’
selection of products they perceive as healthy differs from what the Eatwell
Guide states, which is a UK public policy recommendation for eating
healthy foods (Public Health England 2018). This has direct implications for
society, companies, and consumers as they operate with different
definitions of what they consider healthy products. In addition, this

research has implications for consumers’ needs, as most consumers
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stated that they would react positively if they saw these labels in real online

grocery stores.

These findings also have implications for prior approaches such as
regulations, taxation, subsidizing, nudging, marketing, and front-of-package
labeling of food products. In particular, public policy-based food labeling
can also be presented using digital technologies. As mentioned by Fuchs
(2022), regulations exist related to presenting the nutritional content of food
products online, which could happen through digital labeling of food
products. Regarding nudging strategies, these studies did not use direct
conceptualizations based on nudging, although several of these
technology-enabled labels could fall under that category. In particular,
some of these labels did not restrict consumers’ choices or change
economic incentives to do so. For instance, self-monitoring, social
comparison, and labels defined by individual consumers who make the
purchase decision, as well as stores and public policies, did not restrict
consumers’ choices or change economic incentives. However, the pre-
commitment label, which was based on discounts, altered economic
incentives for consumers. These labels were analyzed in the context of
marketing strategies using the marketing mix in the conceptual paper.
Finally, front-of-package food labels, using digital technologies, were

investigated in the systematic review.

6.5 Limitations

These findings should be considered in the context of the study’s topic,
scope, and methodological limitations. First, this thesis did not undertake
field or laboratory experiments directly investigating the effects of
digitalized static, interactive, and technology-enabled labels on consumer

behavior. Second, this thesis mainly focused on technology-enabled labels
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and did not investigate interactive and static labels. Third, both conjoint
experiments consisted of participants who evaluated hypothetical
purchase situations, and future research should investigate these in real
purchase situations. Furthermore, individual papers did not elaborate
further on digitalization processes from the perspective of operant systems.
In addition, although relevant, this research did not directly investigate the
context of these labels concerning other previously attempted solutions,
such as regulations, taxation, subsidizing, and nudge theory, in depth.
Other conceptual frameworks and variables, such as other behavioral
science conceptualizations and consumer privacy concerns, were not
directly investigated. Lastly, this thesis did not perform empirical studies on
the broader relations between digitalization processes that companies

employ and how consumers shape them.

6.6 Ethical Considerations

Several ethical considerations exist regarding digitalized labels and their
impact on consumer behavior. This thesis focuses on soft approaches
rather than hard approaches. Imposing strict and hard approaches restricts
people’s behavior, and digitalized labels can promote healthy foods without
doing this. Furthermore, it is important that organizations that implement
these labels do so in a way that is accurate and transparent, which is of
interest to consumers and society. As mentioned, healthy food labels may
have a halo effect. The transformation of nutritional data into a healthy food
labeling system may simplify some details. Thus, consumers should be
able to acquire more information regarding a product if they wish, such as
detailed explanations of what labels do. In addition, there may be security
risks of prior purchases that could be traced back to individual consumers

and other parties using this information without the consent of the
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consumers. Building on this, consumers should also be able to decide what
information they are being presented with in online stores, including the
option to opt out. Several considerations were taken to ensure that this
research was ethical. First, all experiments consisted of giving participants
an informed consent form and ensuring that they could stop at any time
without negative consequences. Participants were paid even if they did not
finish the studies. Second, SIKT, the Norwegian Agency for Shared Services
in Education and Research, was contacted during all the experiments.
Third, personally identifiable data were processed by the platforms used to
recruit and collect responses from the participants, but we did not collect
this data. As a result, the experiments minimized asking for personally
identifiable information, and those that can be considered personally
identifiable were aggregated such that itis impossible to trace these

individuals.

The negative impact of digitalized healthy food labels on consumer
behavior is also worth mentioning. When it comes to consumers, digitalized
food labels may contribute to halo effects, privacy issues, more consumer
confusion when more label systems are introduced, more pressure on
consumers to be aware of their food choices, which may increase stress,
and some labeling systems may provide too much information to
consumers. However, these negative impacts could be reduced if opt-out
options were given to consumers or where consumers have the possibility
to shop at other providers that do not employ these. When it comes to
companies, the presence of such labels may influence them in that
companies may build labels that produce more profit over actual healthier
food choices, that cost may increase when companies conduct digital

innovation, consumer discrimination in the form of personalization may
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produce unfortunate ethical consequences, that small companies cannot
compete with large ones, and that more information about consumers
leads to greater damages if data breaches were to occur. However,
companies may consider these when developing digitalized healthy food
labels and ensuring that these risks are minimized. When it comes to
society, there may be several negative impacts of digitalized healthy food
labels. First, some of these labels may not respect local traditions in that
some foods are considered healthy based on their social aspects rather
than nutritional aspects. For instance, ingredients essential to the
Mediterranean diet may be more negatively labeled than other ingredients
based on their nutritional profile, as they may contain more food oils
compared to other diets. However, eating traditional foods together with
others may be healthy in the sense that it promotes social well-being.
Second, digitalized food labels may create a larger digital competency gap.
That is, certain populations like elderly individuals may not have the skills or
prior training to use digitalized food labels effectively. However, such labels
may be developed in a user-friendly manner such that they also
accommodate these populations. Lastly, classifying whether something is
healthy also has political aspects to it. Many actors are involved in this, and
some actors are dramatically impacted by whether certain foods are
labeled as healthy. The scope of this thesis consists of how digitalized
healthy food labeling impacts consumer behavior, and some points were
made regarding what counts as healthy foods or diets. However, the main
emphasis of this thesis is how symbols or logos that are otherwise neutral
impact consumer behavior when they highlight how healthy the food is

through the use of digital technologies.
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6.7 Future Research

Future research should investigate how consumers generally shape
digitalization processes. More specifically, the companies’ behavior related
to digitalization, consumer behavior, and digitalized healthy food labels can
be analyzed by their antecedent events and consequences (as shown in
Figure 5). The company may perform several behaviors related to
developing and using digital technologies. These may be broadly classified
as digitizing, digitalization, and digital transformation. The consequences of
these behaviors may include changes in revenue or decreased costs,
efficient use of resources and production, new or improved products or
services, or more satisfied consumers (Mergel et al., 2019; Verhoef et al.,
2021). The antecedent events of these behaviors may include competitive
landscapes, pressures from governments, the presence of disruptive
technologies, and consumer expectations (Mergel et al., 2019; Verhoef et
al., 2021; Vial, 2021). In addition, these technologies could, in some

circumstances, lead to digital transformation and digital innovation.
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Figure 5

The Digital Bilateral Contingency Model
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Note. This figure illustrates a digitalized bilateral contingency between two
digital operant systems in terms of digital technologies and the three-term
contingencies for companies and consumers individually (solid lines) and

the bilateral contingencies (dotted lines).

Physical or online grocery stores can use several digitalization behaviors.
Digitalization behaviors consist of implementing digital technologies and
the mentioned technologies can be implemented in general retail (Shankar
et al., 2021), grocery retail (Inman & Nikolova, 2017), online stores
(Fagerstrgm et al., 2022; Fagerstram, Eriksson, et al., 2020; Sigurdsson et
al., 2024; Valencic et al., 2022; Wyse et al., 2021), and in the context of
digitalized static labels (Antunez et al., 2015; de Alcantara et al., 2020;
Hagmann & Siegrist, 2020; Miklavec et al., 2021) interactive labels
(Finkelstein et al., 2019; Finkelstein et al., 2021; Fuchs et al., 2022; Sacks et



100

al., 2011), and technology-enabled labels (Braga et al., 2023; De Bauw et
al., 2022; Shin et al., 2022; Shin et al., 2020).

Some of these company behaviors resulted in changes in several of the
consequences described. For instance, Inman and Nikolova (2017) state
that QueVision, a type of digital technology, has increased revenue by
reducing shopper waiting time at the checkout and increasing shopper
satisfaction. Another example involves Shankar et al. (2021), who state that
delivery technologies have improved companies’ ability to track deliveries
and enable consumers to return their orders more effectively. Regarding
revenue and costs, Wyse et al. (2021) found no change in revenue and costs
between intervention and control based on six studies. They suggest a more
explicit investigation into the cost-effectiveness of these interventions.
However, these results may depend on what information is enabled by
digital technologies to promote healthy food. For instance, Fagerstram et
al. (2020) found that all Internet of Things-enabled information creates
a higher likelihood of buying fresh salmon from a smartphone app than
traditional information. Similarly, Fagerstregm et al. (2022) found that higher
consumer ratings on taste and healthiness had more impact on
the likelihood of buying groceries for a barbecue party than lower ratings.
Likewise, Sigurdsson et al. (2024) found that digital quality signals, such as
product ratings by other consumers, had more impact on the choice of fish
purchase than the quantity sold online. Regarding efficiency of resources
and production and better products and services, digital technologies to
promote healthy foods may be used to standardize specific processes such
as marketing research and intelligence regarding products, better
identification of what consumers value the most when it comes to

purchasing healthier products, and companies may be able to charge a
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premium for that service. Regarding satisfied consumers, Braga et al. (2023)
conducted an online experiment, presenting a technology-enabled label
based on the virtual basket consisting of different scores, including one on
how healthy the products in the basket are. More than half of the
participants later stated that the online grocery store was better than past
online stores. Similarly, satisfied consumers may affect the information
delivered by digital technologies, such as consumer product ratings

(Sigurdsson et al., 2024) and health and taste (Fagerstrgm et al., 2022).

Some of the company’s behaviors occurred in the presence of several
antecedent events. For example, Shankar et al. (2021) state that Amazon
Go stores, which use digital technology to create cashier-less shops, have
driven retailers to consider using this service, which is relevant for social
distancing in terms of COVID-19. Inman and Nikolova (2017) suggest that
Costco could give consumers the option to access their shopping history,
which could allow them to create their shopping lists and allow suppliers to
bid on the option that their products are listed at the top. Regarding the
competitive landscape, more consumers have shopped at online stores
since the COVID-19 pandemic, but some product quality signals in physical
stores (e.g., smell) are different in online stores. Retailers are now actively
trying to identify several digital quality signals (Sigurdsson et al., 2024).
Furthermore, some digital technologies can be a deal-breakerin a
competitive market, as some consumers prefer combinations of traditional
and Internet of Things-enabled information in online grocery stores
(Fagerstregm, Eriksson, et al., 2020), while other studies found that digital
technologies that present healthy product labels by using quick-response
codes could be a good investment for retailers, especially in a highly

competitive market (Fagerstrom et al., 2022). Regarding pressure from
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governments, Wyse et al. (2021) state that digital food environments
provide opportunities to deliver strategies to improve public health, which
initiated their research on the topic, while Fuchs (2022) argues that some
digitalized labels may become mandatory in the future for online grocery
stores. In the context of disruptive technologies, Sigurdsson et al. (2024)
found that product rating influences consumer choice the most.
Implementing this digital technology may lead to disruptive effects for
retailers and brand owners, as the retailer or brand owners cannot control
this information. One strategy involves avoiding such implementation if
there are few very dissatisfied consumers, and such ratings may initially be
variable and will stabilize over time as more consumers rate products.
Furthermore, regulations exist today on declarations of nutrients for
groceries sold online, and advancements in recognizing these may lead to
unpredictable digital technologies that may affect how companies promote
healthy food products (Fuchs et al., 2022). Related to consumer
expectation, Valencic et al. (2022) suggest that understanding decision-
making in digital environments is becoming more important as more

consumers are expected to do grocery shopping online.

Lastly, phenomena from consumer behavior analysis could also be
further explored, such as research on impulsivity, rule-governed behavior,
and behavioral variability, which can be used in the context of digitalized
healthy food labeling. Specifically, other factors related to impulsivity, such
as temptation bundling, situation modification, goal-setting, making the
future self-relatable, contingency management, time framing, framing of
outcomes, priming, adding delays, and modeling (Duckworth et al., 2018;
Rung & Madden, 2018; Scholten et al., 2019) of healthy food choice in

combination with digitalized healthy food labels could be explored.
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Regarding rule-governed behavior, other aspects related to rules (or
instructions) such as tracks, plys, augmentals (Zettle & Hayes, 1982),
explicitness, accuracy, complexity, and source, and delay (Pelaez, 20183;
Pelaez & Moreno, 1998) could be used to analyze how descriptions of
healthy food labeling systems impact the effectiveness of such symbols or
logos on consumer preferences and how novel digitalized healthy food
labels also impacts preferences. When it comes to behavioral variability,
empirical investigations of digitalized healthy food labeling that promotes
behavioral variability and its impact on consumer preference should be
conducted. For instance, behavioral variability procedures, such as
frequency-dependent, threshold, and Lag n schedules procedures
(Nergaard & Holth, 2020), could be integrated into digitalized healthy food

labeling related to consumers’ prior healthy food choices.
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Abstract: Front-of-package (FOP) food labels may impact healthy food-related behavior. However,
such labels may be presented using new technology and they may impact behavior differently
than physical labels. This systematic review investigated the effects of physical and digitalized
labels on healthy food-related behavior. This review used four search engines to collect articles
that investigated the effects of food labels on the purchase, consumption, hypothetical choice, and
self-reports of healthy foods. General findings, types of labels, or whether the articles used physical
versus digitalized static, interactive, or technology-enabled labels were synthesized. The dependent
variables were categorized according to whether they were under full, partial, or no control of
the independent variables. The risk of bias was measured by the RoB 2 tool and adapted Joanna
Briggs Institute Checklist. The search strategy identified 285 records and 30 articles were included.
While digitalized static and physical labels did not differ in their effects on healthy food-related
behavior, technology-enabled labels were more predictive of healthy food-related behavior than
interactive labels.

Keywords: food labeling; consumer behavior; healthy foods; physical labels; digitalized labels; technology

1. Introduction

Consumption of unhealthy foods is a major societal problem despite numerous efforts
by different institutions and organizations. Obesity has approximately doubled worldwide
since the 1980s [1]. Research shows a connection between the consumption of unhealthy
foods and an increased risk of heart disease [2]. In addition, it is even associated with an
increased risk of suicide attempts [3]. Furthermore, it is also an economical burden for
society. A high body mass index is estimated to cost USD 990 billion per year globally for
healthcare services [4]. Using mandatory nutritional labels on food products is only one
of many proposed interventions. It may have ameliorated the rising epidemic of obesity.
However, this may not be the case for all subgroups of consumers, such as individuals who
are already obese [5]. As a result, the World Health Organization [6] suggests that the food
industry should promote healthier diets by providing simple and clear food labels. This
can be achieved by presenting simplified front-of-package (FOP) food products. Several
types of FOP food labels exist, as shown in Figure 1. However, research shows that the
effects of these FOP food labels on healthy food-related behavior are inconsistent and vary
in relation to which type of behavior is measured [7-12].

Technology may be used to present digitalized FOP food labels in novel ways, and such
labels may be more effective than physical labels. Digitalized FOP food labels may be static,
interactive, and technology-enabled. Interactive technology may provide detailed product
information to consumers, and technology-enabled retailing may provide personalized
products for each consumer, dynamic presentations of products that may be changed based
on previous purchase history, and provide real-time information where such offers are given
immediately [13,14]. These characteristics may be used for digitalized FOP food labels.
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For instance, Shin et al. [15] presented digitalized FOP food labels in order to study their
effect on healthy food purchases. The label presented an overall healthiness score based on
foods in the virtual basket of each consumer in an online grocery store experiment. They
found that such digitalized FOP food labels increased healthy food purchases. Physical
FOP food labels are static labels that are presented on the physical package, menu boards,
or shelf tags near the products in physical stores. Digitalized FOP food labels are presented
mostly in online grocery stores by a medium or device. In this situation, digitalized FOP
food labels are presented together with images of the food product and may be in the form
of static, interactive, or technology-enabled. Digitalized static FOP food labels are similar
to physical FOP labels as they also present a static image of the food label but differ as
they are presented through a medium. Interactive FOP food labels provide additional
options to access more information regarding the health aspects of the food product or the
label. Technology-enabled FOP food labels provide personalized, dynamic, and real-time
information. Specifically, such labels can provide personalized information based on each
consumer, dynamical information based on their specific actions with the medium, and
real-time information to the consumers. Hence, physical, digitalized static, interactive, and
technology-enabled FOP food labels may present different information to consumers, as
shown in Figure 2, and these may influence healthy food-related behavior in different ways.
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Figure 1. The figure shows examples of different types of front-of-package food labels. From top left
to right, a single summary label (Nordic Keyhole), graded summary label (French Nutri-score), and
combined label (Australian Health Star Ratings) are shown. A percentage-based nutrient-specific
label (British Guideline Daily Amounts), single nutrient-specific label, and graded nutrient-specific
label (British Traffic Lights) are shown from bottom left to right.

Healthy food-related behavior may be measured in several ways and FOP food labels
may impact these behaviors differently. Healthy food-related behaviors can be categorized
into purchase, consumption, hypothetical choice, and self-reports regarding healthy foods.
Purchase may be measured by actual money spent on foods, consumption in terms of the
number of calories consumed, and hypothetical choices may be measured by a relative
selection of a product given a set of several products without actually owning or consuming
the item in the presence of a question. Self-reports are verbal estimations of participants’
own behavior toward a given product in the context of other questions and may be used
to study consumer behavior in general (see [16] for different measurements of consumer
behavior related to FOP food labels). FOP food labels may affect one or several of these
measurements. For example, the purchase of foods may be influenced by FOP food labels,
although with either small or inconclusive results [7], consumption may be influenced by
different FOP food label types [10], hypothetical choices may also be impacted by these
FOP food labels [17], and self-reports such as participants ratings of healthfulness [18],
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taste [19], trustworthiness, intent to purchase [20], affect and familiarity [21] related to
healthy foods may also be influenced by FOP food labels.
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Figure 2. The figure shows hypothetical examples of physical (upper left), digitalized static (upper
right), digitalized interactive (lower left), and digitalized technology-enabled (lower right) front-of-
package food labels.

Although there exists extensive research on related topics, few literature reviews exist
on the effects of digitalized FOP food labels on healthy food-related behavior. For instance,
there exists research on health-related information delivered by technology in physical
stores [22] and the effects of health labels and ingredient labels on consumption and self-
reports [23]. Furthermore, Granheim et al. [24] did a systematic scoping review regarding
the digital food environment and identified some articles which have examined the impact
of healthy food labels on healthy food-related behavior in an online grocery setting without
comparing their effects to physical FOP food labels. Similarly, Pitts et al. conducted a
review on the promises and pitfalls of online grocery shopping related to healthy food
purchase [25]. However, to the best of our knowledge, no systematic literature review has
examined the effects of physical and digitalized FOP food labels regarding different types
of labels and their effect on healthy food-related behavior. Knowledge of such effects on
healthy food-related behavior has both academic and social importance. First, such research
provides an understanding of how technology in this setting influences human behavior,
health-related behavior, and consumer behavior. Second, such knowledge may aid in
reducing obesity, economic costs, and human suffering worldwide. Finally, knowledge
regarding digitalized FOP food labels may give brand owners and retailers a competitive
advantage [26]. Specifically, digitalized interactive and technology-enabled FOP food labels
may provide more accurate descriptions regarding products and present personalized,
dynamic, and real-time information on health scores to consumers. This may increase the
value of healthy foods while at the same time benefiting brand owners and retailers by
increasing the number of healthy food purchases, attracting new customers, and increasing
positive word-of-mouth [27]. This paper aims to fill that knowledge gap by presenting a
classification system of physical and digitalized FOP food labels and investigating how such
labels impact consumer behavior through a systematic review. The objective of this paper
is to investigate how physical, digitalized static, digitalized interactive, and digitalized
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technology-enabled FOP food labels impact purchase, consumption, hypothetical choice,
and self-reports regarding healthy foods.

The rest of the paper is structured in the following manner. First, previous research
regarding the classification of FOP food labels and studies that have investigated physical
labels, and digitalized static, interactive, and technology-enabled labels is presented. This
is followed by providing the methods used in this review. The result of the review is then
presented. Discussion of the results in light of previous research is then provided. At last,
further research directions are suggested.

2. Literature Review

FOP food labels can be classified as summary labels, nutrient-specific labels, or com-
binations of both [9] as shown in Figure 1, and their effects may be moderated by other
variables. Summary labels present an overall health evaluation of a food product and may
be presented as single or graded summary labels. Single summary labels are binary and
their presence on a food product indicates that the product is considered healthy; an exam-
ple is the Nordic Keyhole [28]. However, graded summary labels present a score between a
minimum and a maximum value as a higher score corresponds to a higher degree of the
healthiness of a product, such as the French Nutri-Score [29]. In contrast, nutrient-specific
labels present some key nutrients on the front of the package and specify the degree of the
healthiness of specific nutrient contents. Nutrient-specific labels can be presented in terms
of percentage-based, single, and graded nutrient-specific labels. Percentage-based nutrient-
specific labels show a percentage that is based on specific nutrient content or recommended
daily intake based on an average adult. Single nutrient-specific labels are binary and show
an excess of a given nutrient. Graded nutrient-specific labels show the nutritional content
such as “low”, “medium”, or “high” amounts. Guideline daily amounts [30] warning
labels [31], and traffic lights [30] are examples of nutrient-specific labels. Some FOP food
labels use combinations of summary and nutrient-specific label elements such as the Aus-
tralian Health Star Rating system [32]. In addition, several other independent variables
that influence the effectiveness of these labels have been investigated, such as color-based
labels [8,12], time-pressure conditions, nutritional knowledge about labels [11], textual
claims [33], and self-control [34], among others. In short, FOP food labels can be categorized
in summary, nutrient-specific, and combined labels with several different subcategories
and other variables in combination with labels have been investigated.

Physical FOP food labels and their effects on healthy food-related behavior have been
examined by other researchers. Roberto et al. [19] allocated participants randomly in a
campus store context to no FOP food label, combined FOP food label, and combined FOP
food label with additional per serving information conditions. These labels were presented
for a cereal and the study measured participants’ self-reports regarding estimations of
calories, total sugars, vitamins, healthfulness, intent to purchase cereals, total grams poured,
and total grams consumed. Participants allocated to the combined FOP food label per
serving condition had higher self-reports regarding estimations of calories. In contrast,
other healthy food-related behavior measurements did not differ between the conditions,
indicating no effect. Similarly, Julia et al. [35] allocated participants in a controlled lab store
context to no FOP food label, graded summary FOP food label, and graded summary FOP
food label with information regarding the criteria of the labels, and these were presented
for different food products. The study measured the mean nutritional qualities of the food
items participants had selected in their shopping carts and used self-reports regarding the
recall of the labels, healthfulness, and understanding. The results show that there were few
differences between healthy food-related behavior as a function of these FOP food labels on
hypothetical choice, but that they impacted self-reports regarding recall and understanding.
Koeningstrofer et al. [34] conducted two studies regarding the effects of nutrient-specific
FOP food labels on healthy food-related behavior. In the first study, participants in a
controlled laboratory store context were allocated to no FOP food label. Participants in the
nutrient-specific FOP food label conditions were instructed to shop for four items. The
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process measured participants’ purchases and self-reports regarding self-control and used
professional dieticians to classify which foods were considered healthy. The second study
extended the previous study by using a standardized healthiness of food product scale
instead of ratings of dieticians. The results of both studies show that participants who had
lower self-reports regarding self-control were correlated with a larger decrease in unhealthy
food purchases when the label was present, while participants with higher self-reports
regarding self-control were correlated with smaller effects when the label was present.
Hence, in regard to the effects of physical FOP food labels, one article found differences
regarding purchases when self-reports regarding self-control were high [34] one article did
not find different effects on hypothetical choices [35], one article did not find differences in
self-reports [19], and one article found different effects regarding self-reports [35].

Digitalized static FOP food labels and their effects on healthy food-related behavior
may differ from physical FOP food labels. For instance, digitalized static FOP food labels
may be presented at several locations in the online grocery retail setting, such as on
the first webpage in context with other products or on the second webpage when the
product is presented alone and together with the nutritional information labels of that
product. Digitalized static FOP food labels may be enlarged and may take up more space
with the food product image than physical labels. In addition, there is a longer delay
between the purchase and consumption of food products in the presence of digitalized
FOP food labels compared to physical FOP food labels. Talati et al. [17] conducted a
large-scale online experiment with participants across 12 countries to study the effects of
combined, graded nutrient-specific, percentage-based nutrient-specific, graded summary,
single nutrient-specific, and no FOP food labels on hypothetical choice. Participants were
exposed to food products with no FOP food label, were instructed to select which one out
of three products they would like to purchase, and were again presented with the same
products in combination with one type of FOP food label. Their results show that the
hypothetical choice regarding healthy foods was improved from most to least by graded
summary, graded nutrient-specific, single nutrient-specific, combined, and percentage-
based nutrient-specific FOP food labels. Similarly, Raats et al. [36] conducted an online
experiment with participants from 6 different countries and investigated the effects of
percentage-based nutrient-specific labels based on “per 100g” and “typical portion size” in
combination with different food products on self-reports regarding the healthfulness of
products by categorizing products on a scale from most to least healthy. Their results show
that these labels produced different results. For instance, products in combination with
labels based on “per 100g” were rated less healthy than “typical portion size” labels. At last,
Khandpur et al. [37] investigated the effects of single nutrient-specific and graded nutrient-
specific labels on hypothetical choices and self-reports regarding the intention to purchase,
nutritional accuracy, and ratings of the healthfulness of food products. Their results
show that participants exposed to single nutrient-specific labels had a higher hypothetical
choice and self-reports regarding nutritional accuracy, and lower self-reports regarding
healthfulness than graded nutrient-specific FOP food labels. Hence, in regard to the
effects of digitalized static FOP food labels, two article found differences in hypothetical
choice [17,37], and three articles found differences in self-reports regarding the healthfulness
of products [36,37].

Digitalized interactive FOP food labels and their effects on healthy food-related behav-
ior have been investigated, although less than digitalized static FOP food labels, and they
may also impact healthy food-related behavior differently than other labels do. For instance,
consumers could get more information about the product’s nutritional information or how
such labels grade a given food product. In addition, the location of options such as a
button on the first screen or the second screen could also influence healthy food-related
behavior. Furthermore, there exists research that has examined the effects of digitalized
interactive FOP food labels. Egnell et al. [38] investigated the effects of graded summary,
percentage-based nutrient-specific, and no FOP food labels on hypothetical choices in an
online grocery context. Interestingly, participants in that study had the option to access
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more information regarding the labels or the food product by clicking a specific button. Par-
ticipants” hypothetical choice regarding healthy foods was higher when exposed to graded
summary labels than to percentage-based nutrient-specific labels. No label produced the
least hypothetical choice regarding healthy foods. Maubach et al. [39] investigated the
effects of graded summary, graded nutrient-specific, percentage-based nutrient-specific,
and no FOP food labels on best-worst scaling in a choice experiment. Similarly, participants
could get more information regarding nutrients, ingredient lists, and allergens by clicking
on a specific button. Their results show that graded nutrient-specific labels had the most
impact on hypothetical choices than other conditions. Andrews et al. [40] examined single
summary labels, graded nutrient-specific labels, and no FOP food labels on self-reports
regarding the healthfulness of the product and nutrient estimations of food products. The
participants could click on a button to see nutritional labels on the back of the products.
Their results show that graded nutrient-specific labels generated higher nutrient accuracy
than did single summary labels. Single summary labels generated higher self-reports
regarding healthfulness than the other conditions. Sacks et al. [41] examined the impact of
graded nutrient-specific labels and no FOP food labels on purchase. Likewise, the partici-
pants were presented with the FOP food labels and could get more information about the
labels or nutritional information by clicking on a specific button. Their results indicate that
introducing these FOP food labels did not change overall purchases nor sales of products
without “red labels.” Fuchs and colleagues [42] investigated the effects of interactive FOP
food labels on purchase and self-reports of healthy foods in a laboratory-based online
grocery store. Specifically, they developed a Google Chrome extension that displayed
Nutri-Score for product-specific food products. Their result shows that individuals that
were exposed to such static labels purchased on average, more healthy food products than
did controls. In addition, the effect was stronger for individuals with low food literacy and
individuals that were exposed to such labels showed stronger advocacy for introduction of
such labels. Hence, one article shows that digitalized interactive FOP food labels did not
influence purchase [41] while one article found an increase in purchase [42], two articles
show that digitalized interactive FOP food labels influenced hypothetical choices [38,39],
and two articles show that digitalized interactive FOP food labels influenced self-reports of
healthy foods [40,42].

Digitalized technology-enabled FOP food labels and their effects on healthy food-
related behavior have not been investigated in as much detail as physical or other digitalized
FOP food labels. For instance, one could arrange a digitalized technology-enabled FOP
food label that presents an overall graded summary label as a personalized, dynamic,
and real-time based progress bar based on all products within a virtual basket before or
during purchase. Such a progress bar may display how healthy a food shopping cart is
or how unhealthy a virtual food cart is. As indicated elsewhere [43], such framing may
influence food purchases. However, few articles have investigated the effects of digitalized
technology-enabled FOP food labels on healthy food-related behavior. Shin et al. [15]
investigated the effects of aggregated dynamic food labels with real-time feedback based
on food products in each consumer’s virtual basket, and presented the result as a pie chart
based on graded summary FOP food labels or based on graded nutrient-specific FOP food
labels, in combination with an option to sort products selected by consumers from most
to least healthy on consumers food selection. The study used a crossover design. Half
of the participants completed grocery shopping first without the dynamic food label and
then with the dynamic food label. The other half completed shopping first with the label
and then without the label. The participants who were exposed to the labels could select
which one of seven different types of FOP food labels they would like to see. The study
results show that participants exposed to the aggregated dynamic real-time food label
scores selected on average, foods with a higher Nutri-score value, lower amounts of total
sugar, and lower calories than those not exposed to such FOP food labels. Hence, one
article [15] showed that digitalized technology-enabled FOP food labels increased healthy
food choices.
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3. Materials and Methods

The procedure for conducting this systematic review was based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [44].

3.1. Eligibility Criteria

The articles which were included were (a) peer-reviewed journal articles and books,
(b) empirical research articles which presented new data, and (c) written in English. With
regard to (d) the first screening phase, articles that had the following text in the title,
abstract, or keywords: “cues”, front-of-package”, “labels”, “point-of-decision”, “symbols”,
“icons”, and “logos” and its effect on food-related behaviors were eligible for the final
screening phase. After the search, the following variations of the terms were included
in order to avoid ambiguity: “cue”, “label”, “package”, “packaging”, “icon”, and “logo”.
Regarding (e) the final screening phase, the articles included in this review were based on
the full text of the article and included if they investigated FOP food labels on healthy food-
related behaviors. FOP food labels were defined as a single summary, graded summary,
percentage-based nutrient-specific labels, single nutrient-specific labels, graded nutrient-
specific labels, or combined labels. Healthy food-related behaviors measured participants’
purchases, consumptions, hypothetical choices, and self-reports related to healthy foods
measured quantitatively. After the search, self-reports were defined by being assessed on a
Likert-type scale. Healthy food was defined as either low in sodium, saturated fats, sugar,
or calories, or with an excess of protein, unsaturated fats, fiber, or vitamins. Conference
articles, other sources, conceptual articles, literature reviews, articles that used secondary
data, non-English articles, and articles that violated the first and final screening criteria
were excluded.

3.2. Search Strategy

Studies were identified using search engines for academic peer-reviewed journal
articles, and the search engines selected were based on the findings by Gusenbauer and
Haddaway [45]. The principal search engines that were used for this study were “Web
of Science”, “Science Direct”, “PubMed”, and “Wiley Online Library.” The search was
performed, and information regarding articles was extracted on the 8 of November 2021.
The search consisted of identifying possible eligible articles using the following search
string: “front-of-package” AND (“technology” OR “online grocery”). The same search
string was used in all the search engines. In addition, no filters were used during the
search in all search engines. There were no imposed restrictions on publication dates or
journal categories. The search process consisted of extracting the reference information
for possible eligible articles by clicking on the “export” option for each search engine and
downloading an article information file. The files contained the following information
name of the journal, year of publication of the article, author(s) of the article, title of the
article, the abstract, and keywords for each article.

3.3. Selection Process

These article information files from the four databases were merged into one com-
mon file. Two independent reviewers screened the articles listed in the common article
information file based on the eligibility criteria. The reviewers had inter-rater reliability of
85.23% agreement in the first screening phase. The two reviewers resolved disagreements
by discussing which eligibility criterion was violated, followed by a reassessment. If the
meeting did not result in an agreement, then a third independent reviewer provided a final
assessment of whether the article met the eligibility criteria. The reviewers had inter-rater
reliability of 72.72% agreement in the final screening phase. Similarly, disagreements for
the final screening phase were performed by two independent reviewers, and a final assess-
ment by a third if there were disagreements. The consensus of the two reviewers resolved
all disagreements.
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3.4. Data Collection Process

The data collection process consisted of using a data collection sheet, and collection
was performed by one reviewer. Data were obtained by identifying each of the article’s
information in the common article information file and based on the full text of the articles.
The data of the full-text articles were extracted on 10th December 2021. The data items on
the data collection sheet consisted of the year of publication, name of the journal of the
article, name of authors, name of title, the abstract, number of observations included in the
analysis, unit of analysis, percentage of female participants, research design, controlled or
field setting, dependent variable(s), independent variable(s), comparison of data method,
effect strength, univariate or multivariate independent variables, findings of the study, type
of FOP food labels, physical or digitalized FOP food label, and whether the FOP food labels
were static, interactive or enabled by technology. The research designs were categorized
into between-participant, within-participant, and non-experimental surveys. The depen-
dent variables were categorized into purchase, consumption, hypothetical choices, and
self-reports regarding healthy foods. Self-reports were defined as verbal estimations by
participants measured by Likert-type scales. The type of FOP food label was categorized
by single summary labels, graded summary labels, percentage-based nutrient-specific,
single nutrient-specific labels, and graded nutrient-specific FOP food labels. The findings
of the studies were summarized by describing the methods and results of each included
study based on the participants, intervention, control condition, and outcome measurement.
Physical FOP food labels were defined as labels being presented near the three-dimensional
package of a product, digitalized static FOP food labels were defined as being a label
presented on a picture of the product, digitalized interactive FOP food labels were defined
with the same criteria as digitalized static FOP food labels but with the additional option to
view more information of the label or food product, and digitalized FOP food technology-
enabled labels were defined as labels that presented information which was personalized,
dynamic, and real-time based on participants actions in the study.

3.5. Synthesis of Results

Six syntheses of results were used in this review. First, a methodological overview
of each article was synthesized in a table by its article number and the first 11 data items
(except item 2) specified in the data collection process. Second, FOP food labels used
in included articles were synthesized in a table by article number, year of publication,
author(s), whether the study used physical or digitalized FOP food labels, whether they
were static, interactive or technology-enabled, and which type of FOP food label was used.
Third, the findings of each article were synthesized in a table by article number, year of
publication, author(s), and findings which were summarized by the method and results by
describing the participants, intervention, control condition, and outcome variable (depen-
dent variable) used in each article. Fourth, the number of articles that investigated physical
and digitalized FOP food labels as a function of the year of publication is represented by a
bar graph. Fifth, articles that investigated the effects of FOP food labels’ presence compared
to their absence on the dependent variable were synthesized by presenting how many
articles investigated the physical, digitalized, digitalized static, digitalized interactively,
and digitalized technology-enabled FOP food labels; and the percentage of articles that
found that the dependent variables were under experimental control of these labels. Finally,
articles that investigated the effects of FOP food labels’ presence compared to their absence
across the dependent variables were synthesized by presenting how many articles investi-
gated the physical, digitalized, digitalized static, digitalized interactively, and digitalized
technology-enabled FOP food labels, and whether purchase, consumption, hypothetical
choice, or self-reports separately changed as a function of these labels.

3.6. Study Risk of Bias Assessment

This study used a risk of bias assessment based on the RoB 2 tool [46] for studies that
used randomized controlled trials and an adapted Joanna Briggs Institute (JIB) checklist
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for non-randomized controlled studies [47] for all studies included in the review. For
the randomized controlled trials studies, each study was assessed for bias due to the
randomization process, deviation from intended intervention, missing data, measurement
of outcomes, and reported results. An adherence assessment was used for deviations
from intervention, and the additional risk of bias assessment was given for crossover and
cluster randomized controlled trials. For the non-randomized controlled trials, each study
was assessed for risk of bias regarding temporal relations between independent variables
and their effects, participants’ characteristics across groups, a clear procedure for each
intervention, a control condition, multiple measurements of the outcome, missing data,
measurement of outcome, and reliability of the outcome. Both the RoB 2 tool and adapted
JIB Checklist were used to evaluate an overall risk of bias score, indicated by “Low risk”,
“Moderate risk”, or “High risk” for each study. The original assessment for JIB was changed
from “Yes”, “No”, or “Unclear” to the assessment mentioned above.

4. Results
4.1. Study Selection

A visual representation of the study selection process is shown in Figure 3. The search
strategy resulted in the identification of 285 records. Fourteen of them were duplicates.
They were removed. Two hundred and seventy-one were screened based on the first
screening criteria, and 216 records were excluded for not meeting the criteria. All remaining
55 reports were sought for retrieval and assessed for eligibility. Out of those, a total of
25 reports were excluded based on the final eligibility criteria, as 10 of the reports did not
investigate FOP food labels as defined in this review, five of the reports did not investigate
behaviors related to healthy foods, four of the reports did not investigate the dependent
variable specified in this review, and one report did not use primary data collection. This
resulted in a total of 30 articles included in this review [15,33,48-75].

Identification of new studies via databases and registers

o
2
5 Records identified from: Records removed before screening:
= Databases (n = 285) Duplicate records (n = 14)
H
=
Records screened Records excluded
(n=271) (n=216)
> l
E Reports sought for retrieval
= (n=55)
s}
»
l Reports excluded:
SRR FOP label (n = 10)
| Reports ass(is:zds)for eligibility Healthy foods (n = 5)
Dependent variable (n = 4)
Secondary data (n = 1)
= A 4
2 New studies included in review
‘_E (n=30)

Figure 3. The flowchart shows the identification, screening, and inclusion of records, reports, and
articles included on the left and reasons for removal on the right.
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4.2. Study Characteristics

The methodological approach for each included article is shown in Appendix A Table Al.
The most common units of analysis were participants. The studies had a variability range
of 1902 regarding the participants, and approximately two-thirds of the studies had a female
participant percentage between 30% and 60%. In regard to the research design of the articles,
the majority were between-participant research design (52.9%), followed by within-participant
research design (47.1%), and non-experimental surveys (0%). The majority of the studies were
conducted in a controlled setting (76.7%). From most to least common approaches for measuring
the dependent variable, the articles used self-report (46.7%), hypothetical choice (40%), purchase
(11.1%), and consumption (2.2%). The independent variables that were investigated were differ-
ent types of FOP food labels, labels with different product categories, nutritional information
labels, different food products, textual health claims, brands, color-based labels, loss or gain
framing, the time limit to shop, caloric information on each ingredient, caloric information
relative to other ingredients, amount of labels within a food category, its correspondence to
nutritional information, dynamic and real-time feedback, and preparation method for products.
The three most common comparisons of data methods were ANOVA, t-tests, and chi-square
tests, and the majority of the studies investigated multivariate independent variables.

The FOP food labels from each article are shown in Appendix A, in Table A2. Re-
garding physical and digitalized FOP food labels, seven articles investigated physical FOP
food labels, and 23 articles investigated digitalized FOP food. Out of all included articles,
24 articles investigated static labels, six articles investigated interactively, and one article
investigated technology-enabled FOP food labels. Regarding the type of FOP food labels,
24 out of 30 articles investigated nutrient-specific labels, while 12 out of 30 articles investi-
gated summary labels. Specifically, 18 articles investigated graded nutrient-specific labels,
10 investigated single nutrient-specific labels, seven investigated graded summary labels,
five investigated single summary labels, and five articles investigated percentage-based
nutrient-specific labels.

The findings from each article are shown in Appendix A, in Table A3. Based on the
findings of all 30 articles, 18 articles documented different values of the dependent variables
in the presence of FOP food labels compared to the absence of such labels. Five articles
found different effects of FOP food labels depending on which dependent variable was
used. One article found no difference between the presence and absence of FOP food labels.
The six remaining articles lacked an absence of label condition. In regard to all articles, 10
articles found differences between different types of FOP food labels, three articles found
differences depending on which dependent variable was used, and 17 articles did not
compare different types of FOP food labels as categorized by this review (e.g., some of the
articles investigated several single nutrient-specific labels) or investigated only one label.

4.3. The Effects of Physical and Digitalized FOP Food Labels

The number of articles that have investigated either physical and digitalized FOP food
labels and the year of publication is shown in Figure 4. The figure shows that the number
of articles investigating digitalized FOP food labels increased steadily from 2011 to 2019
and that digitalized FOP food labels were higher in 2020 and 2021 than were physical FOP
food labels.
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Figure 4. The Y-axis shows the number of articles included in this review, and the X-axis shows the
year of publication for its corresponding article. The black bar corresponds to articles that investigated
physical FOP food labels while the white bar corresponds to articles that investigated digitalized FOP
food labels.

Articles that investigated the effects of the presence of physical and digitalized FOP
food labels compared to their absence are shown in Appendix A, in Table A4. The effects of
the presence of physical FOP food labels compared to their absence were investigated by six
articles in this review. Out of those, five articles documented that the presence of physical
FOP food labels was associated with a change in the dependent variables compared to
the absence of FOP food labels. In contrast, the remaining articles had different results
depending on the dependent variables being measured. The effects of the presence of
digitalized static FOP food labels compared to their absence were investigated by 12 articles.
Out of those, ten articles documented that the presence of digitalized static FOP food labels
was associated with a change in the dependent variables. Two articles documented mixed
results depending on which dependent variable was used. Five articles investigated the
effects of digitalized interactive FOP food labels. Three of these documented a change in the
dependent variable. One article found mixed results, and one article did not find differences.
The effects of digitalized technology-enabled FOP food labels were investigated by one
article, and it documented that the FOP food labels did change the dependent variables.

Articles in this review that investigated the effects of the presence of physical and
digitalized FOP food labels compared to their absence across the dependent variables
are shown in Table 1. In regard to purchasing as the dependent variable, one article
did not find differences when exposed to physical FOP food labels, no articles examined
digitalized static FOP food labels, two out of three articles found differences when exposed
to digitalized interactive FOP food labels, and one article found differences when exposed
to digitalized technology-enabled FOP food labels compared to the absence of such labels.
Regarding consumption as the dependent variable, one article found differences when
participants were exposed to physical FOP food labels compared to their absence, and
no articles examined digitalized FOP food labels. Regarding hypothetical choice, two
articles found differences when exposed to physical FOP food labels, all eight articles found
differences when exposed to digitalized static FOP food labels, one out of two articles
found differences when exposed to digitalized interactive FOP food labels, and no articles
investigated the effects of digitalized technology-enabled FOP food labels. Regarding self-
reports as the dependent variable, two out of three articles found differences when exposed
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to physical FOP food labels, three out of five articles found differences when exposed
to digitalized static FOP food labels, no articles investigated the effects of digitalized
interactive FOP food labels and digitalized technology-enabled FOP food labels.

Table 1. The effects of physical and digitalized FOP food labels across dependent variables.

Physical Digitalized
Dependent Variable Static Interactive Technology-Enabled
Purchase 0% 66.67% 100%
(10) (1,3,20) (25)
Consumption 100%
P (30)

. . 100% 100% 50%

Hypothetical choice 4 11) 6,7,11,12, 15, 16, 28, 29) 6, 14)
Self-reports 33% 60%
P ©, 10, 26) (16,17, 18, 22, 24)

Note. The table shows the percentage of articles that indicate that the corresponding dependent variable was
under full control of physical, digitalized static, digitalized interactive, and digitalized technology-enabled FOP
food labels based on articles that had a presence and an absence of FOP food label conditions. Each article’s
number in the parentheses specifies the articles.

The most effective type of FOP food labels compared to other labels and their impact on
purchase, consumption, hypothetical choice, and self-reports regarding healthy foods were
also investigated. One article investigated multiple types of FOP food labels regarding phys-
ical FOP food labels and found that combined labels were most effective in changing the
dependent variable. Specifically, Koeningstrofer et al. [51] investigated the effects of graded
nutrient-specific, single summary, and combined FOP food labels on hypothetical choices
and found that participants who were exposed to combined FOP food labels selected food
products that had the least harmful nutrients based on the SSAg/1 scale [49]. Six articles
investigated the effects of multiple types of FOP food labels regarding digitalized static
FOP food labels. Three articles identified which type of FOP food label was most effective
in changing the dependent variable, while the three remaining articles found inconclusive
results. Two articles found graded nutrient-specific labels, and one found that graded
summary labels were most effective. Specifically, Gustafson & Zeballos [62] investigated
the effects of percentage nutrient-specific and graded nutrient-specific FOP food labels and
found that graded nutrient-specific labels were most effective. Hagmann & Siergrist [63]
investigated the effects of the graded nutrient-specific and summary labels and found
that graded nutrient-specific labels were most effective. Gabor et al. [66] investigated the
effects of graded nutrient-specific, graded summary labels, and percentage nutrient-specific
labels and found that graded summary labels were the most effective. Deliza et al. [55]
investigated percentage nutrient-specific labels, graded nutrient-specific labels, and single
nutrient-specific labels, and Lima et al. [70] studied percentage nutrient-specific labels,
graded nutrient-specific labels, and single nutrient-specific labels. Antunez et al. [60] inves-
tigated percentage nutrient-specific labels and graded nutrient-specific labels and did not
find differences in effects as a function of the labels. Three articles investigated the effects
of multiple FOP food labels on digitalized interactive FOP food labels. Two of those three
articles found that graded summary labels were most effective in changing the dependent
variable than other labels. The remaining article found that single nutrient-specific labels
were most effective. Specifically, Finkelstein [48] investigated graded nutrient-specific
labels and graded summary labels and found that graded summary labels were the most
effective. Blitstein et al. [61] investigated graded summary labels, graded nutrient-specific
labels, and combined labels and found that graded summary labels were most effective; and
Finkelstein et al. [50] investigated single nutrient-specific labels and graded nutrient-specific
labels and found that single nutrient-specific labels were most effective. Regarding digi-
talized technology-enabled FOP food labels, no article investigated the effects of different
types of FOP food labels.
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4.4. Risk of Bias in Articles

The risk of bias assessment for articles that used a between-participants design with
randomization is shown in Appendix A, in Table A5. Out of all 22 articles, 12 articles were
assessed as having a high overall risk of bias, nine articles were a moderate risk, and one
article was low risk. Regarding the risk of bias domains, a high risk of bias was more
common in the deviations from the intended intervention. A moderate risk of bias was
more common in reporting of results. Low risk of bias was more common in the missing
outcome data domain

The risk of bias assessment for studies that did not use a between-participant design
with randomization is shown in Table A6. Six articles had a high overall risk of bias, and
three articles had a moderate overall risk of bias. Regarding the risk of bias domain, both
high and moderate risk of bias were more common in multiple measurements of outcome
pre- and post-intervention domains. At the same time, nine articles had an overall low risk
of bias regarding the temporal order of independent variable and effect, the procedure for
interventions, measurement of outcome, and reliability of outcome domain.

5. Discussion
5.1. General Interpretation

This systematic review aimed to present a classification system and investigate the
effects of physical and digitalized FOP food labels on healthy food-related behavior. Specif-
ically, the articles that were collected investigated the effects of physical and digitalized
static, interactive and technology-enabled FOP food labels on consumer purchases, con-
sumption, hypothetical choices, and self-reports regarding healthy foods. To the best of the
authors’ knowledge, this study is the first study to do so.

The results show a difference in the dependent variables defined in this review as a
function of digitalized FOP food labels when analyzed individually. Based on the articles
included in this review, a higher percentage of articles found a difference in purchase and
self-reports regarding digitalized FOP food labels compared to the percentage of articles
that used physical FOP food labels. A similar percentage of articles found a difference
in hypothetical choices regarding digitalized FOP food labels compared to articles that
investigated physical FOP. No articles investigated consumption as a function of digitalized
FOP food labels. Hence, the results indicate that the effects of digitalized FOP food labels are
greater for purchase and self-reports compared to physical FOP food labels. Furthermore,
in the context of digitalized static FOP food labels, more articles reported a change of
hypothetical choice compared to articles that investigated self-reports.

When analyzed collectively, the results show a difference in the dependent variables
defined in this review as a function of digitalized FOP food labels. The results show
that the percentage of articles that found differences between the dependent variables
was the same when articles investigated physical and digitalized static FOP food labels.
The results also show that the percentage of articles that found a difference between the
dependent variables was lower as a function of digitalized interactive FOP food labels than
physical FOP food labels. In addition, a higher percentage of articles found a difference in
the dependent variable as a function of digitalized technology-enabled FOP food labels
compared to physical FOP food labels. Hence, the percentage of articles that found an effect
was similar for digitalized static, lower for digitalized interactive, and higher for digitalized
technology-enabled FOP food labels than physical FOP food labels when the dependent
variables were analyzed collectively. However, more studies are needed to evaluate the
effects of digitalized FOP food labels.

Lastly, when compared to different types of FOP food labels and their effectiveness
in changing healthy food-related behaviors, combined labels were documented as the
most effective for physical, graded nutrient-specific for digitalized static, graded summary
labels for digitalized interactive FOP, and no articles investigated the effects digitalized
technology-enabled FOP food labels. However, these articles did not compare the same
type of FOP food label. Further research is needed to identify which type of FOP food labels
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are more effective when presented as physical, digitalized static, digitalized interactive,
and digitalized technology-enabled FOP food labels.

The articles identified in the introduction and articles which were included in the
review had different results in regard to physical labels, to some degree similar results
in regard to digitalized static, non-consistent results in relation to digitalized interactive,
and was the same article in regard to digitalized technology-enabled FOP food labels. The
results of the articles in this review do not align with the results in the literature review.
Specifically, one article did not find the difference in purchase [57], one article did find a
difference in consumption [75], two articles found a difference in hypothetical choice [51,58],
and one did find differences in self-reports article [56] while two articles did not find a
difference in self-reports [33,57] as a function of physical FOP food labels. In contrast to
previous research, one article did find differences in purchases when self-reports regarding
self-control were high [34], one article did not find a difference in hypothetical choice [35],
and all three articles found differences in self-reports as a function of physical FOP food
labels [19,34,35]. Digitalized static FOP food labels and their effects on healthy food-related
behavior based on the articles included in this review are, to some degree, in line with
the results of prior research identified in the literature review section. In our systematic
review, eight articles did find differences in hypothetical choices [52-54,58,59,62,63,73,74],
three articles did find difference in self-reports [63,65,71], while two articles did not find
difference in self-reports [64,69] as a function of digitalized static FOP food labels. Based
on the studies that were identified in the literature review, two articles did find differences
in hypothetical choice [17,37], and two articles did find differences in self-reports [36,37] as
a function of digitalized static FOP food labels. The effects of digitalized interactive FOP
food labels on healthy food-related behavior, based on the articles included in this review,
are non-consistent with effects identified prior research mentioned in the literature review
section. In our review, two articles found differences in purchases [48,50] while one article
did not find differences [67], one article found differences in hypothetical choice [61] while
one article did not find differences [52]. Regarding research in the literature review, one
article did not find the difference [41] while one article found an increase in purchase [42],
two articles found a difference in hypothetical choice [38,39], and one article found a
difference in self-reports [40] as a function of digitalized interactive FOP food labels. The
effects of digitalized technology-enabled FOP food labels and their effects on healthy
food-related behavior were the same as in articles identified in this review and previous
research [15] indicating a lack of research regarding digitalized technology-enabled FOP
food labels, as shown in Table 1.

There are several alternative explanations regarding the general interpretation of this
review. Firstly, this systematic review found different results when healthy food-related
behavior was analyzed collectively or individually. When healthy food-related behaviors
were analyzed collectively, then similar percentages of articles that found differences in
the dependent variable as a function of physical and digitalized static FOP food labels
were found. However, when the percentage of articles was analyzed across the dependent
variables, a higher percentage of articles were found that documented a change in self-
reports as a function of digitalized static FOP food labels compared to physical FOP food
labels. One possible explanation is that the search strategy that was used found more
articles that investigated the effects of digitalized static FOP food labels on hypothetical
choices. The results may have been different if the search strategy identified an equal
number of articles that investigated the effects of physical, digitalized static, digitalized
interactive, and digitalized technology-enabled FOP food labels on purchase, consumption,
hypothetical choice, and self-report. In addition, hypothetical choices regarding preference
often involve repeated evaluations by the participants while self-reports may require a
single evaluation. This may have impacted the results. Secondly, more articles support that
physical and digitalized FOP food labels change hypothetical choices than do articles that
used self-reports as the dependent variable. One possibility is that it may be more practical
to measure several self-report measurements, such as ratings of healthfulness, taste, affect,
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and so on, through a questionnaire that presents several such questions compared to
measuring several hypothetical choices. The increase in measurements with self-report
may increase the probability of not finding changes.

These findings imply that physical and digitalized labels may have different impacts
on consumer behavior and there may be several possible mechanisms for these findings.
First, it may be the case that the actual sight and symbolic representation of food products
may have different impacts on healthy food-related behavior. For instance, Huyghe and
collages [76] conducted a series of experiments regarding online and offline grocery shop-
ping on healthy food-related behaviors. Their results indicate that symbolic representation
of a product may impact self-control and that may impact healthy food purchases [34].
Furthermore, online grocery stores provide the possibility of presenting pre-selected food
products along with recipes (meal kits). The effects of digitalized FOP food labels may
function differently when they are based on a collection of many products compared to
individual products. Finally, consumers can use a variety of sensory modalities to assess a
food product before purchasing it in a physical store whereas online grocery stores provide
no specific sensory information such as smell and touch. In an online grocery store, one can
present textual descriptions of sensory information based on the association between previ-
ously purchased products; for instance, a message at the point of purchase that suggests
that a particular brand of apple has the same “taste profile” as other previously purchased
products. The presence or absence of these variables may influence the effectiveness of
certain digitalized FOP food labels.

5.2. Limitation of Evidence Based on Articles and Review

There exist several limitations of evidence based on the articles. Firstly, the majority of
the articles included in this review had an overall moderate or high risk of bias. Specifically,
reporting of results was the risk of bias domain that had the least “Low risk” assessments.
The majority of these articles had a moderate risk of bias, where there was no provided
information on a pre-specified statistical analysis plan. Secondly, the majority of the articles
investigated the effects of digitalized static FOP food on hypothetical choices or self-reports.
There is a lack of articles examining the effects of digitalized static FOP food labels effects
on purchase and consumption, the effects of digitalized interactive FOP food labels on
consumption and self-reports, and the effects of digitalized technology-enabled FOP food
labels in general, except for one article.

Several methodological limitations of this review are also worth addressing. Firstly, the
search strategy may have been too restrictive regarding identifying all articles investigating
the effects of physical and digitalized FOP food labels. However, this systematic review
aimed to investigate the effects of physical and digitalized FOP food labels on healthy
food-related behavior and not to identify all previous research that has examined FOP
food labels. Furthermore, this systematic review used only principal search systems which
do not include Google Scholar. This may have impacted the number of articles that
have investigated the effects of digitalized static FOP food labels included in the review.
However, the number of articles that investigated interactive and technology-enabled
FOP food labels produced by search engines is not likely to be affected. Secondly, one
reviewer did the risk of bias assessment and the data collection process, apart from the
findings of articles that another independent reviewer assessed. Thirdly, tools regarding
the certainty of assessment were not used. However, issues regarding the articles identified
were discussed in regard to limitations of evidence based on the studies. Several articles
included in this review had an overall moderate to high risk of bias. Hence, presenting a
meta-analysis that investigated the degree of effects was not appropriate. Furthermore,
several articles used different measurements concerning the dependent variable. For
instance, one article could present three food products, and another could present six food
products when measuring hypothetical choices regarding healthy food. A meta-analysis
would be appropriate if the articles in this review used the same experimental paradigm.
However, a meta-analysis was not done due to a large variation in experimental designs.
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This review instead investigated how many empirical articles found a difference in healthy
food-related behavior as a function of physical and digitalized FOP food labels instead of
directly comparing different dependent variables. Lastly, this review did not control for
the confounding effects of nutritional fact labels. Future studies could address this and
examine the confounding effects of nutritional information labels and digitalized FOP food
labels. To control for the confounding effects would require a larger sample of empirical
studies that met the inclusion parameters of this study. However, in this study, it was not
feasible to perform such an analysis. Future studies could address this and examine the
confounding effects of nutritional fact format and digital labeling format.

5.3. Implications and Further Research

Several implications exist based on the findings of this review. Firstly, this review
found an increase in research articles regarding digitalized FOP food labels. This trend
indicates that investigations into the effects of such labels are increasing and will be
important for future online grocery retailing practices. Secondly, this review found one
article [15] which investigated the effects of digitalized technology-enabled FOP food
labels and found a reliable increase in healthy food purchases and a decrease in unhealthy
nutrients while at the same time not showing significant differences in dollars spent per kcal,
indicating that one indeed can increase healthy food purchase without decreasing profit.
As mentioned, digitalized technology-enabled FOP food labels may increase the number
of healthy food purchases, attract new customers, and increase the positive reputation of
online grocery stores and brand owners such as Thrive Market, Tesco, Sainsbury, Walmart,
and AmazonFresh. Even though digitalized interactive FOP food labels alone may not
change purchases, such labels may still provide consumers with accurate descriptions of
food products. They may attract new consumers and increase positive word of mouth
regarding brand owners and retailers.

One way to advance further studies regarding digitalized technology-enabled FOP
food labels is to conduct controlled laboratory experiments regarding how previous neutral
symbols or stimuli may acquire a function as a healthy food label in individual analysis.
As mentioned, the effects of such labels may increase the purchase of healthy foods for
some subgroups [5]. Previous history with interactions with these labels may be one
variable that may impact their effectiveness. The majority of the articles studied healthy
food labels implemented through public policy. Participants presumably had some history
regarding such labels and this may influence the effectiveness of such labels in changing
healthy food-related behavior. Although further studies regarding how different FOP
food labels impact different subgroups are needed [7], there is also a need to identify how
the presentation of information or stimuli, in general, may impact healthy food-related
behavior on an individual psychological and behavioral level, and then replicate such
findings on a large scale level. Future studies regarding digitalized technology-enabled
FOP food labels could, in combination, investigate the effects of automatic self-monitoring
of healthy food purchases, presentation of healthy food labels on food products that have
not been purchased previously in order to increase variability regarding food choices,
decreasing the delay of future consequences by presenting real-time based health-related
information such as a decreasing in the chance of illnesses associated with healthy food
purchases, self-imposed costs or restriction of unhealthy foods in the combination of single
nutrient-specific labels, other consumers FOP food label scores, and immediate or delayed
presentations of such labels (e.g., real-time based versus every third purchase based on
products in virtual basket). One way to advance further studies regarding digitalized
interactive FOP food labels is to examine their effects on hypothetical choice, self-reports,
and food consumption. As mentioned, articles that have used self-reports as the dependent
variables may have measured various constructs such as healthfulness, trust, familiarity,
etc., compared to hypothetical choice. Further studies could investigate such constructs.
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6. Conclusions

In conclusion, digitalized interactive and technology-enabled FOP food labels and
their effects on healthy food-related behavior remain an unexplored research area. This
systematic review identified previous research regarding physical, digitalized static, digi-
talized interactive, and digitalized technology-enabled FOP food labels and investigated
their effects on healthy food-related behavior regarding purchase, consumption, hypothet-
ical choice, and self-reports. When analyzed collectively, a similar percentage of articles
demonstrated the effects of physical and digitalized static FOP food labels on healthy
food-related behavior. Furthermore, a lower percentage of articles demonstrated the effects
of digitalized interactive FOP food labels compared to physical FOP food labels. However,
a higher percentage of articles demonstrated the effects of digitalized technology-enabled
FOP food labels. When analyzed individually, a higher percentage of articles supported a
difference in purchase and self-reports as a function of physical and digitalized FOP food
labels. Regarding articles identified in this review that compared different types of FOP
food labels, including physical combined, digitalized static graded-nutrient, and digitalized
interactive graded summary, FOP food labels were most effective. Our results show that
there is an increase in the publication of studies regarding digitalized FOP food labels and
their effect on healthy food-related behavior. Knowledge regarding variables that moderate
these effects would be important for future studies.

Author Contributions: Conceptualization, A.F. and N.L.; methodology, N.L. and S.P;; software, N.L.;
validation, N.L., S.P.,, A.F. and E.A; formal analysis, N.L, S.P. and A.F.; investigation, N.L.; resources,
A'F; data curation, N.L. and S.P,; writing—original draft preparation, N.L.; writing—review and
editing, S.P., A.F. and E.A.; visualization, N.L.; supervision, A.F. and E.A_; project administration, N.L.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All data is provided in this article or in the Appendix A.

Conflicts of Interest: The authors declare no conflict of interest.



sdnos pue

sa[qerea 159} ‘stsATeue - < 'sdnos uo odor-19s uSrsap juedonred sjuedpnie] ;g V&
o m%,% mx uo cmwwmhwmmmc nso cm%mwwmﬂ \m.w;w_ %v::& Mmﬁwﬂ M Sums ppL] «%wwﬁwm%w isop Pa1a[[02 10N Aprig seraRye) w%mm X x%ﬂ% 5] ‘T2 3 wAA 1102 ot
Leat ; U0 08o[ seo1oU w1 THIM ;1 Apmig
xew oxd ‘uonewnsa
ooyt
sa[qereA wnwrxew spueiq rerrurey Sis
juapuadapur ‘stsATeue [ayrered “wa)sAs 31 dygen y1odar-jag Bumas parjonuo) 2159p %09 syuedonieg 5l [9¢] 'Te 30 ewr 6102 6
B . Juedpnred-urgp
QRLIPAGNIA sisApeue 1030ey sponpoid Axrep jo sadA], = s
K1ojerordxa 4s9y
s 4L ‘VAONV
12qe] uoSe}o Yor[q pue
sa[qereA 1591} ‘Ppowr “a18ueLn ype[q ‘I pax d s ‘3oL ar
juapuadapur Teaur] pazijerauad ‘rayTuSewr paz “rayruewr HodaI-j1as %M.osu Bumpas parjomuo)) d - M@ﬁ %1S syuedonieg €61 T Apmig [c€] Te 3@ ez 020T 8
ajeLeAnnN ‘VAONV pe[q ‘waysAs ST dnyen [2RIOCAH juedppied-usamag
“unowe A[rep surPpme
sa[qereA .
Juspuadapur 15931 8 AN, ‘Ppow [oqe] Suurem L Sunyes paqjonuo: usisap o syuedonre, [#] e 30 exeyued)
Smma i:%}. IeaUul] PazZI[eIduac) reuoniynu ‘0807 yieap] reonaypodAEy 1198 pafionuod juedpnied-usamiag 70T siuedpRIed ceel el T Y 0z0e A
sa[qeneA 1891} wrep 210> usisop
. B juedpnred-usamiaq .
juapuadapur sisk[eue Jutofuod W[eAY “S[aqe] LRIM dweu [eonayiodAy Sumps pafjonuo) “ugisop %6¥ siuedoneq 0001 [£] "Te 30 20nepIN 1202 9
SjeLIRAGNIA 105 paymads JoN pueiq ‘ponpoid jo adAL “10dar-jag e:mg_u_tmg.:_f_g
sa[qereA 159} Pqe] o WBrsop
juapuadaput |0 Aoumym-uuey uonewLIoju [euonLinu [eonatgodAy Sumas pafonuod dpned-usomiag %S 1S spuedppaeq 082 [zel e 30 3suSag 6102 S
aperreAnN 1593 STI[EM-TeNSIIY [oqe[ 210U AYI[edF] : i
i VAONY 12qe] Supod-10[0 sy 2010 3 usop g [ic] e
%MWMM%%M [RLIOJORJ-OM], oyjex) ‘[aqe[ IeW Yiea TreonaypodApy WS PILIORUO] y pd oy red-ussmiag sitedpRIed el 1051038 TUR0Y] 10T i4
sponpoid £108a3e0
SOIELIEA yoeoxdde SSOIE U0 m:mmﬁﬂ y1odai-jras ugrsap [oc]
juopuadapur ,AUO[ed 19M07],, ‘sPpnpoxd p Sumpas ppry donred sjuedoneq 9r1 B T 020T €
SlereARmA SOULIDJJIP ISIL] £1085re0-uTipIM WO seypm,J Juedonred-unpip T¢ 39 UI9)S[UL]
Burqe| ,,aLI0[Ed 19MOT,,
so[quiies dum:wm.«_ﬂw‘wu Apmg 110da1-§[as ‘10> ugisap 002 7 Apmag
juapuadapur TuolsjI0g s[aqe[ Sururem g1 [eonomodAL Sunas pafjonuod Juedpyred-ungim %00T sjuedpnreg 009 1 Aprig [67] 'Te 12 sakoy 6102 4
deLIRANNIAL \
o VAONY L Apmig
hadly iy Topouwt [2qe] 2100S-LNN ‘[oqe] Sseusin. Qunos plo ugisap - suedone 871
Dooanm dULIIP 1SIL] W81 oygen ordnmyy Sepmd VS PRI Juedpped-unpig %889 uedonted a1 [ 30 WRISUL 610¢ t
(s)21qeres
juapuadapuy POYRIA el (S)d[qeLies Sumag pa1g siuedppreq SUONEAIdSqQ uonedIqng
deLreAnNAL 30 uosuedwo) (219t udpuadapuy juapuadaq 10 paf[onu0) uBisaq yreasay mmﬂﬁ”mﬂ a sishpeuy joyrun 30 T2quInN (Sromny Jo xeaX Mitiad

10 djeLIeATUN)

"SaonIe PapndUr ay) Jo A30[0pOyIdIN TV 2[qeL

v xipuaddy

¥€JO 81

€9€ 'TI 'TTOT ‘1S “aviag



junowre Arep

sa[qeLTeA . Siso
Juapuadapur s, \mwxsrmm\m.\/OZ{ aurpPpms “mEm: oyjen 110dar-jjo5 Bumas pafjonuo) Jue &umﬂmw._wwwiam %55 syuedonre 9/ [99] “e 39 10qeDy 0202 61
SjeLTRATNIA ardymu ‘2109s-tyNN
sisApeue
uoperpauw %LTL b Apmg 5 Apn
sa[qereA -pajerapowr £ %L 9% 10c uﬂ pms N
: . 3. JLIe[IWey puelq dor-. 3, uSisop < ADMGo, odi 181 :€ Apnig [g9] odsefop
juspuadapur uoIsSa13a1 “s[aqe] S| gL J10daz-Jjo5 Bumas paonuOd g red-usemiag :¢ ApmSo,eg syuedonreg 168 7 Apug 3 OUTEOZIA 6107 8T
deLIeAnNIAL uorerIpour e B 7 Apmsy,8¢ €61 1 Apra i
srdnmu ‘sisAeue .1 Apmg
UOREIPAW ‘VAONY
S[Pqe[ ,221-DSIN
dw\@.:wﬁ:w ‘yey suery
sa[qereA 501 0197 [019}$3[O 0197, WBrsop [po] weyers
Juapuadapur . *,,291j Jejsuen) ‘1eSns mof 110dar-jjo5 Bumyes pparg o %65 syuedonreg 65T o 8107 A
QRLIPAGNIA [Ppowt [euoneIpON “Jej MO, , V UILEIIA JO juedopred-unpp ° 29 9[80-128uaN
VA %SE, *,D Urueya jo
VAT %001 <, *,48] MO,
sadures
Juapuadapur
Emmuw A1oyerordxes sponpoxd oy
sa[qeLTeA & <?OZ< N JO JTeY U0 3109s-LNN - N o] e
g 2M-2UO ‘I §,U0SIEd ] ., -~ P j10dar-ypas ‘@101 g ugrsap d N [£9] 3s18arg
juspuadaput g ! 9100s-LINN W31 ds un3as pafjonuod d d- sjuedpnred €rer Se 020T 9L
159} ST[[EAM—[eSNIY] q h TeonayiodApy juedoyred-usamiag 2 uuewSey
ajereAn NN 531 90y onyyen apdnmu ‘faqey
150d [PMOLL-SoWES) UONRULIOJUT [EUOHLIINN]
(VAONV) duerrea
JO sisAeue s \PPM
WA SLI0[LD
uondALI0)) 1S9MO] 0 dATI[AX
sa[qeriea TuoLIyUOg UOHRWLIOJUT SLIO[eD)
uopuadapur ‘53593 axenbs-1yd “Woyt aHI0Ted 35S OO Bumes payjonuo, usisop 9 syuedonre [z9] sonedoz
Juppuadopur Py ST 31 aLI0[ed 350y B1y [eonatpodAn WS PAIIOAUOD o qioned teamag %ES juedoneg €69 3 UoSTEISNS 020c 43
JRLIRATNIA] ‘sisATeue uorssadax 0} 9AT}R[2I U0 RULIOJUT
Teaur] ‘3s9)-1, aLIoed “Juarpardut yoea
10§ UOT}RWLIOJUT LIO[RD)
sa[qeLIeA VAODNV doys 03y uSisap
jJuapuadapur “quaunsn(pe auwp un-01 ‘Pqe] prahy - jrodargpas 910y Bumas pajonuo) edpnred-unpin 2,568 syuedpnaeg Féeial [19] Te 3 ursyg 0207 it
SyerIeATY aneeaysiad “[2qe] oywads-justnu TeonaypodAy : ‘ugrsap o B R
HEARIMN =AML ‘[oqe[ Arewruung juedpnied-usamiag
sopqEmeA 1X9) YIIM DI EWOIYIOUOW
yuapuadapur VAONV L o M Supies pajonuo) udsep %ES suedpnied ¥5 091 510z €L
SeLeATIIA OPWOIYIOUOW X} YILM Teonayiod Ay : Juedonred-unpip © o “[e 19 Zounjuy
eLEARMIN 100D X3} INOYHIM I0[0D)
sa[qeLrea 1893 Kaxn spqe[ paseq-Ajianoe JRS. uSiso
juepuadapur 'VAONYV £em-suo TearsAyd pue — gua A Sumes pafjoruo) E&th&.ﬂ_ M %LTS syuedonieg 6 [65] T2 32 Wy 810T 48
deLIeAn[NIAL 1593 axenbs-1y > “POPOD-I0[0d “DLIDWNN] [eonoY o i
sa[qerTeA sioqey Supuiem o101
uepuadapur R paseq upipos pue reonoodiy Suras pajonuod usisap %99 spuedpnred 66T [85] “Te 0 unpey 6102 I
SjeLIRAN N me« thSTwAJU Jﬁw poajernjes \:ww 12303 ) H@hmw.uw 3 : v—hN&mUmuHﬂwml:wv\Sawm o c :
FeHRARMIN ‘re8ns pappe ‘LoD b 18
Amvu;m—ﬁm\r 3 syuednreg
juspuadapuy POUYPRI Bjed (s)a1qeLep UG praLy s suoyeAsqQ uonedIiqng
JjeLIeAR AL 0 uosuredwo) (S)219eHEA Juapuadapu juapuadag 10 pa[[oLu0) udisaq yreasay uwwmﬁ“-w_w.mw a sishreuy jojnun JO 12qUINN (S)romny JO xea) PPV

10 djeLIRATUN)

Ju0) "LV 91qeL

¥€Jo 61

€9€ 'TI 'TTOT ‘1S “aviag



“A[Teyuoziioy pajuasaxd st appnre yoes £q pasn yoeordde [esr3ojopoyiow oy a[Tym AJ[edTI9A UMOYS ST S[dTIe PIPNIIUT Ydey 2JON

:MEMMMM>E stsAeue uorssar3ar [2qe[ atIoed 0} jusreamba uondumsuod SUmIS PATIOHUO ugrsap ”\...m..ow € Mv-ﬂzm suedpnie, we:e Mvwzm -
Uop! pul PajeIdPOIA Ayranoe reorsAy g “1odar-yog 1Hos paflonuo) juedpnred-usamag \cm.m : >~u 1S uedpnied ¥rL HN \Aﬁ 1S 11e 3o uif 0202 0
SjelIeARMA y o %C'1S ‘T ApMIS €CL ‘T APMS
:NBMMMMAQE Bunsa) SBizen 10das-gos ‘a2t0y> Bumes payjonuo, usisop %L 1L T ApMIS syuedonre 2z T Apms ‘e 39 Lme|
WEWG::WZ uonRIPA “VAONY ‘suoodseay 1edng TeonaypodAEy 98 payontoy juedpnred-usamiag %899 :T Apmig uedbRIed 00z :T Apmig [p2] ‘132 rney Teoe 6C
soiqEmEA 2oud quaungean-axd
u:,m_u:wmm_u:_ ‘[Ppour 1180] PaXI ‘2L umOIq yodaz-yjas @10y Bumas pafjonuo) usap %T79 syueddnre il [£2] e 30 Suex 1202 T4
SjerreAnN : b Jo uonodoad ayy “faqe| eonaypodAy : juedppred-unpipm o 1L
FELEARININ U0qIed-MOJ “[9qe] YI[eaH
[ppow 130}
sa[qerIeA PaXIUL “POLgaW
juspuadapur UOREIOL XEUOL] 2oud ‘pueiq ‘peaiq 310da1-j19 Bumas pajoxyuo, usisop 9 sjuedonre, [cz] 1232
P put pue PooyI[ay I j0 2d 4y “Bururem umrpog IS SUOS PaIl D yuedpnred-unpipn ToEL h phRaed 867 seany-seloy 0z0e L
RRLRARMN wnwixew ‘sasAfeue ’ : o o o
ucuum.w A10yerordxg
sa[qeLrea [opow [oquuis uSiso
juapuadapur uo1S591321 dYSIF0] 181 oygen ‘Suner 1eys j10da1-jj95 Sumyas ppary it m‘ P %6'€S syuedonieg G/9 [g€] Te 30 uooy 10T 9z
deLIeAnNIAL yi[eay “Suner suownN juedpRIed-UsIMIag
s[aqe] yoeqpasy
Auur-[ear Yirm drureup
BJUI PIPUSILIOIAI
Sd[qeLIRA Aqrep a8ejuadrad
b uorssa13ax g d J10das-jjas g uSisop g .
juapuadapur ORI 1811 pue Surases 1o osepin, utas proLy Juedpnied-uomog %L syuedonieg o4 [¢1] "Te 30 urys 0202 ST
deLIeANNIAL P ISt 1eJ [€10] pUE “JB) PajeInies & B
“wnrpos ‘redns ‘arrored
‘syuareamba Ajranoe
rearsAyd ‘a100s-tmNg
sa[qerrea [Ppow xeaur| waysAs i uSiso
juapuadapur pozifessuag oljex ‘WIe[ UOHINPAI jrodar-jpag Sumas parjonuod E&a:h&wd m %95 spuedppae] 959 [1£] 'Te 30 00X £102 ¥C
deLIRATNIA “VAONV 1e8ns “onpoxd Lireq B Rt
sa[qereA 159 swjsAs Sururem WSrsop o6b Z odureg g/z 7 ardureg
%Mmmw%wﬁ SAPLVAONY  Snoue w_\“ﬂmwwmﬁm HodeiIs USSPy udnred-uoomiog o8 L olduies swedpnseg g1¢ 1 afduwes [0zl 3o eutry stoe £
srqerrea VYAODNV
juapuadapur uersadeg \<WOZ<2 2100s-LNN odar-jpag Bumos payjonuod %E€9 sjuedpnaeg <6l [69] e 39 proayjoq 120c w
d)eLIRATUN 59} arenbs-y
I[qerieA _\_O:GELOwC_ [euonrnu :.w
uﬂwﬁ:wmmﬁ—\: L0 pue s[aqe| pooj \A;«—Nwﬂ 010> w:—:wm paonuo) 1sop %L 9 m«:mQMUzhﬂﬂH 0g Hwou 120T 1T
syeueanty 1091100 JO aTeyS J0 oupUOdSaLIOS reonayodApy : Juedonred-ungip o B e 1o wonsaSe]
sa[qerTeA [°9°1
Juapuadapur suotssaidor uoneuLojut [euoptynu aseyin, Suipas par usisop 9 sjuedon.re, 129]
5 mmm AL Mv : PIDUSIIIP-ISIT pue quareamba £jranoe wand oS PIPH yuedpnred-unpp 7699 phaed 901 Te 30 URJSPYUL] Teoe 0c
JRLTRARNIA [ea1sAyd “d1oypd ranyesy
Amvu;m—ﬁm\r 3 sjuedpnaeg
juapuadapuy POYRI Brea (s)21qeHes umag PRt . suoneA1dSqO uonedr[qng
JjeLIeAR AL 0 uosuredwo) (S)219eHEA Juapuadapu juapuadag 10 pa[[oLu0) udisaq yreasay uwwmﬁﬂw.mw a sishreuy jojnun JO 12qUINN (S)romny JO xea) PPV

10 djeLIRATUN)

Ju0) "LV 91qeL

¥€30 0T

€9€ 'TI 'TTOT ‘1S “aviag



[oqe[ oyads-justinu

op8urs ‘[pqe] oyads-JusLINU papeis) oneIg pazirensiq [9] odse[ap 2 ouredzipy 610C 81
[oqe[ dywads-justynu a[3uig ones pazieydiq [$9] weyers 33 9]80-1e3us |y 810¢C L1
19qe[ Areurwuns
popes8 aqe] sypads-umnu papein onels pazIfeNsiq [£9] 351801 73 uuewSey 020C 91
29[ oyads-justinu a8ejusdrad
Qe[ SyadsjusIINU papeis) oneig pazirensiq [c9] soreqaz 2 uosyeisno 020T a1
oge’ QUIQUIOD “[aqge] diads-justinu
! nmmﬂa%qﬁmm %ﬁ,wmmm Rmf% aApdRIAU] paziensiq [19] "Te 30 ursyg 020T Pl
aqer oyads-juarinu papeid
ﬁﬂ uf.w.m%-ﬁeh.:: %ﬂmmaw . oneig paziensiq [09] T 30 ZOUmuUYy G10T €1
[9qe[ dyads-jusLynu papero onels paziey8iq [66] "Te 30 wry 810C 4
[oqe[ dywads-justynu a[3uig [eorsAyq [8¢] Te 30 unyey 610C L
[9qe] Arewuns a[3urg [eorsAyq [£6] e 30 wAA 10T 01
[9qe[ dypads-jusLnu papers [e1sAy [9¢] "Te 3 ewr] 610C 6
s[aqe oyads-jusrynu
a[3urs ‘[oqe| oywads-juarynu paperd oneIs pazieydiq [s¢] "Te 39 ez 020T 3
‘19qe[ dyads-juarnnu 93ejusdIa J
[9qe] dyads-justynu s[3uig onels poziey8iq [#S] Te 30 exejuEd[Y 020T L
[°qe] dyads-jusLnu papers onels pozieysiq [£€] "Te 39 danepIIN 20T 9
[2qe[ Arewrwuns o[3urg dATIORIIU] paziedi(q [26] ‘Te 39 3s18a1g 610C g
9qe[ PAUIqUIOD ‘[dqe[ ATewuns
EMQM mﬁ%@ﬁ.%ﬁuwmm-w%bz: papein) Teatshud (1] 1 32 10310358003 v10c 4
12qe[ dyads-juatnnu a8urg SATIORIDIU] paziendiq [0g] ‘Te 32 ureays[auL] 0202 ¢
2qe[ dyads-juarnnu a8urg JCRIGIAVE [6%] Te 10 sakay 6102 z
[2qe[ Arewrwuns .
popei8 ‘oqe] dyads-jUPHINU papes) dapdRIAU] pozieysiq [8%] Te 30 ureys ULy 610C 3
[2qeT poog JO4 Jo 24y, pajqeug-ABojoupaL 129¥1 Pood (syroyny uonesT[qny Jo 1eag apHIY

10 “aAIdRIdIU] D1jR}S

dO4 pazIeNsiq 10 [edrshyg

*S9PIIIE PAPN[IUT UT Pasn s[aqe] pooj adesped jo Juol] *7v d[qeL

yeJo1e

€9€ 'TI 'TTOT ‘1S “aviag



“MOI }se] U3 Ut pajuasaid st pasn s[aqe] a3exded jo yuoxy oy Surpredar UoreULIOJuT S[TYM AJ[EDTII9A UMOUS ST S[dTIe PIPNIIUT Ydey 2JON

[9qe[ dypads-jusLinu papers [ea1sAy g [62] "Te 3o uif 020T 0¢g
[oqe[ dyads-jusLnu papers oneIs pozieisiq [7£] Te 30 Tmey 120T 6C
[oqe[ Arewrums d[3urg onelg paziresiq [e£] 'Te 3@ Suex 1202 8T
[9qe] dyads-justynu o[3uig oneIs pozIfeysi [2£] Te 10 seary-seloy 020C Yid
[oqe Arewwns paper (e Ay [e€] Te 10 uOPY 810C 9z
[2qe[ dyads-juatnnu . .
popei8 [oqe] Areununs popein) paqeue-£3ojouydar pazirendiq 1] e unys 0c0T sc
[2qe] dywads-justnnu paper oneis pazirensiq [12] 'Te 30 00K £102 i
soqe[ oyads-juatinu
a18urs ‘e dypads-juatynu papeis onels paziensia [0£] ‘Te 30 ewiry 8102 €e
‘1oqe[ dyads-juarnnu a3eyusdIa |
[oqe[ Arewwns paper oneis pozIeysiq [69] "Te 30 pr0AY[O] 20T w
[2qe[ Arewrwns o[3urg onels pazirey8iq [89] 'Te 10 wensiode] 120C 12
[Pqel Uwﬁuwﬂwuaﬂoius_.ﬁ SATIORIIU 9Z11e1S1 ‘Te 3o UuIajs[ayur,
papess ‘[aqe] sypadsustnu ayfurg noeIo pazieNsia [£9] e 30 ureIs[E UL 1202 0z
[2qe[ dyads-juatnnu
a3ejuaoiad ‘[aqey Arewrwuns onels paziedi(q [99] ‘Te 19 10qeD 0202 61
papeid ‘[aqe ogywads-jusLynu papern)
[3qeT pooq JO4J Jo 2dA], pajqeug-A8ofouyaL [°q¥71 pood (s)Ioymy uonedI[qnJ Jo 1eax APy

10 “dAT)ORIU] DRI

dO4 pazIeNsiq 10 [edrshyg

JU0D TV 91qEL

yejoe

€9€ 'TI 'TTOT ‘1S “aviag



‘Bunyer ayy uo joeduwr 3saySTy a1} pey SJOqUIAS 11831 YIIM J[}J0q I9JeM ) Jey)
pue ‘12pI0 ey ut joedwr jsayS1y s} pey sweu puelq pue ‘swrep ‘onpoid jo ad4y ayy yeyy moys symsax ay, 1oyem dey
03 paredurod sem jonpoid aip) Ajeay) Mol el 0} PAJONIISUT pue “[OqUIAS J1edl B pey UOHIPUODd ISULIO) a1} ut sponpoxd
31} JO SUO SISYM S[}}0] Id}eM JO SpURIq UNSIXa IN0J 10J pajuasard UONTPUOd [aqe] [OqUIAS 1131 OU () Pue UonTpuod
29[ [oquuAs 3reay e (e) ur paudisse arom spuedonred Taje sem onpoid ayy Ayfeay Moy dje1 0} payse pue ‘(uwrep
oyads “wrepd [eIoUsS “Wred Ou) WIed pue “(S}Ieal 991U} I0 ‘}Iedy] SUO ‘SI[OID [ENNIU JIIN}) SWEU pueId ‘(9)L[0d0Dd pue
4amBoL “yurrp 350s) syonpoid jo sadA} Jo suoneUTqUIOd JUSIDJJIP YIm s}onpord aAnY pim pajussard arom syuedoire g

[€] Te 30 danepyIA

120¢

*synsaz re[ruars paonpoid [aqey ou pue suofe s[pqe[ 10Yd AY3[eay Jeyj} pue ‘sjnsax Ie[ruis paonpoid s[pqey paurquiod
“soo10d Ajreay pasoxdwr AySI[s [oqe] UOHLWIOJUT [eUOHLIINU Y} Jey) MOYS sjnsa1 o[, ‘suondo yjoq uo s[aqef
uonewLIojur [euoniynu pue suondo 1aryjreay uo pajussard arom sppqef a10yd Ayiesr] onpoid jsanyiresy ayj 309[9s
0} pajonysur pue pooy jo sired pajussard axom Aayj ‘UOKIPUOD [dqef Ou (P) PuE ‘[9e[ UOIRULIOJUT [eUOTLINU (D) ‘[dqe]
2010U> AY3[eay (q) ‘[oqe[ UOJPWLIOJUT [PUOHLINU PUe D10 AUj[eat paurquiod () 0 paudisse Ajwopuer arom sjuedionre

[z<] e 30 3sudarg

610¢

*SUOTJIPUOD JA}0 0} paredurod spooj 1amyieay pajda[as sfqe| y3oq 03 pasodxe syuedonred
JeY} MOUS S}Nsal AU, 's[aqe[ ou (p) pue ‘Juasaxd Jy3Iy oyyer; pue juasqe syrew yireay () ‘quasqe Y81y doyyen pue
Juasaxd srewr yyreay (q) ‘yussaxd spaqer Y31 oyyen) pue saew yjeay () e 03 paudisse Afuopuer arom sjuedonre

[16] ‘Te 39 193103 3TUR0Y]

¥10¢

“1933] 9Y) Ul paseypind SLIO[ED UT 9SLaIddP B JO 9DUSPIAS OU pue “Sur[aqe] A108a3ed -sso1de
PUE -UIYJIM UT SIOUDIRJJIP OU “[dqe] Ou 0} paredwod spooy pafaqe| jo aseypind paseamour Surjpqey A108a3ed-uryim jeyy
MOUYS SJ[NSAI Y[, "'SUOHIPUOD S[aqe[ POOJ JOJ OU (d) I0 ‘SPO0J [[€ JO %07 U0 [9qe] ,d1I0[ed 1m0, (q) ‘A108a3ed 3onpoxd
' UIY}IM SPOOJ JO 9,07 UO [9qe[ ,,9LI0[ed ToMOT,, () 0} pasodxe arom pue sa10)s A190013 aurfuo je paddoys srowmsuo))

[0g] Te 10 uraysy ULy

020c

"sSumer [[e uo 109359 193ea1d B YIIm pajerosse sem [aqef uSts dojs ayy Jey; moys synsar oy, Apms snoraard
3} S JUSWAINSELIW JUIES AU} Pasn pue ‘Apnys snoradid e ur sfpqe] SuTurem a1y U} U0 Paseq aIoM UDIYM S[oqe] Sururem
0M] JO N0 JUO JO9[3S 0} pajonysur arom sjuedpnred maN :g Apmig -aseyomd papusiur AJrpowr 03 AJ[Iqe pue ‘91008
aseypmd papudIuL ‘UOHEZI[ENSIA 19Jed1S YIIM PIIRIDOSSE dIOM S[OqR] JOUNSIP JAT JeU} MOYS S)NSII dY ], "UOTJRULIOJUT
reoryder8owap-omwos pue ‘aseyoind 03 pusjur Ajrpowr 03 Aj1[Iqe ‘a100s aseypind puajur ‘Surpuelsiapun ‘ANIqIsIA er
0} pay[se pue s[aqe[ SUTuIeM JUSIdJIP UM s1nS04 GT JO N0 g Usam)aq JO9[3s 0} paponmsul a1om sjuedonae ] ;1 Apnig

[6%] Te 10 sakay

610C

‘[oqer ou pue spqef 181 douyen afdnmnu
uey) 19YSIY UOT}O9[as 9100S-LIINN 9SLIdAL PISEIIdUT [9e] 2I00S-LINN] U} ‘JSLIIUO0D U] "S[ae] UdIMII( DUIIJIP OU
yim sponpord Agipeay jo aseypind sy paseadur sjpqe] Y1od 1ey} MOYs S)Nsal d ], ‘SUONTPU0D S[aqe] pooj JO.f Ou () 10
‘sTaqe] 2100s-LINN (q) ‘spaqe IYSI] dyyen aydn A () 03 pasodxe arom pue sa103s A195013 aurfuo je paddoys srownsuo))

[87] 'Te 39 ure3sp U]

610C

sSurpuiy

(syroymy

uonedIqNJ Jo Ieax apPIIY

*S9OIIIE PIPN[OUT WO SSUTPUT] "€V d[qeL

¥€Jo €T

€9€ 'TI 'TTOT ‘1S “aviag



"Pa3103[as SILIO[LD TOMIJ 0} “JSe3] 0} JSOUWI WOI) PI[ [9qe[ dLIdWNU pue
“[9qe[ pap0d-10[0d ‘[aqe] paseq-Ajianoe [earsAyd ayy 03 pasodxs Sureq syuedonred jeyy moys synsar ay, ‘suondo xis pey
1080380 Yora o8rI0A0q PUR ‘SIPIS /NORUS YDIMPUES /I9SING SUO 3SO0UD 0} PAJINIISUL 919M AU} ‘UOHTPUOD [dqe[ SLIO[ed
SLRWNU (2) 10 “UOKIPU0d paseq-Ajianoe [edrsAyd (q) “UonIpuod [9qe] SLI0[ed PIPOd-I0[0D () 03 pajedo[e a1om sjuedidnie]

[6€] T 30 wny

“UOTJTPUO0D [aqe] ou oy} ut sjueddrred wety) JUSIIINU U0 JSEI] Je UT dATSSIXD 1M Jey]} sponpord 1omay pajda[as
UOIPUO0d [aqe] Sururem ayj 03 pajedorre sjuedonred jey; Moys s3nsa1 sy ], ‘dWNsuod 03 I PINom A3} YOrUS & }09[os
0} PIJONISUI 2IoM pue ‘snuead pue ‘Sary00d “IadeId ‘Teq [ea1ad Iolej[e ‘JImiy) sa1108a3ed pPooJ XIS Uo paseq syonpord
Soeus 6T 03 pasodxa arem Aatj) ‘UonTPUOd [aqe OU (q) IO UOYIPUOD [dqe] Juturem (&) 0} pajedo[e arom syuedonre g

[8¢] Te 30 unpe

*SUOTIIPUOD A}
SSoIO® TeruIs a1om sdnos pue sayprmpues jo saseypmd S[ym “edussqe s)1 03 paredurod uonrpuod 0801 Ay ur PYSSTy d1om
S3[es S)INIY Jey) MOYS S)NSAIL A} “TOAIMOL] "SIDIOYD Pooy dwpydun| saakojduws 109jye AJuedyIusis j0u pIp UOHUI AL
A [, "paInseaws a1oMm ‘030[ 3} pasn A} IDYIdYM PUe ‘UOTUIUT ‘Aded1o-J[as ‘sopmmye Surpredar syrodar-jas sera)ayed
ayy 1eau savkorduwrs pue saseydind s1ownsuo)) sowr 321y} pajeadar a1om SI[AD) SH9IM a1} SunISe[ UK IPUOd
oed ‘[aqe ay3 noyim porrad uonuaazaunsod () pue ‘symiy ysaxy pue ‘sdnos ‘saydrmpues uo 080y sadtoy)) (q) ‘030f
SIOI0UD) OU M UOHTPUOD dUI[aseq (&) JO SY2aM dUIU JO SI[OAD 10J pasodxo a1om serraajed JUaIafjIp Gg Ul SIWNSU0D)

[£6] Te 10 WAA

“IOTYI[eAY St pajel ‘93eIoAL UO SeM puelq JeI[TWe]  pue Wa)sAs
131 ohyeI} oY) YIm 3mIo4 oy, ‘pueiq pue ‘waysAs 31 oyyen) ponpoixd Airep jo ad£) sy a19m “4seI] 03 Js0W WOy
‘s@umer uo joedur sAne[RI Ay SMOYS J[nsax Ay, ‘sem onpoid ayy Ayjreay) Moy ajer 03 pajonIsul pue ‘aur e je pnpoid
QU0 pojusaId a1oMm (UMOUUN "SA UMOW-[[9M) PURI] PUe ‘(OU "SA S9A) WoIsAS JYSI] dyyer) ‘([T PIaIOAR[J-23e[0D0D
pue ‘9s3ad 4an304) syonpord A1rep jo suoreUIqUIOD JUSISHIP YIMm sponpoxd poog yiim pajussaid a1om syueddnre g

[9¢] Te 30 ewr]

"S[oqe[ Sunrem uey) ssaUNIeay Jo sduner IySny Yjm pajernosse
a19M Spumoure AJrep surPpIme) ‘sasuodsar ISTYI[eal YiIm PajeI0SSe d19M “I9PIO Jeyj) UT JSea] 0} JSOUI “WOoIj S[qe] junoure
Aqrep aurepms$ pue ‘Teyruew yoeq “Uo8e;do Yoe[q ‘O[SueLy Mor[q ‘O[ID PaI JYSI-OyFer) Jey) MOYS S}NSAI [, 'SeM
jonpoid ayy Ayreay moy ayex 03 pajonmsut arom sjuedpnred ‘“reje] Jonpord Ayjreayun oy pPajodes JreY IO Y} AIYM
jonpoxd Ayjreay oy Jo9[as 03 pajonmsur arom syuedonred ayy jo jrep Ar08a3ed jonpord pue [oqey JusIaIp t Suraey yoea
syonpoid a1y YIm pajuasard a1om pue “UonTpuod [aqe] uode3do ydelq (8) pue ‘[duern yoe[q (J) “O[I pai (3) ‘Ieyrudewr
paz (p) “reyrudews speyq (9) “waysAs WSI-ouFen (q) yunowe A[rep aurepms (e) Ia3e 0} pajedof[e a1om syuedonre ]

[g¢] ‘e 3@ ezrppQ

“UOTIPU0 [aqe[-ou Ay} 0} paredwod uondaas onpoid paseanur yoq ySnoyje ‘sarrogajed 1onpoid [[e ur uondaas
1onpoid Sursearour ur so30] Y3[eat] ULy} 9AIJJd I0W dI9M SSUTLLIEM [EUOTILIINU e} MOYS S}NSAI A, *Ang 03 a1
Pnom Adyj 2uo YdTYM 09]3s 0] pajonmsul pue ‘A10393ed JUSISJJIP € WoIj yded sjonpoxd aa1y) yim pajuasard ‘uonipuod
[2qe[ ou () pue “UONHIPUOd JUTUIeM TEUOHLINU () “UORTPU0d 0307 3[eaY () I9Y}L 0} pajedof[e arom syuedoire

[¥5] Te 19 exejuedly

sSurpuiy

(syroymy

810¢ [4s

610¢ 1T

110¢ 01

610¢ 6

020z 8

020z L
uonedIqNJ Jo Ieax apPIIY

JU0D "€V 91qEL

€3O ¥C

€9€ 'TI 'TTOT ‘1S “aviag



“AyLrer[iurey puelq pue spySi[ Syje) Jo UOnIeIduL
3 djerpawr Aew JSNI} pueid Jey) pue ‘s)odjje uonderayur 2dnpoid prp siySt| dugen yiim spuelq Ierurey yey ‘spySi oygen
03 pasodxa uaym sduner aseydind jo 90139p 10yS1y © MOYS SATPNIS 3SAY) JO SINSII A [, [DPOW UOTIRIPIW-UOL LI PO
© pawrioyiad pue spooj JUaIdJJIp pasn ‘g Apnys se ampaooid awres s} pasn) F Apnigsario8ajed pooy JUSIdHIP pasn nq
Apnys puodas ayy se ampadoid awres ayy pasn :¢ Apnig “1onpoid ay JO SSIUNYIIOMISII} U} dJel 0} PAJONISUL IIM pue
‘[dqe[ OU pue pueiq IeT[IUrEjun (p) pue ‘[dqe[ Ou pue pueid IeIurej (d) ‘e[ pue puelq reriueyun (q) ‘[qe| 3yS1| dyjes
pue pueiq rerfruey () 19y Ul pajedofe arom sjuedpnie ;g Apmg -aseyoimd o3 azom Loy A[¥1] Moy dex 03 payse pue
4mS8o£ e pajussard a1om “UOTIPUOD [2qe] OU (q) I0 UOHIPUO0d JYSI] dnFe) ( ) Y30 Ul pajedofe amom sjuedonied ;T Apmg

“uoryuaur aseypind peousnyjur , A3sey,, 9NI[ s[eqe[ arym suondaoiad jonpord pasusnijur ,USIPIIYD 10§ [NYITEY],
Se yons S[aqey Jey) MOYS S[POW UOHBIPAUW U0 paseq S}nsax ay], “pajuasaid Suraq adessows ayj Jo SSaUMIYINL ayj pue
“onpoid ayj Jo ssaunyyireay ay “oraeyaq aseydind umo 1Py} uo sagessau yons jo aduanfyur ayj ‘ponpoid ayy aseyomd
0} a1om A AToNI] MOY] eI 03 pajoNIsul ‘sppqef Yirm syonpord pooy a[qissod 1moj jo om) 0} pasodxe arom syuedonre

"SUOTIIPUOD IO UT sjuapuodsal uey) [9qef 2100s-LynN a4} 0} pasodxa syuedonred 1oy
I9YS1Y sem sad10YD 3021100 Jo uorrodord ayy yeyy moys synsaz ay ], ‘uondo 3sanyieay ayy 19979s 03 paonysur pue syonpord
om} ypm pajuasard arom £ayy ‘uonpuod [aqef ou (3) pue ‘uonpuod spnpoid Jo Jiey uo a109s-LnN (p) “UOIPUOd
2100s-11ynN (9) “UonTPUod JYS1[ dyFes S[dynu (q) “UORIPUOd UOIPULIOFUT [RUOTLINU (€) 0} Pajedo[[e a1om sjuedonre]

"UOhIPUOd [9ge[ OU pue [9qe|
SLIOTED AU} UMD SIOUSIDJJIP JULIIUSIS OU 919M dIDY], "[9qe] OU YIIM 9SO} UeY) SILIOTED PaJOd[as ToMdf Pey s[aqe|
aLI0[Ed dATIE[aI 0} pasodxa syuedonred jey) mMoys s3Nsar A, "YDIIMPULS dATION e SUT)ONIISUOD J0J I P[NOM AU} SWI)T
UDTUM 10979 0} PAJONIISUT 919M A3V} ‘UOTTPUOD [dqe] OU (P) PUE ‘WS SLIOTED }S9MO] 0} dAT}R[AI UOT}RULIOJUT SLIO0TED (D)
“UIdYT ATIOTED 3SAYST 03 ATIL[I UOTFRULIOJUT SLIOTED (q) “UOTITPUOD UOT}EULIOJUT SLIOTED (') 03 Pajedo[e a1om spredonieg

‘S[oqe] dyads-JuaLnu 10§ J0U Jnq S[Aqe]
pragdy 10 Areurwms 0y pasodxa syuedonred 105 Jurensuod W) OU UL} SIIIOYD ISTYI[ESY SSI 03 PI] JUTRIISUOD SWT) Y],
‘Sfoqe[ ogyads-justynu 0} pasodxe 9SO} ULy} SIdIOUD ISTI[edY dpew s[aqe] PrqAY 1o Arewrumns o3 pasodxe syuedonred
Ay} 1L} MOYS S}nsax 3y ], ‘ATrurey 1oy} 10§ sonpoid 3Sanyi[eay XIs 3} 199[3S 0} PAINISUT JIDM PUE ‘SJUTEIISUOD WL} YONS
moyym aram 10 Surddoys 105 urw ()T JO JUTENSUOD dWT € IYYL pey sjuedpnred UonTpUod [2qe] Ou (P) I0 “UOHIPUOd
[oqe[ prIgAy (9) ‘uonrpuod [aqe[ dywads-justinu (q) “UonIpuod [aqe] Arewrwns () 0} pajedojfe aam syuedionre

‘s@uryer jjes
MO[ 10§ JOu Jnq sSunel Jej-MO[ 10§ S[2qe[ JHLWOIIOUOW UL} PIPO-I0[0d JuLnp 12y sem sasuodsar J0a110d
jo a3ejuadrad ayy Jeyy MOYS S)NSAI AL, JUSIUOD J[es 3saMO] pey 3onpoid yorym AJisse[d pue jej-mo[ 219Mm S[aqe] 914} JO
UDIYM 9JedIPUI 0} PI3SE dI9M PUE (FUIIUOD JUSLIFNU JAISSIIXD UO ‘WNIPIW [[€) SFUDLIIIIU SSIIXI JO IOqUINU € pue (X3} ou
10 3X9} £I0[0D OU 10 1070d) [aqe] JO ad43 ayj Jo uoneUIqUIOd € Yiim spnpoid 991y JO Satas e 03 pasodxa arom syuedonre ]

sSurpuiy

[g9] ooseoA 29 ouredzIp 610C 8L
[#9]
wreyern) 2 9[30-1PSUaN 810¢ s
[c9] 3s13015 23 UURWSeY 020T 91
[29] sofTeqaz 13 uosyeisno 020T gt
[19] ‘e 30 uressyg 0202 jia
[09] e 30 Zoumuy S10T €L
(s)royny uonedrqnJ Jo Ieax [Py

JU0D "€V 91qEL

¥€J0 5T

€9€ 'TI 'TTOT ‘1S “aviag



“I9PIO Jel) UT }SLd] 0} JSOW WOIJ WISAS
1431 dyyex) pue “wre uononpail redns ‘adAy onpoid Aq paousnpyur arom syuedonred jeyy moys synsaz oy, yonpoid ayy
I PINom A3y} YoNUr MOY] d)eI 0} PAJINIISUT Pue wrj e Je auo spnpoid ayy yym pajussaid {(jussqe 10 jussard) wayshs
317 ogyen (o) pue ‘(Jussqe 10 Jussard) wre uonONPaI 1e3ns (q) “(3IASSIP M[IUL B[[IULA PUE [T PIIOAR[J-d}L[ODOYD
1an30o4) sponpoid Airep (e) Jo SUOIRUIqUIOD JUSISJIP YIIM s}onpoid A1OY [e19A3S 0 pasodxa a1om sjuedrre g

[1£] Te 3@ 00X

L10T

4

"SS9 UDIP[IYD
poduLN[yuI S[aqe] U} A[IYM “S[qe[ Jo30 uey) sdurer uo peduwr axouwr pey s[pde] SUILIEM pUe ‘S9100S SSaUNJUI[edY]
IOUSTY YJIM PIJRIDOSSE Sem WdISAS junowre A[rep auropms ayy ‘syuared o} uo paseq "waisAs A[rep aurepms ay ur ueyy
“UOnIPU0d swalsAs Sururem pue 1y ogyen oy ur sjuedonred 105 I9MO] 919M SSIUTNIUIEIY JO SSUTILI JeY) MOYS S)NSaI
Ay, "s1onpoid Yons awmnsuod L3y} Uajjo Moy pue sem jonpoxd ay) Aj[eay Moy 9jel 0} PajONISur pue ‘SUOTIPUOD Wd)SAS
Sururem (9) 10 ‘suraysAs 131 oygen (q) ‘syunowre Afrep aurEpmS () 03 pajedofe arom (UIp[y pue sjyuared) sjuedonre

[0£] Te 30 ey

810¢

€¢C

‘sdnoig oy
U29M)9q JDJJIpP Jou pIp uonuaiur aseypind pue ‘ssaunse) jo suner ‘readde jo sGuner syuedonred ay jeyy moys synsax
oy, 1onpoxd ayy aseyoind o3 axem Loy A1 moy pue ‘paxoo] onpoid ayy A1sey moy ‘paxoof yonpoid ayy Surpeadde
MOY dyel 0} PIIILIISUL dI9M AU} “UOHIPUOD [dqe] OU (¢) 10 UORIPUOD 100S-LunN] () IY}S Ul pajedof[e a1om sjuedonie ]

[69] ‘e 30 proadjoq

120T

[44

*9dUapu0dsarIod-uou sem
a1y} uaym uonrpdo 1a1iTeay Ay 399as 03 panunuod syuedonred jo payj-auo Afejewnxorddy -aouspuodsariod e sem arayy
uaym uondo ramypireay oy asoyd syuedonred ayj Jo spangi-omy Aprewrxordde jey) moys symsaz oy, 1onpoid enyreay
a1} 199[3S 0} PAJONIISUT PUE “UOTJLULIOJUT [RUOHLIINU dA10adsar 1oy} yjtm spnpord pooy omy yjm pajuasard ‘suonrpuod
19qe] ou (p) pue ‘sponpoid yroq uo spage] pooy Ayireay (d) ‘sfpqef pooj Ayjesy usamiaq duspuodsariod-uou (q)
‘S[aqe] UOTJRULIOJUT [EUOT)LIINU Pue S[aqe] Pooy AUj[eay usamlaq aduapuodsarrod (e) 0} pasodxa arom sjuedonreg

[89] ‘Te 30 wensiSey

1c0c

1c

‘saseypind pooy Ajjeay ur asearout
193ea13 © 0] PRSI J0U PIP syusTeambs Ajranoe [eorsAyd yjrm paurquiod s[age[ 9010y ITY3 ey 4seruod uy spnpord
paraqef jo saseypmd paseaIdur SadIoYD ISTYIeaY] Jey} MOYS S}NsaI oY, -Juads re[jop 1od SaLIo[ed pue ‘jej pajeinjes
“wnipos ‘Tedns ‘sa10ds-LinN aderoae payySrom ‘9Tz xapuy Afeng) aseydin,J A190015) ‘SILIOTed [e)0} JALIDP 0} pasn pue
PapI0a1 219M Saseydnd Iy} AIYM UOHTPUOD [9qe] OU (9) pue “UonIpuod sfpqe| juareamba Ajranoe [esrsAyd pue ad1oyd
IaT3eaY (q) “UOTIPUOd [aqe] IO IATI[edY (k) 03 pasodxa axom pue a103s 190013 suruo ue je paddoys sowmsuo))

[£9] 'Te 10 urAIS[ UL

10T

0¢

“19piI0 Jey) ur Aouanbaiy uondumsuod pue ssaumnyyireay jo sguner mof 03 Y3y paonpord uonrpuod
sjunowe A[rep aurppms pue ‘spySi| dyyes s[dnnu ‘0100s-L1N N Jey} MOys synsax 3y, ‘spnpord yons pawnsuod
Koy uayyo moy pue st Jonpoid ayy Ayjreay moy ajer oy pajonysut ‘spnpoid pooy pajussard UoKIPUOd [qe[ Sjunoure
A[rep aurepms (o) pue ‘UonIpuod 2100s-1HNN] (q) ‘SuonTpuod Y31y doyjesy sydnmur () 03 pajedof[e arom sjuednie ]

[99] Te 3@ 10qeD

020T

61

sSurpuiy

(syroymy uonedIqNJ Jo Ieax apPIIY

JU0D "€V 91qEL

¥€309C

€9€ 'TI 'TTOT ‘1S “aviag



‘ssaurieay jo sduner ssduanyjur uonsodwod jusarpardur pue ‘A108a1ed pooy Aq pajoeduur
os[e are suoodsea) redns Jo s109y0 Ay “‘uonIppe Uy ‘sppqef 181 duyen 03 pasodxe syuedpnred ueyy spooy Ayireay
jo suonrodoxd 1ey3ry e ‘08eraAre uo ‘Osoyd s[aqe] uoodsea) re3ns 03 pasodxa syuedodire] “UOTII[IS POOJ ISIYH[LIY UL

9SBAIDUL [[EWIS B PRy S[9de[ ey} MOYS SIIpnjs asay ], 1onpoid ayj JO SSaUT3[eay 9y} JO 99139p pue “UOT}eWLIOJUT JUSTPAISUT

‘S[oqe] 10§ ddudIdjaId Iy} 9jeI 0} PaONISur a1om sjuedonre] “umoys arom Aoidurs Jo saa139p JUIHIP YPIm
syonpoid a1y} JO SJusTPaI3Ur Y} “UOTIS[AS A} 1)y Anq 03 oI p[nom Ao jey) sjonpoid 2911} JO SUO J09[9S 0} PAJONIISUT
a1om A9 ‘UOIPUOD [aqe] OU (J) 10 “UOTIPU0D [aqe] suoodses) 1edns (q) “UonTpuod [oqe] JYSI] dyger) (B) DY} Ul pajedo[e

arom syuedonae] iz Apnig -eouerejard oY) s}09[jo1 3594 Je) 1onpoid ayy J09[as 03 PajONISUT dIOM pue S[aqe] JYII]
oyyen; usaId 10 pai (q) pue sppgef suoodsea) 1e3ns XIs 10 0m) (B) YIIM SPo0J 0M) 0} pasodxa arom syuedonre 1 Apmig

[#£] ‘Te 30 tmey

120¢

6¢

*901I 9)TYM 0} uMmoiIq Jo uorprodord ayy ueyy oMO[ Ing poyouwr Suryood
ue 9010 U0 Joedwr 1oySny pey s[pqe] [[V “U0qIed-mo] IO Y[eal] Jnode swied 1x9) Joriq ueyy Aed o3 ssoudurm roySny
© )IM PIJRIDOSSE dIOM S[OQUIAS JO ULIOJ dU} UI S[Oe] UOGIEd-MO] PUE U3[e3Y Jey) MOYs sjnsax o], ojord Lo auo yomym
109[98 03 padNISuT a1aM pue ‘ad1rd (9) pue “poyawr Suryood (p) “Odur ATYM 03 umoiq jo suonodoxd (d) ‘sjpqe| UOqIEd-MO[
jo sad 4y (q) “sqef yareay jo sad4£) (e) Jo suoneuIqUIOd JUSIAHIP WM s1onpoid pooy om) 0} pasodxa arom syuedonre g

[e2] 'Te 30 Buex

10T

8¢

Jueoyrudis A[eonsnels
jou sem peaiq jo adA} a3 ySnoyye “1opIo jeyy ur jses] 03 sow woay peaid jo adA} pue ‘puerq ‘ururem wnrpos
Aq pasuanyyur a1om syuedonred jeyy moys synsar ayJ, “uondo ,spearq asay} Jo auou,, e 10 spnpoid 0m] a3 UsamMIdq
109[9s 0} pajoNIsUI pue {((ISNOOT 10 ‘S8 ‘Gz) 9o11d pue “(jussqe 10 juasaid) Sururem WNIPoOs ‘(UMOU I0 UMOUNUN) pueIq
‘(yeaym a[0yM 10 9)1yMm) peaiq Jo adA} Jo suoreurquuod JuaIdyTp Yim spnpoid jo sired 03 pasodxs a1zom syuedonre

[c£] Te 3@ seany-seloy

020c

LT

"S[qe] 1930 0} pasodxe uaym ueyp ‘saderonaq
Auyreay Apoyeropowr 105 Ayjfeay A[ojeIapout j03[as 03 A[oXI] a10w a1om Jurjer 1ejs [ireay o3 pasodxe syuedonred
e} MOYS S}Msal 3], *1onpoid sy} Jo SSaumyj[eay ) el 0} PAIINLISUT SI9M PUe UOHIPU0d 3} 0} Surpuodsariod [aqe|
AU} peY YOTYM WD) JO [[e “SSounyjjeay] Jo soardop Surhrea yjim saderanaq 9oy} Yym pajuasaid ‘uonrpuod [9qef ou (p)
‘70 ToquuAs 31y ogyex payrduis (o) “‘Suner 1eis yyeay (q) ‘[Pqe[ pooy Surer dLLwmu () 0} pajedo[e a1om syuedonre g

[e€] Te 39 uopy

810C

9

“UOTIIPUOD [9qe[ OU Y}
ur syuedpnred ayy uey) uonIpuod [age] ay ur sjuedpnIed 10J TOMO] 9IOM SIINSLIW ISYJO [[E PUE “ISYST SeM 9I00S-LHNN
o8eIaAL AU Jey) MOYS S}[NSAL Y[, Jej PAJRINes pue ‘Jej [eJ0} “WNIPOS 1e3ns ‘SaLIO[ed JO SSUIAIDS d3eIdAL pue
‘paseypind xefjop 1ad sarrofed “paseyoind redns pue sariofed (€303 “Surares 1od 2100s-1yn N 98eIaAe pajySom dALISP 0}
pasn arom saseypind ,SIOWNSU0d UOHIPUOD [dqe] POOJ OU () IO JoXseq [eNn3IIA e U sponpoid pajds[as uo paseq Yoeqpasy
SuWIT}-[eaI Y)IM S[aqe] ooy dTuwreuAp () I9Y31e 0} pasodxe arom pue a2103s 190018 suruo ue ur paddoys siowmsuo))

[sT] Te 3o uIys

020T

°14

sSurpuiy

(syroymy uonedIqNJ Jo Ieax apPIIY

JU0D "€V 91qEL

¥€Jo LT

€9€ 'TI 'TTOT ‘1S “aviag



's}nsax pue (O] J) dWodINo ‘uostreduwrod “‘Uoud AT UL
‘sjuedonred ayy Aq pazLreununs axe a[d1Ie Yoed Jo sSurpury Sy, ‘Uwnjod 3se| Ay} Ut pajuasaid are sapd1iIe ay) Jo SSUTPUTY ) AIYM “UWUN|OD ISITJ AU} UT UMOYS ST [T PapN{dUL Yoy 2joN

“UoTIPU0d ddue[ed-A319Ud JO JUdsqe 0} paredurod samjrpuadxa
A819u0 19YS1Y peY SUOHIPUOd DdUE[R]-ASIDUD JO OUdSqE PUE [9qe[ JO d0UdSaId B} UT SI9IAIP 1L} PUR ‘SINAIP-UOU 0}
paredwod s1a391p 03 92139p IAYS1Y © UT SpIoMm pajeldI-adueed A31oud 0 awr asuodsar 10935e S[aqe] YINS Je) ‘SIdNdIp-Uuou
0} paredwod s19391p 10§ 19118 dI9M S)IIJJD YONS Jey]} ‘SINAIP-UOU 0} Paredurod UOHIPUOD [[IUIPEdI} AU} Ul SILIO[ed
9IOW PaUING PUE SILIO[D 19MIJ PIINSUOD SIDUSPU) A1ejarp Y31y yym sjuedonred jey) moys sarpnjs asay [ [[ruupea
© U0 UnI pue pooy 23se} ‘sarprys snoradid 0 se A[Ie[rurs ‘pue 9duauas pIomM-Inoj e JOnisuod o3 ‘4s93 a98enduey e onpuod
0} PaJONISUL SUOHIPUOD Sk} ddue[eq-A319Ud pue [aqe] JO 9dUdsqe () 10 “se} sdue[ed-A81aus Jo aoussard pue [aqe|
Jo 2ouLdsqe (0) “ysey doureeq-A31oUD Jo dUASqe pue [aqer Jo dduasaid (q) ‘syse) sdueeq-A31ous pue [oqer Jo dussaid (e) 03
pajedofe oxom syuedonae ] ¢ Apnig [ Apnis ur se [[IUpeaI) e uo Un 0} PajoNLISul I9je] I9M PUk ‘SPIOM paje[or-aoue[eq
A31oup 3981e) ‘@dueeq A310Ud 0} PIJR[AIUN SPIOM [EINAU ‘SPIOM-UOU JO SUIISISUOD YSk) UOISDIP [ed1X3] € 93o[dwod
0} papnasut a1om “ponpoxd pooy mioue pasn ‘I Apmys ur o3 Apreqruurs pajedofre aom syuedonie ] ;g Apnig -asoyd Loy
se Ajasudiur se 10 SUO[ se 10 [[[UIPEdI) B U0 UNI 0} pue ‘sanuapua) Sunarp 1oy pue 1onpoid ayy pay[ Aoy yonuw moy
ajer Jonpord ayy swmsuod 0} payonnsur 4onpord pooy e 03 pasodxa ‘aram Ady A13uny Moy d)er 0} PARINISUT UOHIPUOD
[2qe] ou (q) 10 UonIpPUod [dqe dLIo[ed JudTeamba Arande [esrsAyd (e) 1oy 03 pajedofre arom syuedonre] ;1 Apnig

[cz] Te o urf 0202 0¢€

sSurpury (syroymy uonedIqNJ Jo Ieax apPIIY

JU0D "€V 91qEL

€30 8C €9€ 'TI 'TTOT ‘1S “aviag



Behav. Sci. 2022, 12, 363

29 of 34

Table A4. The effects of physical and digitalized FOP food labels.

Physical Digitalized
Dependent Variable
Was Affected by the Static Interactive Technology-Enabled
FOP Format
83.3%
83.3% 60% 100%
Full (6,7,12,15, 16,
(4,9,11, 26, 30) 18, 24,27, 28, 29) (1,3,14) (25)
. 16.7% 16.7% 20% o
Partial (10) a7, 22) 20) 0%
20%
No 0% 0% 0%
©®)
Total number of articles 6 12 5 1

Note. The table shows the percentage of articles that indicate that the dependent variable was under full, partial,
or no control as a function of physical, all digitalized, digitalized static, interactive, and technology-enabled FOP
food labels. Articles that contained a study that did not have an absence of FOP food label conditions were not
included in this table. The numbers in the parentheses correspond to the article number included in the review.
The total number of articles which investigated physical, digitalized static, interactive, and technology-enabled

FOP food labels are shown in the last row.
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Introduction: Unhealthy food consumption is a problem for society, companies,
and consumers. This study aims to contribute to knowledge regarding such
issues by investigating how technology-enabled healthy food labels can impact
food choice in an online grocery store context. We conceptualized unhealthy
and healthy food choice as a matter of impulsivity problems. Three technology-
enabled healthy food labels were derived based on variables that might impact
self-control, and their influence on food choice was investigated.

Methods: The empirical study consisted of three parts. In the first part,
participants’ impulsivity was measured using an adjusting delay task. Part
two investigated the effects of self-monitoring, pre-commitment, and social
comparison-based technology-enabled healthy food labels on food choice in
a hypothetical online grocery shopping setting using a choice-based conjoint
experiment. Lastly, in the third part, three where demographical questions were
asked.

Results: The results (n = 405) show that self-monitoring, pre-commitment,
and social comparison-based technology-enabled healthy food labels had the
most to least impact on food choice in that order. Furthermore, the results
indicate that self-monitoring and pre-commitment labels had more impact on
the choice for impulsive compared to non-impulsive participants. Similarly, the
results indicate that social comparison had more impact on choice for non-
impulsive participants. These findings suggest that self-monitoring of previous
healthy food choices might be more effective than pre-commitment based on
discounts for healthy food products. However, these differences were minor.

01 frontiersin.org
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Discussion: This finding has managerial implications as grocery stores might
increase their revenue by introducing self-monitoring labels in an online grocery
shopping setting. Future research should investigate these technology-enabled
healthy food labels in natural food purchase settings.

consumer behavior, technology, food labels, online grocery, delay discounting,

impulsivity

1. Introduction

Obesity is a problem worldwide. There is an increasing
number of obese individuals across age, sex, geographical location,
ethnicity, and socioeconomic status (1). There are now more
obese than underweight individuals (2). It is associated with
numerous diseases (3) and is a significant economic burden for
society (4). Furthermore, a large body of evidence suggests that
the food environment impacts obesity (5). As a result, the food
industry is now receiving pressure from governments worldwide
to decrease sales of unhealthy food products. This may lead
to stricter government policies, such as introducing nutritional
warning labels on food products if retailers, food manufacturers,
and marketers do not adapt. In addition, it may limit consumers’
product options. In contrast to this hard strategy, companies may
nudge consumers to purchase healthier options without restricting
their food choices by altering the purchase situation (6). One
proposed strategy for increasing healthier food choices is simplified
front-of-package food labels (7) that signal how healthy a food
product is. However, such labels do not always increase healthy
food purchases, although such labels do help consumers identify
which products are healthy (8, 9). Further, such labels may impact
people that are obese differently than people who are not obese (10).
Hence, identifying possibilities of new healthy food labels may be
one way to increase healthy food purchases, and this has academic,
managerial, and societal value.

Technology-enabled labels that present specific information
may help consumers to commit to healthier food options over
unhealthier food options. Specifically, they may be presented to
increase healthy food purchases. These technology-enabled healthy
food labels may provide personalized, dynamic, and real-time based
information regarding the healthfulness of products in point-of-
purchase situations (11). For instance, Shin et al. (12) investigated
the effects of dynamic displays of technology-enabled labels on
healthy food purchases in an online grocery store setting. They
found that these labels were effective in increasing healthy food
purchases. Furthermore, Fuchs et al. (13) investigated the effects
of tailored food labels on self-reported intention to use and
performance expectancy. Specifically, different scores regarding
healthy foods were given depending on gender, age, physical
activity levels, and body-mass index of participants. They found
that such labels were perceived as more helpful, relevant, and
recommendable than non-tailored healthy food labels.

One may present different technology-enabled healthy food
labels to consumers based on their behavior, and one may present
different labels for impulsive and non-impulsive consumers in an
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online grocery store context. Research shows that some behaviors
are associated with obesity (14), and one of these behavioral
predictors may be impulsivity (15). Impulsivity can be viewed
as a trans-disease, as impulsive behaviors may lead to obesity,
substance abuse, and other behavioral problems. As proposed
by Foxall (16), in the context of impulsivity, consumer behavior
may be on a continuum from routine to extreme consumer
choice. Furthermore, Foxall (17) suggests that consumer behavior
models that incorporate environmental factors may provide more
predictive power compared to models that do not take these into
consideration. Building on this, one may use choice experiments
to identify environmental variables that may increase healthy food
choice (18), and examine whether some environmental factors are
more effective for increasing healthy food choice for impulsive
and non-impulsive consumers than others. There exists some
research suggesting that the purchase of food products in an online
grocery store context results in healthier choices compared to
offline grocery stores (19). However, this effect may occur due
to delivery time, as consumers have to wait after making the
order before receiving the products. This effect may not occur if
the delivery time is made shorter if online grocers become more
effective in reducing delivery time. Hence, online grocers may
create technology-enabled healthy food labels that use variables that
increase self-control to increase healthy food purchases and provide
personalized technology-enabled healthy food labels for impulsive
and non-impulsive consumers.

There exist several knowledge gaps in the literature related
to the effects of healthy food labels. For instance, few research
articles exist on technology-enabled healthy food labels and
how they impact consumer behavior despite existing theoretical
literature on incorporating psychological variables in food labeling
(20). Furthermore, there exist studies that have investigated
how impulsivity impacts the effects of food labels on consumer
behavior (21-23). However, there is little research on this in an
online grocery store setting. Most of these studies have used
participants’ self-reported measurements of impulsivity rather than
using choice behavior. Impulsivity measured by self-reports may
produce different results than choice behavior (24). In addition,
implementing technology-enabled healthy food labels may provide
several benefits for companies, consumers, and society. For
companies, such labels may create a competitive advantage by
increasing healthy food sales, build brand equity, and generating
positive word-of-mouth that may attract new customers. For
consumers, it may increase health benefits and well-being. For
society at large, it may reduce obesity rates and the concomitant
economic burden. Hence, research regarding technology-enabled
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healthy food labels has significant societal and academic value.
This paper thus aims to contribute to the body of knowledge by
providing such research. The research questions of this study are as
follows:

Research question 1: What is the relative impact of (a)
self-monitoring-based, (b) pre-commitment-based, and (c) social
comparison-based technology-enabled healthy food labels on
choice behavior in a hypothetical grocery shopping setting?

Research question 2: How does the relative impact of these
technology-enabled healthy food labels on choice behavior differ
for impulsive and non-impulsive consumers?

The rest of the paper is structured as follows. First, a literature
review and hypotheses for this paper are provided. Second, the
methodology and results of this paper are presented. Third, findings
and discussion are given. At last, implications and further research
directions are explored.

Impulsivity may be measured by delay discounting. Delay
discounting refers to the phenomenon where the value of a reward
decreases as a function of increasing the delay to receive the reward
(25). This relationship can be expressed by the hyperbolic formula
presented in Equation 1 for delay (26):

_ A
T (1+kD)

V is the subjective value of receiving a reward, A is the objective
amount, D is the delay to receive the reward, and k is an
empirically derived free parameter that determines the steepness
of the subjective value. A higher k generates a steeper subjective
value as a function of increasing delay than does a smaller k value.
Typically, such functions are derived by asking individuals to make
choices between receiving immediate and smaller or delayed and
larger rewards, and then adjusting either the delay or amount.
Participants’ indifference points between these two options are
obtained and are used as a measure of empirical subjective value.
Equation 1 has been shown to be more predictive of how the
subjective value of a reward decreases as a function of delay than
other models (e.g., traditional discounted utility model) and may
describe preference reversals (27). Furthermore, some variables
that moderate the effect of the probability of receiving a commodity
on subjective value (probability discounting) may also be the same
as variables that moderates the impact of the delay to receive
a commodity on subjective value. However, evidence that these
two constructs are the same phenomenon is small or moderates
(28). In delay discounting, when the k-value is high, future events
are discounted more than with lower k-values. Thus, impulsivity
may be measured using k-values, as high k levels correspond
to higher levels of impulsivity, while low k levels correspond to
higher levels of non-impulsive (i.e., self-controlled) behaviors (for
measurements of impulsivity see (29)).

High discounting rates are correlated with problematic health-
related outcomes such as obesity and substance abuse (30), and
discounting rewards depend on several factors. For instance,
impulsivity may be due to genetic factors, as individuals who
discount one commodity also tend to discount other commodities.
However, it may also be influenced by current environmental
factors. For instance, which type of reward is used (31, 32),
cultural factors (33-35), and question framing (36, 37) may alter
discounting rates. As exemplified by the Ainslie-Rachlin principle
(38), there is a higher probability of choosing the immediate

Frontiers in Nutrition

10.3389/fnut.2023.1129883

and smaller reward when the time between making a choice and
receiving the reward is short. However, there is a higher probability
of choosing the delayed and larger reward when both rewards are
delayed by a constant. Using this knowledge, consumers may use
external commitment devices to commit to choices that produce
larger later rewards.

Delay and probability discounting have been used to investigate
several factors influencing consumer behavior. For instance, it has
been used to investigate the relationship between delivery fees
and delay in e-commerce (39); rebates and for high and low-
pricing products (40); online reviews and prices (41); hunger
and discounting of food and non-food commodities (42). With
regard to healthy food consumption, variables that may impact
delay discounting may also impact healthy food choice (43). In
accordance with this framework, there exists research that suggests
that higher delay discounting of hypothetical momentary rewards
is correlated with the purchase of unhealthy food products (44,
15) and that increasing delay for unhealthy foods may be used to
increase the value of healthy food purchase (43).

Several systematic reviews and meta-analyses have identified
that self-monitoring, pre-commitment, and social factors may
increase non-impulsive behaviors (46-48). However, few studies
have investigated how such strategies in the form of technology-
enabled healthy food labels affect consumers at the point of
purchase, and few have investigated their relative impact on choice
behavior. For this study, the effects of technology-enabled healthy
food labels that present self-monitoring of previous healthy food
choice, pre-commitment options, and other consumers™ healthy
food purchases on food choice behavior was investigated in point-
of-purchase situations in a hypothetical online grocery store setting.

Self-monitoring refers to the recording and presentation of
one’s own previous behavior to promote behavior change. Self-
monitoring can function as a form of soft commitment (49).
Specifically, observing one’s own previous patterns of choices may
moderate the effects of long-term consequences on choice behavior
without altering the immediate consequences of individual choices.
Self-monitoring can be done actively, where individuals are
required to record their behavior manually, or passively, where
individuals may be presented with their own behavior history
that is automatically recorded by a device. Research suggests that
instructing individuals to actively record their choices may promote
an increase in healthy food choices, and this has been investigated
by using different technologies. For instance, Teasdale et al. (50)
conducted a meta-analysis on remotely delivered strategies that
used self-monitoring and tailored feedback and their effect on
eating behavior. The strategies were delivered using paper reports,
letters, booklets, and computers, and their results suggest that such
strategies had a positive impact on eating behavior. Furthermore,
Bartels et al. (51) conducted a systematic review of the effects
of digital self-monitoring on improving health in middle-aged
or older adults. The strategies were delivered using interactive
voice response through using dials on telephones, personal digital
assistants, short message services (SMS), smartphone apps, and
computers. Their results show that most of the studies across
behaviors lead to a change in at least one outcome measurement,
including food and water consumption. Lim et al. (52) conducted
a systematic review of the effects of technology apps to promote
healthy food purchases and consumption. The devices that
provided the strategies were mostly smartphones, and some used
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personal digital assistants. Their results show modest evidence for
the efficacy of such strategies in improving healthy food purchase
and consumption. These authors suggest that further research
should explore passive automatic and personal feedback, that such
digital health strategies could be incorporated into supermarket
loyalty cards, and that real-time self-monitoring, feedback, and
social incentives may increase healthy food choices. Hence, passive
self-monitoring may be more effective in increasing the effects
of long-term healthy food choices than active self-monitoring.
One possible mechanism for this effect is that the presentation of
previous higher values of non-impulsive behaviors may increase the
probability of current non-impulsive behaviors. In addition, one
may assume that non-impulsive individuals are more likely to be
impacted by the presentation of their patterns of previously healthy
food choice compared to impulsive individuals. This assumption is
based on that non-impulsive behavior may be under the influence
of temporally extended contingencies (49), such as environmental
events that occur as a function of patterns of choices. Based on this,
the following hypotheses are proposed:

HI: The presentation of food products in combination
with higher values of prior healthy food choices for such
products increases the probability of choosing of such products
compared to their absence.

H2: The effects described in H1 will be greater for non-

impulsive consumers than impulsive consumers.

Pre-commitment may refer to the voluntary act of changing the
immediate consequences of individual choice to set the occasion for
choosing larger-later rewards. Specifically, a commitment response
that removes future available choices or that imposes a cost for
certain choices (53, 54) in order to promote behavior change
may be one way of defining pre-commitment. For instance, when
consumers prefer healthy over unhealthy food when the time
between making a choice and receiving the reward is large, then
they can use hard commitment devices that provide additional
consequences of their future individual choices. There exist studies
that have investigated the effects of pre-ordering healthy food
purchases and choice. For instance, Stites et al. (55) investigated
the combined effects of pre-ordering lunch online, mindful eating
training, fat information, and price reductions on healthy food
purchases by employers in a hospital. Their results show that
individuals allocated to the treatment condition purchased on
average fewer calories and fat content and had a higher degree of
mindful eating than individuals in the control condition. Similarly,
Miller et al. (56) investigated the effects of pre-ordering compared
to pre-ordering with a behavioral nudge. The nudge consisted
of messages suggesting that all the components of a healthy
meal or messages stating that the participants had selected a
balanced meal if they selected all the healthy components. They
found that participants in the pre-ordering condition had a higher
average selection of fruit, vegetables, and milk products than
individuals in the control condition. Furthermore, participants
in the pre-ordering and behavioral nudge condition chose on
average healthier products than the participants in the pre-
ordering-only condition. Schwartz et al. (57) examined healthy
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food purchases as a function of pre-commitment by self-imposed
aversive consequences. Specifically, households were enrolled in
an incentive program that gave discounts on food products. The
strategy consisted of an increase in the price of food products if they
did not increase their prior healthy food purchase. Their results
show that roughly one-third of the recruited households agreed to
participate in the study. These households had higher healthy food
purchases than the control group (and households that declined
to participate). These studies suggest that pre-commitment may
increase healthy food purchases. However, little research exists
on the relationship between pre-commitment and the choice of
healthy products for impulsive and non-impulsive consumers. In
addition, one may assume that immediate environmental variables
that may alter choice are more impactful for impulsive consumers
than non-impulsive consumers. This assumption is based on that
impulsive behavior may be under the influence of temporally
narrow contingencies (49). Based on this, the following hypotheses
are proposed:

H3: The presentation of food products in combination with
pre-commitment to healthy food choice will increase the
probability of choice for such products compared to the

absence of pre-commitment.

H4: The effects described in H3 will be greater for impulsive

consumers compared to non-impulsive consumers.

Social proof refers to the phenomenon whereby individuals
tend to copy other people’s behavior when they are uncertain
regarding what choices are correct in a given situation (58).
Research has examined how social proof in the context of
information sources, social identity, and self-control may impact
healthy food choices. However, few articles have examined the
effects of personalized healthfulness information on food basket
choice when it is low or high compared to other consumers’
choices. Sigurdsson et al. (59) investigated the effects of different
sources of social proof on the hypothetical choice and purchase
of fresh fish. Specifically, the quality of the product was based
on other consumers’ ratings by using a “Top Seller” label or
authoritative sources by using a “Store’s Choice” label. Their
first and second study found that other consumers ratings had
more impact on choice behavior in hypothetical online grocery
and brick-and-mortar store settings. Their third study found
that both labels were effective in increasing sales of fresh fish
and ground beef. Furthermore, Liu et al. (60) investigated the
effectiveness of social norms on eating behavior as moderated by
social identity. They found that social-proof messages regarding
healthy foods were effective in increasing self-reports regarding
healthy eating behavior for individuals who identified with the
social group that the message referred to. Furthermore, Salmon
et al. (61) investigated the effects of social proof on low-fat
cheese purchases of consumers with high or low self-reported self-
control. Their study induced high or low self-control by using
an ego-depletion. Their results show that social proof increased
the average percentage of low-fat cheese purchases consumers
allocated to the ego-depletion task compared to controls. However,
individuals who did not perform the ego-depletion task purchased,
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on average less low-fat cheese. The authors suggest that high
self-control individuals may have purchased other healthy food
products and that these results do not necessarily show a negative
effect of purchase behavior for highly self-controlled consumers.
However, these results have been produced by another similar
study. Gongalves et al. (62) investigated the effects of social proof
on fruits and vegetables purchases of soft, medium, and hard
buyers of fruits and vegetables. Their results show that social proof
increases healthy food purchases for all consumers except hard
buyers. These articles indicate that social comparison presented
by other consumers’ purchases increases food choices in impulsive
consumers. In addition, consumers who already purchase healthy
food may be assumed to have higher self-control than individuals
who do not. Based on this assumption, social comparison may be
more effective for impulsive consumers and may not be effective
for non-impulsive consumers. Based on these studies, the following
hypotheses are proposed:

H5: The presentation of food products in combination with
higher values of social comparison increases the probability
of choice of such products compared to the absence of social

comparison in impulsive consumers.

H6: The presentation of food products in combination with
higher values of social comparison decreases the probability
of choice of such products compared to the absence of social

comparison in non-impulsive consumers.

2. Materials and methods

2.1. Participants

Four hundred and twenty-three participants were recruited by
using the crowdsourcing platform Prolific. The sample that was
selected by the service was a balanced sample of citizens in the
United Kingdom. This sample size is considered appropriate for
conjoint experiments (63, 64). The participants were invited to
participate in a consumer choice study for £8 per hour with an
estimation of 15 min to complete the study. They were required
to read and sign an informed consent form regarding their rights as
participants in an experiment before joining the experiment. They
were told they could leave the experiment at any time during the
study. This study has been assessed that to be in accordance with
the Norwegian privacy legislation by The Norwegian Agency for
Shared Services in Education and Research.

2.2. Setting, materials, and apparatus

The experiment was performed using several online and
computer services. First, Prolific was used to recruit and administer
the link to the experiment to the participants. Second, Sawtooth
Software Lighthouse Studio 9.14.2 was used to record the
participants’ choices, present the procedure, and conduct data
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analysis. Third, Excel, RStudio, and the ggplot2 package were used
for data analysis and visual representation of the data. This study
was first pre-tested with 102 participants and later a second test with
303 participants, resulting in a total of 405 participants.

2.3. Procedure

The procedure consisted of three parts which were presented
in the following order. The first part consisted of a 5-trial
adjusting delay task (65) and was used to measure the participants’
impulsivity. In the second part, the three technology-enabled
healthy food labels were introduced and then a choice-based
conjoint experiment (63) was used to assess their relative impact
on choice behavior. The third part consisted of asking demographic
questions. The study was pre-tested by using the Sawtooth Software
random response simulation. The authors provided a link to the
experiment using Sawtooth Software servers to each participant by
using the Prolific platform.

2.3.1. Adjusting delay task

Participants were required to read the following instructions:
“The study consists of three parts. The purpose of the first part is to
examine your economic choices. You will be presented with several
hypothetical scenarios that consist of two options each. Choose the
option that you prefer by clicking on it. Press ‘Next’ to continue.”

The 5-trial adjusting delay task consisted of presenting five
trials each consisting of two hypothetical options. In all trials,
participants were asked to choose between receiving hypothetical
rewards of £50 now or receiving £100 in combination with a delay.
The delayed reward was changed based on their previous choices.
The delay in receiving the hypothetical reward in a trial was reduced
if in the previous trial the participants chose to receive the reward
now or increased if the participant chose to receive the reward
later. The specific levels of delay in all trials are shown in Figure 1.
The participants were required to choose one of two options before
proceeding to the next trial. The participants could not go back to
the previous trial once they submitted their answers, and the order
of the options was randomized.

2.3.2. Technology-enabled healthy food labels
and choice-based conjoint experiment

After completing the adjusting delay task, participants were
introduced to three technology-enabled healthy food labels and
their relative effect on choice of food baskets in different
hypothetical online grocery stores was examined. They were
presented with the following introduction in part two: “You have
now finished the first part of the study, and you must now check
off this box to confirm the end of part one. Part two will examine
your preference regarding online grocery shopping. Press ‘Next’ to
proceed.”

They were later presented with the following instructions:
“Imagine that you are about to order a food basket by using an online
grocery store. In these scenarios, you decide to compare three different
online grocery stores before deciding which to choose. Each scenario
has labels that will help you in the choice process.” The participants
were later presented with three technology-enabled healthy food
labels successively. They were first presented with a symbol, then
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Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 k-value Category
Now 24,0000000 1
Now 1 hour 17,0000000 2
2 hours Now 9,7900000 3
Now 3 hours 6,9300000 4
4 hours Now 4,9000000 5
Now Now 6 hours 3,2700000 6
9 hours Now 2,3100000 7
12 hours 1,4100000 8
Now 0,8160000 9
Now 1.5 days 0,5770000 10
1 day 2 days Now 0,4080000 11
Now Now 3 days 0,2890000 12
4 days Now 0,1890000 13
Now 1 week 0,1170000 14
1.5 weeks Now 0,0825000 15
2 weeks 0,0583000 16
Now 0,0396000 17
Now 1 month 0,0232000 18
2 months Now 0,0134000 19
Now 3 months 0,0094900 20
3 weeks 4 months Now 0,0067100 21
Now Now 6 months 0,0047410 22
8 months Now 0,0033500 23
1year 0,0019400 24
Now 0,0011200 25
Now 3 years 0,0007910 26
2 years 4 years Now 0,0006120 27
Now S years 0,0004330 28
8 years Now 0,0002790 29
Now 12 years 0,0001860 30
18 years Now 0,0001290 31
25 years 0,0001100 32
FIGURE 1

Overview of the adjusting delay task. This figure shows the hypothetical scenarios regarding the adjusting delay task. The trial number is indicated at
the top. The initial delay during trial 1 was always three weeks. In trial 2, the participants were given the upper scenario if they selected now in trial 1
or were given the lower scenario if they selected three weeks in trial 1. The remaining trials had similar branching depending on the previous choice

K-values and the categories are specified on the right.

text that explained the symbol, and lastly, with a test that required
them to match the symbol and the prior text.

For the introduction to the Streak label, the participants were
shown an image of a blue square, and they were told that this
was the healthy Streak label and instructed to press “next” to
continue. Later, they were presented with the same image with the
following text underneath. “This label shows how many previous
healthy orders in a row you have made. In this case, a healthy
order is defined as having at least 50% of items in the basket that
are labeled healthy by the Traffic Light Food Labelling System. If

Frontiers in

you choose this basket, you continue your healthy streak.” They
were required to press “Next” to continue during the presence
of this text. Next, the participants were presented with the same
square with three multiple-choice options. One of the options
was the same text as during the introduction of the Streak label.
Participants who selected this option were told they were correct
and proceeded to the condition that presented the next label.
Participants who selected either of the other two options were told
that their answers were incorrect, redirected to the blue square, and
the procedure was repeated.
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If these were your only options, which would you choose? Moving your mouse pointer
over “more info” gives you extended information.

Streak label
more in

This label shows how many previous healthy
orders in a row you have made. In this case, a
Incentiv healthy order is defined as having at least 50%
of items in the basket that are labeled healthy by
label the Traffic Light Food Labelling System. If you
more in choose this basket, you continue your healthy

FIGURE 2

streak.
Comparison
label
more info
Delivery time 30 minutes 24 hours
Price £60 £70
Choose Choose

Example of a trial in the choice-based conjoint experiment. This figure shows an example of a choice trial in the choice-based conjoint experiment.
The independent variables are on the right and the specific levels within each profile are indicated.

NONE: |
3 wouldn't
choose any of
these.
6 hours
£70
Choose Choose

For the introduction to the Incentive label, the participants
were presented with an image of a white circle and they were told
that this was the healthy Incentive label and instructed to press
“Next” to continue. Later, the same image with the following text
was presented: “This label appears when you have a minimum of
30% fruits and vegetables in the basket. If you choose this option, you
get a 10 % discount on this and your next purchase that also meets
this requirement.” Similarly, the participants were required to press
“Next,” after which three multiple-choice options were presented.
Likewise, participants were redirected to the label’s introduction if
they selected options other than the original text. They continued
to the next section if they selected the original text.

For the introduction to the Comparison label, the participants
were presented with a pink triangle and were told that this was
the healthy Comparison label and instructed to press “Next” to
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continue. Later, the same image with the following text underneath
was presented: “This label shows the percentage of groceries in your
basket that are labeled healthy by the Traffic Light Food Labelling
System © compared to what other consumers in your area have
bought.” Similarly, three multiple-choice options were presented after
selecting “Next”. Likewise, participants were redirected to the label’s
introduction if they selected options other than the original text.
They continued to the next phase if they selected the original text.
The text of the multiple-choice options is shown in Appendix A. All
options were presented in random order.

The participants were presented with a choice-based conjoint
experiment right after the introduction to the labels. A conjoint
experiment consists of a combination of generating experimental
design and the usage of multivariate statistics to investigate the
relative impact of multiple independent variables (63). Specifically,
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Adjusting Delay Task
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FIGURE 3

Results from adjusting delay task. This figure shows the frequency
of each participant across the 32 different k-value categories. The
frequency is indicated on the vertical axis and the k-value
categories are indicated on the horizontal axis. Higher k-values are
represented on the left, while lower k-values are represented on the
right side of the graph

it consists of generating combinations of several values of
independent variables, and their effect on decision-making is
then evaluated. In a choice-based conjoint experiment, several
profiles are presented and the participants are instructed to choose
one among these profiles. In this study, the participants were
presented with a choice-based conjoint experiment with several
profiles within a trial, and their choices regarding these profiles
were recorded. Each profile had information associated with it;
this information was the independent variables in this study. This
study used a full-profile method that presented all the independent
variables simultaneously when a profile was presented. The choice
trial consisted of three profiles and a “None” option where the
latter was always positioned to the right. The participants had to
select one of four options and press next to proceed to the “Next”
trial. Each participant was presented with 12 choice trials, and the
order of the trials was randomized to rule out order effects (66).
A balanced overlap method was used to design the profiles (67).
This method consists of generating choice trials where the profiles
have combinations of values of independent variables that have low
correlation. By using this method, the software (Lighthouse Studio
9.14.2) generated 300 different sets and each set had 12 choice trials.
Each participant was presented with one of these 300 sets. The
participants could access the information of each label provided in
the instructions by hovering their cursor over the “more info” text
underneath the names of the independent variables. An example
of a trial is shown in Figure 2. The participants were presented
with the following instruction before the choice-based conjoint
experiment and between the 12 trials: “You will now be presented
with the Ist out of 12 different hypothetical purchase situations. These
situations are independent of each other, and your choices in one
situation do not impact the next. Thus, answer as you would have
done in a real-life purchase situation.” The instructions specified
which trials were presented (i.e., 1st, 2nd, 3rd, ... 12th).

2.3.2.1. Independent variables

Five independent variables were used. Three of these
were self-monitoring, pre-commitment, and social comparison
based technology-enabled healthy food labels. Two additional
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independent variables were added to increase the realism of the
choice experiment: delivery time and price.

First, the self-monitoring independent variable consisted of the
following levels: “blank,” “square with number 2,” and “square with
number 3.”

Second, the pre-commitment independent variable consisted of
the following levels: “blank” and “circle.”

Third, the social comparison independent variable consisted of
the following levels: “blank;” “triangle with —15%,” and “triangle
with +15%.”

Fourth, the delivery time independent variable consisted of the
following levels: “30 min,” “6 h,” and “24 h.” These levels were
derived by examining the earliest delivery time options of five
online grocery stores in London, England.

Fifth, the price independent variable consisted of the following
levels: “£60,” “£70,” and “£80.” These levels were derived by
examining the average amount spent per basket in English online
grocery stores. These levels were set lower than the average amount
spent per basket to decrease “None” option choices.

2.3.2.2. Dependent variable
The dependent variable was
profiles within a trial.

choice behavior among

2.3.3. Demographical questionnaire

After completing the choice-based conjoint experiment,
participants were asked questions regarding their gender, age,
household status, personal income last year, frequency of previous
online shopping, product categories purchased online, frequency of
purchasing food online, and food allergies.

2.4. Data analysis

Several data analysis methods were used. First, the frequency
of participants across k-value categories was analyzed. Second,
impulsive and non-impulsive individuals were classified by ranking
them from high to low k-values according to the adjusting delay
task. The half with the highest k-values were impulsive individuals,
and the other half with the lowest k-values were defined as non-
impulsive individuals. Three participant groups were formed, and
these were based on (a) all participants, (b) impulsive participants,
and (c) non-impulsive participant. All of the groups’ data were used
for statistical analyses. Second, logistic regression and Hierarchical
Bayesian modeling based on aggregated data were used to estimate
the impact of the independent variables and their levels on choice
behavior. Logistic regression was employed by using maximum
likelihood estimation for the main-effects of the relationship
between binary choice behavior and the levels of the independent
variables with five iterations. The regression coefficient for each
level, standard error, and log-likelihood for the model was
calculated. The importance score of the independent variables was
calculated by taking the range of the regression coefficients of
the levels within the independent variables and calculating the
proportion of these values of one independent variable compared
to the others. The impact of the independent variables for each
participant was estimated using Hierarchical Bayesian modeling.
This was done by estimating the impact of change at each level by
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using aggregate data of all participants and using such information
to estimate the impact of each level for each participant. There were
20,000 iterations using this method, and the last 10,000 iterations
were used for analysis. The average Hierarchical Bayes estimation
for each level with standard deviation was estimated. Latent class
analysis was performed by deriving two and three classes based
on the results of the estimations. Finally, demographical data were
provided for all three groups.

3. Results

Four hundred and twenty-three participants were invited to
perform a study regarding consumer choice. Eighteen did not
complete the survey, and their responses were removed from the
analysis. The analysis was performed based on the remaining 405
participants in total. The average participant completed the study
by in 526.47 s (8.77 min), with a range of 153-2,822 s (2.55-
47.03 min), and a standard deviation of 290.77 (4.84 min).

The results from the adjusting delay task are shown in Figure 3.
The figure shows that the category with the most participants
was the 21st category (k-value = 0.0047), with a total of 62
participants. Based on these results, impulsive participants were
defined as participants who completed the adjusting delay task and
had a k-value of 24 to 0.0067 (from the 1st to the 20th category).
Similarly, non-impulsive participants were defined as participants
who completed the task and had a k-value of 0.0047-0.00011 (from
the 21Ist to 32nd category.) As a result, 193 participants were
classified as impulsive, and 212 were classified as non-impulsive.

The results of the demographic questions are shown in Table 1.
Regarding all participants, the majority were males, and the most
common age category was 25-34 years old. Most participants lived
in a couple-household with children and had a personal annual
income between £25,000 and £49,999. The majority shopped online
once a week. Clothing and footwear were the most common items
that were bought online, the majority of the participants bought
groceries online at least once in a year, and the majority had
no allergies. Regarding the impulsive participants, the majority
were females, were between 25 and 34 years old, lived in a
couple-household, had a personal annual income between £25,000
and £49,999, shopped online once every 2 weeks, bought online,
majority of the participants bought groceries online at least once
in a year, and had no allergies. Clothing and footwear were
the most common type of products that were bought online.
Regarding the non-impulsive participants, the majority were males,
between 35 and 44 years old, lived in a couple-household, had
a personal income between £25,000 and £49,999, and shopped
online once a week. Books, music, movies, and games were the
most common type of products bought online. Most participants
bought groceries online at least once a year, and the majority had
no allergies.

The results of the conjoint experiment based on all participants
are shown in Figure 4. The results were the same when using
logistic regression and Hierarchical Bayes estimation. Regarding
the Streak label, the blue square with the number 3 was chosen
more often than the blue square with the number 2, and the
blue square with the number 2 was chosen more often than the
absence of the Streak label. Regarding the Incentive label, the white
circle was estimated to be chosen more often than the absence of
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Incentive labels. With regard to the Comparison label, the triangle
with +15% was chosen more often than triangle with —15%, and
the latter was chosen more often compared to the absence of the
Comparison label. Regarding the delivery time, 30 min was chosen
more often than 6 h, and the latter was chosen more often than
24 h. With regard to price, £60 was chosen more often than $70,
and the latter was chosen more often than £80. The log-likelihood
for the null model was —6,737.39, and the log-likelihood for the
estimated model was —4,594.24, with a total difference of 2,143.15.
In addition, the results from the logistic regression coefficients
of the Comparison label based on impulsive participants were as
follows: absent = —0.36, the triangle with —15% = —0.03, and the
triangle with +15% = 0.39. The Hierarchical Bayes estimations for
the same participants were as follows: absent = —0.70 (SD = 0.54),
the triangle with —15% = —0.06 (SD = 0.91), and the triangle with
+15% = 0.76 (SD = 0.74.) The logistic regression coefficients of
the Comparison label based on non-impulsive participants were
as follows: absent = —0.38, the triangle —15% = 0.03, and the
triangle with +15% = 0.41. The Hierarchical Bayes estimations for
the same participants were as follows: absent = —0.80 (SD = 0.67),
the triangle with —15% = —0.11 (SD = 0.85), and the triangle
with +15% = 0.92 (SD = 0.86.) The relative impact of the Streak
label, Incentive label, Comparison label, delivery time, and price
and Latent Class analyses based on these for all participants,
impulsive participants, and non-impulsive participants are shown
in Figure 5.

When comparing each group with itself, the results show a
similar relative impact for all participants, including impulsive
and non-impulsive participants. Specifically, price, Streak label,
Incentive label, Comparison label, and delivery time had the
most to least impact on choice in that order, using logistic
regression and Hierarchical Bayes estimation. When comparing
across the groups, the Streak label and incentive label had more
impact on choice for impulsive participants than non-impulsive
participants. Similarly, delivery time had more impact on impulsive
participants compared to non-impulsive participants. In addition,
price had less impact on choice for impulsive participants than
non-impulsive participants. The log-likelihood for the null model
based on impulsive participants was —3,210.66, and the log-
likelihood model for the estimated model was —2,158.80, with
a total difference of 1,051.85. The log-likelihood for the null
model based on non-impulsive participants was —3,526,73, and
the log-likelihood for the estimated model was —2,426.46, with
a total difference of 1,100.26. When using three latent classes,
the largest class shows that the Streak label and Incentive
label had the most impact on choice, and the second largest
shows that price and Incentive label had the most impact on
choice for all participants, impulsive participants, and non-
impulsive participants.

The results presented here support H1, H3, and H5, while the
they do not support H2, H4, and H6. Specifically, the results show
that higher values of prior healthy food choice, pre-commitment
to healthy foods, and higher social comparison increase the
probability of choice behavior compared to the absence of these
labels. Furthermore, the latent class analysis and relative impact
of these three independent variables (presented in Figure 6)
did not identify segments that differed with regard to impulsive
and non-impulsive participants. When using logistic regression
coefficients and Hierarchical Bayes estimations of the impact of
the Comparison label, the results showed no negative impact of
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TABLE 1 The proportions of answers based on questions for all, impulsive, and non-impulsive participants.

Answers to the demographical questions

All participants Impulsive Non-impulsive

(n = 405) participants participants
(n =193) (n =212)

1. What is your gender?

Male 50.12% 43.01% 56.60%
Female 49.63% 56.48% 43.40%
Non-binary / third gender 0.25% 0.52% 0.00%
Prefer not to say 0.00% 0.00% 0.00%

2. What is your age?

18-24 years old 10.12% 10.88% 9.43%
25-34 years old 32.59% 35.75% 29.72%
35-44 years old 27.16% 23.83% 30.19%
45-54 years old 15.31% 16.58% 14.15%
55-64 years old 10.86% 9.33% 12.26%
65-74 years old 3.70% 3.11% 4.25%
75 years or older 0.25% 0.52% 0.00%

3. What type of household do you belong to?

Couple household with children 40.99% 46.11% 36.32%
Couple household without children 29.63% 26.42% 32.55%
Single mother household 4.44% 5.18% 3.77%
Single father household 0.99% 0.52% 1.42%
Single person household 15.80% 13.99% 17.45%
Other 8.15% 7.77% 8.49%

4. Which of these describes your personal income last year?

£0 0.99% 1.04% 0.94%
£1 to £9,999 12.84% 11.92% 13.68%
£10,000 to £24,999 29.63% 32.12% 27.36%
£25,000 to £49,999 39.01% 38.34% 39.62%
£50,000 to £74,999 9.63% 9.84% 9.43%
£75,000 to £99,999 0.74% 0.52% 0.94%
£100,000 or more 0.74% 0.00% 1.42%
Prefer not to answer 6.42% 0.62% 6.60%

5. How often do you shop online?

Once a week 31.60% 29.02% 33.96%
Once every 2 weeks 26.42% 30.57% 22.64%
Once a month 19.26% 20.21% 18.40%
Around 3-4 times per quarter 12.35% 11.92% 12.74%
Once every 3 months 8.89% 7.77% 9.91%
T have not shopped online before 1.48% 0.52% 2.36%

6. What type of products have you bought online? Multiple
answers are possible.

Books, music, movies, and games 80.49% 77.20% 83.49%

Toys 50.62% 52.85% 48.58%

Consumer electronics and computers 72.10% 70.98% 73.11%

Sport equipment 39.01% 41.45% 36.79%
(Continued)
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TABLE1 (Continued)

Answers to the demographical questions

10.3389/fnut.2023.1129883

All participants
(n = 405)

Impulsive
participants
(n =193)

Non- impulsive
participants
(n = 212)

Health and beauty (cosmetics) 61.23% 64.77% 58.02%
Clothing and footwear 82.96% 83.94% 82.08%
Jewelry/watches 31.85% 33.16% 30.66%
Household appliances 65.43% 65.28% 65.57%
Do it yourself/home improvement 40.25% 36.27% 43.87%
Furniture and homeware 50.86% 51.30% 50.47%
Grocery 73.33% 75.13% 71.70%
None 0.49% 0.52% 0.47%
7. How often do you purchase groceries online?

At least once in a year 35.56% 34.20% 36.79%
At least once in 6 months 20.74% 21.24% 20.28%
At least once in a month 26.91% 31.61% 22.64%
At least once a week 16.79% 12.95% 20.28%
8. Do you have any allergies?

No 86.67% 84.97% 88.21%
Yes 13.33% 15.03% 11.79%

the triangle with +15% on choice behavior for non-impulsive
participants.

4. Discussion

The main purpose of this study was to investigate
whether impacted by technology-enabled
healthy food labels differed from impulsive and non-impulsive

choice behavior

participants. Specifically, the relative impact of self-monitoring,
pre-commitment and social comparison when presented as
technology-enabled healthy food labels on choice behavior in a
conjoint experiment was used. Impulsivity was measured through
choice behavior by using an adjusting delay task.

This research contributes to two research fields. First, it relates
to the emerging online grocery store and healthy food choice
literature. Second, it relates to the general self-control literature
and variables impacting healthy food choice. To the best of our
knowledge, this is the first study to do so.

4.1. Internal validity

Overall, the results suggest that the self-monitoring, pre-
commitment, and social comparison-based technology-enabled
healthy food labels were the labels that had the most impact on
choice behavior from most to least, in that order. In addition,
the results indicate that self-monitoring and pre-commitment-
based technology-enabled healthy food labels might be more
effective for impulsive individuals than non-impulsive individuals.
Furthermore, the results show that social comparison was more
impactful on choice for non-impulsive participants than impulsive
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participants. However, clear segmentation based on latent class
analysis regarding these results were not found, and definitive
conclusions cannot be made based on these results.

With regard to self-monitoring-based technology-enabled
healthy food labels, the results show that the presentation of
higher values of prior healthy food choices increases choice
behavior compared to its absence. Regarding pre-commitment-
based technology-enabled healthy food labels, the findings show
that the presence of pre-commitment to healthy food choice
increases choice behavior compared to its absence. Furthermore,
these results did not differ between impulsive and non-impulsive
participants. With regard to social comparison-based technology-
enabled healthy food labels, the results show that higher levels
of social comparison increase choice behavior compared to its
absence for impulsive participants. Lastly, the findings did not
show that higher levels of social comparison decrease choice
behavior compared to its absence for non-impulsive participants.
In addition, the results from Figure 5 indicate that impulsive
participants’ choices are more impacted by delivery time compared
to non-impulsive participants and that non-impulsive participants
are more price sensitive compared to impulsive participants. These
results show some correspondence between the adjusting delay
task and the choice-based conjoint experiment. Regarding the logit
regression coefficients of the independent variables, all estimations
had a standard error below 0.05 except for the “None” option. The
highest standard error for the “None” option was observed for the
impulsive participants, with a value of 0.09.

g

4.2. External validity

Consistent with prior research, this study identified segments
of impulsive respondents whose choices were more impacted by
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FIGURE 4

Results from estimated impact on choice on all participants. This figure shows the estimated impact of the independent variables on choice
behavior. The name of the independent variables, their levels, the results of the logistic regression, and hierarchical Bayes from top to bottom

delivery time compared to non-impulsive participants. In addition,
the results in Table 1 show that impulsive and non-impulsive
individuals have different preferences regarding what type of
products are bought online. For instance, a higher proportion of
non-impulsive participants stated that they bought products online
that were in the category “Do it yourself/home improvement”
than impulsive individuals. One possible explanation is that such
products require more effort than other products. This can be
related to previous research indicating that preference for some
commodities is more impacted by the same variables that affect
delay discounting.

With regard to self-monitoring of healthy food choice, the
findings of this study are in accordance with articles that were
used in the literature review, where self-monitoring may impact
food and healthy choice. In addition, this study builds on previous
calls to investigate the effects of automatic self-monitoring of
previous food choice in a point-of-purchase situation which
includes personal feedback. Moreover, this study also strengthens
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these findings by isolating the effects of self-monitoring of healthy
food choice on food choice. Specifically, the results show that the
presentation of higher values of healthy food choice alone can
impact current food choice. Lastly, this study found that some of the
effects of self-monitoring are generalizable to hypothetical online
grocery shopping. With regard to pre-commitment to healthy food
choice, the findings of this study support previous research in the
sense that pre-commitment to healthy food choice might be an
effective strategy for increasing healthy food choice. Specifically,
price reductions might be effective in increasing fruit and vegetable
choice, as indicated in the literature. Similarly, this effect was also
observed in a hypothetical online grocery context. With regard to
the social comparison of healthy food choice, the findings of this
study show mixed support for previous research. This study found
that positive social comparison increases food choice compared to
its absence. However, the articles that were found in the literature
review suggest that social comparison might have negative effects
on food choice. For instance, Gongalves et al. (62) found different
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Relative impact of the independent variables for all, impulsive, and non-impulsive participants

effects of social comparison on food choice depending on whether
the participants were frequent or non-frequent fruit and vegetable
buyers. The findings in this study indicate that social comparison-
based technology-enabled healthy food labels were more effective
for non-impulsive participants. As indicated in , more non-
impulsive participants stated that they bought groceries online at
least once a week compared to impulsive consumers. The results
presented in , however, suggest that frequent fruit and
vegetable buyers, in this case, non-impulsive participants, were
more impacted by social comparison than impulsive participants.
One possible interpretation is that such buyers are more sensitive
to social comparison in an online grocery store context than in a

physical store.

4.3. Implications and further research

There are several implications of these findings. First, the
results show that consumers’ choices were more impacted by
the Streak label than by Incentive labels. These finding that
in some situations consumers prefer non-monetary over some
discount monetary-based technology-enabled healthy food labels
indicates that companies might use this technology to save
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costs while at the same time increase healthy food choice for
consumers. Companies may use self-monitoring labels rather than
providing a 10% discount on healthy foods to increase healthy
food choice. Self-monitoring-based technology-enabled healthy
food labels can benefit companies, consumers, and society at
large. Second, developing these self-monitoring-based technology-
enabled healthy food labels might not be expensive. Most online
grocery stores require customers to create an account to purchase
groceries. Online grocers can integrate this information into
the customers’ accounts, which may be presented in point-
of-purchase situations. Third, several considerations must be
considered when implementing new technology. For instance,
privacy, accurate data, ownership, and accessibility of data being
collected must be considered (68). Fourth, the findings suggest
that negative social comparison-based technology-enabled healthy
food labels are preferred over the absence of such labels,
indicating that the negative impact of these on food choice
compared to their absence is not that detrimental for food choice.
Fifth, implementing such technology-enabled healthy food labels
might generate more engagement with the online grocery store,
which may generate positive word-of-mouth. Lastly, not only
can companies that implement these technology-enabled healthy
food labels generate more revenue, but they can also provide
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FIGURE 6
Results from latent class analysis for all, impulsive, and non-impulsive participants. This figure shows the results of the latent class analysis for all,
impulsive, and non-impulsive participants

higher consumer well-being by not restricting the consumers’
product options.

There are several considerations that future studies could
investigate. First, these results might be specific to UK participants,
and these results might depend on cultural factors as well.
Second, what was considered healthy by the Streak label and
Comparison-based labels were based on the Traffic Light Food
Labelling System, a front-of-package food labeling system used
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in the UK. The Incentive label was, however, based on how
many fruits and vegetables were in the hypothetical food basket.
These differences may have impacted choice behavior. However,
the Comparison label was the least impactful technology-enabled
healthy food label in this study, and was based on the Traffic
Light Food Labeling System. Third, some order effects might have
affected choice behavior. Specifically, the order of the attributes
was fixed in the choice experiment, which might be a confounding
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variable. In addition, the sequence of the introduction to the
technology-enabled healthy food labels might also have impacted
the results. Fourth, this study investigated hypothetical online
grocery shopping and did not investigate the effects of these
technology-enabled healthy food labels on actual purchases. The
findings of this study may differ in a real online purchase situation.
Lastly, the sample size of the latent class analysis of three groups
might be too small to give robust findings, and they should be
viewed as an indication. However, the logistic and Hierarchical
Bayes estimations of the relative impact of the technology-enabled
healthy food labels based on all participants, impulsive participants
and non-impulsive participants, had an adequate sample size as
indicated by the standard errors.

Several research topics should be investigated based on the
findings of this study. First, future research should investigate
how these technology-enabled healthy food labels impact actual
purchases of healthy foods. Second, future research should also
investigate the impact of other forms of technology-enabled healthy
food labels on food choice. For instance, one might present
technology-enabled healthy food labels that present the benefits
of selecting healthy food baskets in terms of how one increases
one’s life expectancy by selecting healthier options. Furthermore,
one might highlight healthy foods not previously purchased at the
point-of-purchase in an online grocery store to increase healthy
food choice variety. In addition, many criteria exist for a healthy
food product. One can ask what specific food products or categories
are considered healthy for each consumer when creating an
account for an online grocery store and highlight food products
that are considered healthy for each consumer using technology-
enabled healthy food labels. Third, this study investigated whether
some technology-enabled healthy food labels were more effective
for impulsive and non-impulsive consumers. Future findings
may also investigate whether variables that impact probability
discounting might impact healthy food choice. Specifically, some
technology-enabled healthy food labels might be more effective for
risky and risk-aversive consumers. As mentioned, unhealthy food
consumption is associated with numerous diseases, and an increase
in unhealthy food consumption increases the risk (or probability)
of acquiring such diseases. Hence, variables that might impact
risk-taking might be the same variables that impact healthy food
choice.
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Abstract

One way to increase healthy food choices is by presenting consumers with
healthy food labels that are made possible by using digital technology
based on knowledge from behavioral science. Conceptually, food labels
are arbitrary symbols that acquire their function on consumer behavior via
instructions. This study examined how different sources of presenting such
information may impact consumer behavior. It investigated the impact of
technology-enabled healthy food labels made in response to public policy
measures, retailers, and consumers’ definitions of what a healthy food
product is, on verbal reports of the likelihood of purchasing hypothetical
orders by using conjoint analysis. Based on 204 adult participants, this
study found that the labels that were consumer self-generated, based on
public policy, and retailer-defined had the most to least relative impact on
the likelihood of purchasing in that order. Furthermore, the findings also
show that there were differences in which food categories public policy
recommends consumers eat more of and what food categories consumers
consider healthy. The study discusses the managerial implications of these
findings and the practical implementation of these labels. Future research

directions and possible moderating variables are discussed.

Keywords: consumer behavior analysis, online grocery shopping,
healthy food labels, digital technology, technology-enabled healthy food

labels
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1. Introduction

Why are people choosing unhealthy food products despite their numerous
negative impacts? This harms consumers, society as a whole, and retailers.
From the consumers’ perspective, poor nutrition is associated with
numerous negative implications, such as being obese. A raised body mass
index may increase the risk of cardiovascular diseases such as heart
disease and stroke, diabetes, musculoskeletal disorders, and certain types
of cancers (World Health Organization, 2020b). Furthermore, some
research indicates an association between diet quality and academic
performance (Florence et al., 2008), mental health (O’neil et al., 2014), and
dental health (Mobley et al., 2009). Even when consumers intend to or state
that they want to eat healthily (Grimmelt, 2022), some still continue to
choose unhealthy food products. From the perspective of society as a
whole, obesity is costly (Okunogbe et al., 2021) in terms of healthcare
services for treating diseases. The World Health Organization has declared
obesity a major public health problem and even a global epidemic. Some
authors have suggested that the food environment may impact unhealthy
food decisions (Lake & Townshend, 2006), which may also apply to the
digital food environment (Granheim et al., 2022). This has led to several
initiatives to help consumers choose healthily with various degrees of
success. For instance, the World Health Organization has suggested using
simplified front-of-package food labels (World Health Organization, 2020a)
or simply healthy food labels as a strategy to increase healthy food
choices. There is extensive research on this topic on several consumer
behavior metrics (Hersey et al., 2013; Ikonen et al., 2020; Vyth et al., 2012),

but some research suggests that they may not necessarily lead to an
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increase in healthy food purchases (An et al., 2021). From the food
industry’s perspective, any company’s purpose is to satisfy consumers’
needs and wants profitably (Foxall, 1999, 2020; Foxall, 2021). Unhealthy
food choices may lead to stricter regulations regarding retailing practices,
limiting what products the retailers can sell. Furthermore, it may hurt the
reputations of retailers and brand owners if warning labels (Reyes et al.,
2019) are enforced on unhealthy food products. Moreover, consumers are
becoming more sophisticated and knowledgeable about the products they
need and want (Foxall, 2021). Retailers and brand owners must respond to
these needs and wants. Furthermore, individuals are said to have freedom
when not being threatened or punished for performing specific actions
(Skinner, 1972). Retailers thus have a responsibility to ensure consumer
freedom by creating a shopping environment without threats or warning
labels on unhealthy food products, by not limiting their product options, by

increasing consumer well-being, and by making a profit while doing so.

Retailers may increase their revenue by presenting healthy food
labels based on digital technology and behavior science at the point of
purchase settings. With regard to technology in retailing, Inman and
Nikolova (2017) suggest that new technologies may provide value to
retailers by increasing revenue through imparting better understanding of
the willingness-to-pay of different consumers, by being used to increase
the quantity purchased by current consumers, attracting new shoppers,
and gaining support from suppliers who wish to sell more product.
Similarly, Shankar et al. (2021) suggest that new technology in retail may
depend on the adaptation by retailers and suppliers on one hand and

customers and employees on the other hand. Furthermore, they state that
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retailers’ decisions to use new technology may depend on what type of
technology they should use, when they should implement it, the degree of
investment the retailer can afford, and whether it is possible to execute this
implementation. As Nikolova and Inman (2015) indicate, healthy food
labels on products may increase healthy food choices and make
consumers less price-sensitive and more promotion-sensitive. A healthy
food label may be defined as the use of simplified nutritional information,
logos, or symbols in relation to a food product to indicate that it is healthy
for consumers (Hersey et al., 2013), and in the literature dealing with front-
of-package food labels, they can be classified as summary labels or
nutrient-specific labels (Temple, 2020) or as labels in which these elements
are combined. Summary labels provide an overall evaluation of how
healthy the overall food product is, nutrient-specific labels give evaluations
of how healthy each nutrient is, and combined labels employ both these
elements. These may be presented in novel ways by using digital
technology. Using digital technology to present healthy food labels may
provide new value for retailers and suppliers. With regard to digital
technology in grocery shopping, there are several opportunities to increase
healthy food choices (Pitts et al., 2018). For instance, one may use online
grocery stores (Shin et al., 2020), mobile apps (Fagerstrgm, Eriksson, et al.,
2020), and smart carts (Eriksson et al., 2023; Larsen & Sigurdsson, 2019) to
present information that is otherwise not possible, using such technology.
Although the potential to increase healthy food choices is made possible
by using such technology, there are still uncertainties regarding what
specific type of information or design one may present to the consumers
(Valencic et al., 2022). Some authors have suggested using behavioral

science to increase healthy food choices (Just & Payne, 2009; Roberto &
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Kawachi, 2014; Vecchio & Cavallo, 2019), and that providing detailed
information regarding healthy products may not be effective in increasing
healthy food choices. Hence, identifying how one can present simplified
healthy food labels using technology based on behavioral science may be
one way to ameliorate this problem. This has clear benefits for consumers,

society, and the food industry.

There are several research gaps in the literature regarding this topic.
First, there is a lack of research about presenting healthy food labels based
on technology and consumer behavior. Although there exist several
research articles that have investigated how healthy food labels impact
consumer behavior in a digital context (Fagerstram et al., 2019), few
articles have examined how healthy food labels in terms of arbitrary
symbols enabled by technology and emphasizing the healthfulness of
products may impact consumer behavior in an online grocery store context
(Ljusic et al., 2022; Schruff-Lim et al., 2023; Valencic et al., 2022). For
instance, Shin et al. (2020) found that a dynamic food label with real-time
feedback based on the contents of consumers’ virtual baskets effectively
increased healthy food purchases. Fuchs et al. (2019) found that user-
specific tailored healthy food labels based on gender, age, physical activity,
diet patterns, and diseases were perceived as more helpful, relevant, and
recommendable than standardized healthy food labels. When it comes to
food ordering in general, a series of experiments conducted by VanEpps
and colleagues (2021) found that real-time feedback through a color-
coding system reduces calories in orders more effectively than feedback
based only on numeric calories. Second, consumers, public policy

organizations, and retailers may have different definitions of what is
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considered a healthy food product, and this may lead to confusion
regarding what a healthy food label is said to represent (Mayer et al., 1993;
Spiteri Cornish & Moraes, 2015). There exists a lack of research when it
comes to the impact of different sources in relation to these logos or
symbols on consumer behavior in the context of information that is
presented by technology. The objective of this research is to examine how
different sources of healthy food label strategies may impact consumer
preference. This research paper aims to contribute to research regarding

these topics. The research question of this paper is thus:

What is the relative impact of (a) public policy, (b) retailer, and (c)
consumer self-generated healthy food labels on verbal estimations of the
likelihood to purchase of consumers in a hypothetical online grocery store

context?

The rest of this paper is structured as follows. First, it introduces
consumer behavior analysis as a framework within behavior science and
proposes that healthy food labels acquire their function based on rules.
Previous research related to public policy, retailers, and consumer self-
generated instructions for healthy food products is provided. The
justification for selecting these points is that the theoretical framework
builds on how environmental and situational variables impact consumer
behavior, that there exists some prior research on rule-following based on
different sources, and that digital technologies can enable new
environments for consumers, integrating these streams of research when
examining technology-enabled healthy food labeling and consumer
behavior. Second, the method, consisting of a conjoint experimentis

described. Third, the results of the conjoint experiment are presented.
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Finally, a discussion regarding the findings is provided, and future research

is proposed.
2. Theoretical Framework

Consumer behavior analysis is the study of how environmental or
situational variables may impact consumer behavior, its basic model is the
three-term contingency, and several research articles exist on the topic.
Consumer behavior analysis is an interdisciplinary approach that builds on
behavior analysis, behavioral economics, and marketing science (Foxall,
2016; 2017) in order to describe, predict, influence, interpret, and
understand the behaviors of consumers. The three-term contingency
describes the relationship between behavior, consequences, and
antecedent stimuli. The behavior-consequence relations may be described
in terms of reinforcement and punishment and related to utilitarian and
informational properties of such consequences. The antecedent-behavior-
consequence relations, that is, the full three-term contingency, may be
analyzed by introducing discriminative stimuli and motivating operations.
Reinforcement, as a process, refers to where environmental consequences
of behavior increase behavior, while punishment is where environmental
consequences decrease behavior (Catania, 2013). Utilitarian
consequences are consequences related to owning or using the product or
service, while informational consequences are consequences given by
other people (Foxall, 2017), such as friends and family. Antecedent events
may be discriminative stimuli or motivating operations. A discriminative
stimulus signals the availability of behavior-consequence relations
(Dinsmoor, 1995). Motivating operations are events that have a value-

altering effect on consequences or a behavior-altering effect on behaviors
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that have produced such consequences (Langthorne & McGill, 2009;
Michael, 1982). Establishing operations are events that increase the effect
of the consequences or evoke behaviors that have produced such
consequences, while abolishing operations are events that decrease such
consequences or abate behavior that has produced them. For instance,
giving money to the cashier when purchasing food items may be
maintained by gaining access to consuming a healthy product (utilitarian
reinforcement). Furthermore, a healthy food label may signal that the
relationship between giving money and gaining access to healthy products
holds in the presence of such labels (discriminative stimulus). In addition,
going a long period without eating healthy food may increase the value of
gaining access to healthy products and may increase behavior that has

produced such consequences before (establishing operations).

This model has been used to investigate different phenomena related
to consumer behavior. For instance, research exists on the motivating
effects of antecedent stimuli in webshops on the likelihood to purchase
(Fagerstram, 2010), on utilitarian and informational reinforcers from the
marketer related to co-value creation and their impact on verbal reports of
the likelihood to share the idea with the company (Fagerstrem, Bendheim,
et al., 2020), and on utilitarian and informational consequences in terms of
e-mail marketing related to the purchase of books (Sigurdsson et al., 2013).
Furthermore, several authors have suggested that future research should
aim to use the concept of rule-governed behavior in consumer behavior
research (Wells, 2014) because much of human behavior occurs in a social

context.
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Rule-governed behavior can be defined as behavior that is under the
influence of rules or contingency-specifying stimuli (Skinner, 1969). Rules
or instructions are verbal antecedent stimuli that describe the contingency
between the behavior and its consequences and antecedent stimuli. In the
behavior-analytic literature, behavior may be directly influenced by the
consequences or antecedent events of behavior, or behavior may be under
the indirect control of these environmental events through instructions or
rules. Such rules have a function-altering effect (Schlinger & Blakely, 1987),
meaning that environmental events may be altered as a function of such
rules. For instance, the consumer may encounter this text: “Look for the
healthy food label when you are at Tesco and buy such products. They are
healthy.” Such text may now change how these labels impact consumer
behavior, as they may act as discriminative stimuli, motivating operations,

or other antecedent stimuli.

There are several types of rules. For instance, Zettle and Hayes (1982)
suggest that rules may be described as tracks, plys, and augmentals.
Tracks are rules that influence rule-governed behavior because of the
correspondence between following the rule and the existing environmental
contingencies. Plys do this where rule-following is socially mediated by the
rule-giver. Lastly, augumentals do this by altering existing or previously
neutral consequences to function as reinforcers or punishers. Following
the previous example, the instruction may function as a track if buying is
maintained by the consequences described in the rule. Consumers may
follow it as a ply due to a family member delivering the statement, not due
to the consequence that is described in the rule. They may also follow this

statement because such a statement increases the value and behaviors
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related to gaining access to healthy products. Some authors have noted
that these terms may lack precision regarding experimental analysis of
behavior (Kissi et al., 2017). However, they may be useful as middle-level
terms rather than technical terms (Harte & Barnes-Holmes, 2021). Another
taxonomy for rules was proposed by Pelaez and Moreno (1998). They
suggest that rules may have different degrees of (a) explicitness in the
sense that they describe the full behavior, consequences, and antecedent
relation or only parts of these, (b) accuracy in that the rule indeed describes
future events correctly or not, (c) complexity in that the environmental
stimuli that are described consist of one or many dimensions, and (d)
source in that rules may be provided by others or by the individual
themselves. The rule “Look for the healthy food label when you are at Tesco
and buy such products. They are healthy.” is a full statement, may be
accurate for that store and consumer needs, and is complex in that it
describes multiple antecedent stimuli such as a label and a store, and that
the source of the rule may b a family member and prior history of rule-

following of that source will impact whether the rule will be followed.

There are some articles on rule-governed behavior within consumer
behavior analysis (see Fagerstrgm et al., 2010 for a conceptual overview).
For instance, Fagerstrgm et al. (2015) investigated how corporate social
responsibility statements, conceptualized as a rule, combined with
product quality, product wash, brand, and price, impacted verbal reports of
the likelihood of purchasing workout clothes. They found that price, brand,
product wash, corporate social responsibility, and product quality had the
most to least influence on the likelihood of purchasing workout clothes in

that order. Similarly, Eriksson and Fagerstrgm (2018) used a conjoint
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experiment to examine the impact of Wi-Fi review, Wi-Fi price, hotel rating,
brand, and price per night on verbal reports of the likelihood of booking
hotel rooms. Wi-Fi review and Wi-Fi price were conceptualized as rules in
that study. They found that hotel rating, price per night, Wi-Fi review, and
Wi-Fi price had the most to least impact on the likelihood of booking a hotel
in that order. In addition, Fagerstrgm et al. (2021) tested an up-sell offer
related to either product improvement or a lower price offer in an online
business-to-business retail experiment in a natural setting. They
conceptualized such up-sell offers as augmentals and found that the
conversion rate was 39% and revenue increased by 87.94% compared to a
control group. However, although there exists literature on self-generated
rules in general (Barnes-Holmes et al., 2001; Hayes et al., 1989) and it has
been mentioned in relation to consumer behavior analysis (Fagerstrgm &
Arntzen, 2013; Fagerstroam et al., 2011; Foxall & Sigurdsson, 2013), few
empirical articles exist on different sources of rule-givers in the context of

consumer behavior and their impact on healthy food behavior.

In the context of healthy food promoted by public policy measures,
such as front-of-package food labels, some research has suggested that
they may increase healthy food choices to some degree (Finkelstein et al.,
2021; Fuchs et al., 2022; Michels et al., 2023; Shin et al., 2020). For
instance, Fuchs et al. (2022) conducted a randomized controlled trial on
the nutritional quality of an individual’s weekly grocery shopping as a
function of a Chrome web browser extension that presented digital food
labels on food products. They briefly described what the healthy food label
system does, among other attributes of the shop. They found that

participants presented with such labels had, on average, higher nutritional
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quality than controls. Finkelstein et al. (2021) conducted a study to
investigate the impact of front-of-package food labels alone, in
combination with a physical activity equivalent label, and the absence of
such labels on online grocery shopping. They also presented instructions
on what the physical activity equivalent label shows. They found that
participants presented with the front-of-package labels purchased, on
average, a larger proportion of products with those labels compared to the
control group. However, no differences were found in the number of
calories per serving purchased, meaning that such labels do not
necessarily lead to healthier overall purchases. These studies indicate that
public policy healthy food labels in an online grocery store may increase

the likelihood of purchasing compared to the absence of such labels.

In the context of healthy food promotion by the retailer in an online
grocery store setting, some literature indicates that the retailer’s promotion
of healthy food has a mixed impact on increasing healthy food choices
(Bunten et al., 2022; Sigurdsson, Larsen, Alemu, et al., 2020; Zou & Liu,
2019). For instance, Zou and Liu (2019) examined the impact of nutrition
information on the interactional effects between this information and the
seller’s reputation in relation to healthy and unhealthy food products in
online grocery stores. They found that nutrition information increases food
sales, that seller reputation can moderate the influence of this information,
and that such information is more effective in increasing healthy products
than unhealthy products. Sigurdsson et al. (2020) conducted three studies
on variables that may increase fresh fish sales. In study 1, they investigated
the impact of other consumers’ product rating, procurement method,

country of origin, price, delivery, purchase state, and item signage on
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hypothetical online grocery shopping. Their results show that these
variables had the most to least impact on choice behavior in that order.
Regarding signage, their results show that “store’s choice” information had
a higher estimated impact than no signage. In contrast, Bunten et al. (2022)
conducted a study examining the influence of advertisement banners and
ingredient lists of healthier food products on purchases of such food
products. They stated that there was little evidence showing that healthier
products combined with such banners led to the purchase of healthier food
products. These studies indicate that the presence of retailers’ healthy
food labels in an online grocery store may increase the likelihood of

purchasing compared to the absence of such labels.

Several articles have examined the effect of self-generated rules on
rule-following in controlled settings and have found that rule-following
occurs when participants have the chance to form their own rules (e.g.,
Baumann et al., 2009; Harte et al., 2017; Rosenfarb et al., 1992). However,
few articles have investigated how self-generation of rules may occur when
defining which products are healthy, such as healthy food labeling made
possible by the use of digital technology and its impact consumer
preferences. Some research exists on how consumer preference may be
changed by introducing interventions that the consumer may impose on
themselves through the use of digital technology (Michels et al., 2023; Shin
et al., 2020) and what food products consumers consider healthy (Lusk,
2019). For instance, Michels et al. (2023) investigated the effects of
reducing color intensity on unhealthy food products on the choice of
products that have healthy food labels and how participants' choice is

moderated by presetting and self-imposing such color reduction. The study
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gave some participants instructions that specified the relationship between
selecting unhealthy food products and their health consequences. They
found that participants who were presented with a color reduction of
unhealthy food had fewer unhealthy food choices. Furthermore, they found
that participants in the self-imposing condition with the rule influenced the
selection of unhealthy food products. Furthermore, Shin et al. (2020)
investigated the effects of seven dynamic food labels compared to their
absence on grocery purchases in an online grocery store setting. A pop-up
window presented instructions on how to use these dynamic labels. The
participants could choose which of the seven types of information they
would be displayed for. They found that the diet quality of the purchases
was higher for participants who were presented with the label than
purchases for participants who were not presented with such labels.
However, these studies did not examine in combination what the individual
consumer views as healthy food products and how labels based on this
impact consumer preference. Furthermore, these studies have combined
whether participants would like to be presented with a healthy food
labeling system created by established food labeling systems through
public policy sources. The results might be different if the consumers were
to define what products they consider to be healthy. The majority of the
studies mentioned here on self-generated rules (Baumann et al., 2009;
Harte et al., 2017; Rosenfarb et al., 1992) and some studies related to
giving consumers the option to impose strategies on themselves (Michels
et al., 2023; Shin et al., 2020) indicate that these strategies may impact
rule-following or choice of healthy food products. Based on these studies,

one may expect that when consumers are given the option to define which
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products they consider healthy, such information may increase the

likelihood of purchasing compared to its absence.
3. Material and Methods
3.1 Participants

A total of 216 participants from Prolific.co were invited to participate
in the current study, and 204 participants completed it. The sample
consisted of a balanced sample of males and females in the United
Kingdom. They were told that the purpose of the study was to investigate
consumer behavior in a hypothetical online grocery store context, that they
would receive £9 per hour, and that the study would take approximately 13
minutes to complete. They were required to read and confirm an informed
consent form regarding their rights as research participants prior to their
participation, and they could end their participation at any time. No
personally identifiable questions were asked. This study was approved by
the Norwegian Agency for Shared Services in Education and Research (Ref.

No. 837021).
3.2 Setting, apparatus, and materials

This study took place in an online computer setting. First, Sawtooth
Software Lighthouse Studio 9.14.2 was used to present the procedure and
record participants’ responses. Second, Prolific.co was used to recruit
participants. Lastly, Excel and R with the conjoint package were used for
producing the experimental design in the conjoint experiment, and MASS,
olsrr, limtest, ggplot2, and other packages were used for data analysis and

visualization.

3.3 Procedure
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A pilot study consisting of 98 participants was undertaken. The
current study was updated to rule out grammar mistakes and confounding
variables, make changes to the procedure, update the list regarding food
items, and add new questions regarding consumer habits. Furthermore,
the participants from the pilot study were not invited to participate in this

study, and their responses were not used in the analysis of this study.

The first phase consisted of presenting the following text: Imagine
that you are doing some online grocery shopping. You selected the
products you wanted. You notice that the online grocery store has different
healthy food labels based on your virtual basket: Traffic-Light Healthy Bar,
Store’s Healthy Bar, and Your Healthy Bar. You decide to investigate what

these labels mean. Press “Next” to continue.

The second phase introduced information related to public policy,
retailers, and self-generated healthy food labels in random order. For the
public policy healthy food label, an empty blue bar with a zero-percentage
sign above it was presented with this instruction: This is the Traffic-Light
Healthy Food Label Bar. Participants had to press next, and this extended
information was presented underneath the bar: This label shows how many
products in your basket are labelled healthy by the Traffic Light Food
Labelling System. Specifically, it shows the percentage of products with at
least one green nutrient. Press “Next” to continue. Later, the participants
were presented with a picture of this label and with the three text options
(one of which was identical to the text described above) and were asked
what the label does. They were reintroduced to the label if they selected
options other than the one described above. They continued if they

selected the text identical to the one above. For the retailer’s healthy food
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label, an empty purple bar with a zero-percentage sign above it and with the
following instructions was presented: This is the Store’s Healthy Food Label
Bar. Similarly, participants had to press next, and this extended information
was presented underneath the bar: This label shows how many products in
your basket are labelled healthy by the store. Specifically, it shows the
percentage of products labelled healthy by the online grocery store. Press
“Next” to continue. Similarly, they had to select the one identical to the
instruction above to continue, or they were reintroduced to the label if they
selected the other options. For the self-generated healthy food label, an
empty indigo bar with a zero-percentage sign above it and with the following
instructions was presented: This is Your Healthy Food Label Bar. Similarly,
participants had to press next, and this extended information was
presented: This label shows how many products in your basket are labelled
healthy by your standards. Specifically, it shows the percentage of products
labelled healthy based on your perception of what healthy is. Press “Next”
to continue. Similarly, they had to select the one identical to the instruction
above to continue, or they were reintroduced to the label if they selected
any of the other options. Participants were later presented with a list of
different food products and the following instructions: Select which
products you consider healthy for Your Healthy Bar. They were required to
select at least 10 products from the list to proceed. The list consisted of 90
products derived from six food categories by the Eatwell Guide (Public
Health England 2018): (a) fruit and vegetables; (b) potatoes, bread, rice,
pasta, and other starchy carbohydrates; (c) dairy and dairy alternatives; (d)
beans, pulses, fish, eggs, meat, and other proteins; (e) oils and spreads;
and (f) foods to eat less often and in small amounts. There were 15

products per food category; all items were presented in random order, and
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the participants were required to select at least 10 items in that list in order

to proceed.

The third phase consisted of a conjoint experiment. Conjoint
experiments allow for decompositional models to identify which product
characteristic has the mostimpact on consumer behavior (Hair et al.,
2014). Participants were presented with the following information before
the conjoint experiment: You are now done with phase 1 and will start
phase 2. You have added your products to your virtual basket and are now
at the checkout of an online grocery store. You will now be presented with a
series of hypothetical purchase scenarios. These scenarios are
independent of each other, and your answer in one scenario does not
impact the next. This study used a single concept profile and full-profile
method; 16 profiles were presented to the participants, and one
experimental design was generated. A fractional factorial design was used,
and the levels of the independent variables were generated by using the
conjoint package in R. When presented with a profile, participants were
presented with this instruction: This virtual basket has the following
information and Moving your mouse cursor over “more info” gives you
extended information. On a scale from 1 (Definitely Would Not Purchase) to
7 (Definitely Would Purchase), how likely are you to purchase this order?
Hovering the mouse cursor over each label resulted in a presentation of the

text for each label described in the second phase.

The experimental design consisted of 16 profiles, which are shown in
Table 1. Each profile was presented to the participants in random order,
and an example trial is shown in Figure 1. The independent variables for this

study were public policy labels, retailer labels, self-generated labels,



PUBLIC POLICY, RETAILER, AND CONSUMER SELF-GENERATED LABELS
ON ONLINE GROCERY SHOPPING 20
delivery time, and price. The public policy label had a bar that was 70% full,
a bar that was 30% full, or an absence of such labels. The retailer label had
a bar that was 70% full, a bar that was 30% full, or an absence of such
labels. The self-generated label had a bar that was 70% full, a bar that was
30% full, or an absence of such labels. The delivery time had these levels:
30 minutes, Next day, and In two days. The price variable had the following
levels: £60, £70, and £80. The last two independent variables were added
to increase realism in the conjoint experiment. The dependent variable in
this study was participants’ preference in terms of verbal reports regarding
the likelihood of purchasing these hypothetical products on a 7-point scale.
Finally, 15 questions regarding consumer habits were asked. Participants
who stated that they had never ordered groceries online in question 1 were

later only presented with questions numbered 3, 9, 10, 13, and 15.
3.4 Data analysis

Several analyses were performed, including data analysis related to
the relationship between variables, regression diagnostics, the relative
importance of each independent variable, what food products the
participant selected to count as healthy, and answers regarding consumer
habits. First, multiple regression analysis with main effects was performed
using levels as categorical predictor variables, and the outcome variable
was the aggregated likelihood to purchase. A dummy coding approach
consisted of 0 for the absence and 1 for the presence of levels. The last
level in an independent variable was used as a reference category. The
estimates, standard error, t-value, and p-value were reported for each
level. For the overall model, multiple R?, adjusted R?, F-statistic, and p-

value of the model were used to examine the relationships between
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variables. Normality, linearity, homoscedasticity, multi-collinearity, and
influential data points were assessed. Normality was assessed by using a
histogram of the frequency of residuals of the model, a Q-Q plot, and a
Shapiro-Wilk normality test. Linearity was assessed by plotting residuals of
the model across estimated values and by using a Ramsey Regression
Equation Specification Error Test (RESET). Homoscedasticity was assessed
by plotting the square root of standardized residuals across estimates of
the model and by using a non-constant variance score test. Multi-
collinearity was assessed by using a generalized variance inflator factor
test. Influential data points were assessed by using Cook’s distance,
DIFFITS, and DFBETAS. Second, the relative importance of each
independent variable was presented (Orme, 2020). Finally, the participants
selected which food products were healthy, and questions regarding
consumer habits were presented. The dataset that contains each
observation, the regression diagnostics, and the R scriptis presented in

Supplementary Material.
4. Results

Out of the 216 participants who were invited, 204 participants
completed the study. The mean time to completion was 10.35 minutes, the
median was 9.12 minutes, the standard deviation was 5.075 minutes, and
the fastest and slowest participant took 3.45 and 43.55 minutes,

respectively.

The result of the multiple regression analysis is shown in Table 2. The
regression results show that verbal reports of the likelihood to purchase
when in the presence of the Traffic-Light Healthy Bar (TLHB) with 70% full

was estimated higher compared to the absence of such a label (the
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reference category), and that the estimates were lower when in the
presence of TLHB with a bar showing 30% compared to its absence. Similar
findings were found for the Store’s Healthy Bar (SHB) and Your Healthy Bar
(YHB). Furthermore, the results show estimates of verbal reports of
likelihood to purchase were higher in the presence of “30 minutes” and
“Next day” compared to “In two days” (the reference category). Lastly,
estimates of verbal reports of the likelihood to purchase were higher in the
presence of £60 and £70 compared to estimates of £80. The lowest
standard error of the estimates was 0.0243, and the highest was 0.0383. All
of the estimates were statistically significant except for estimates from the

£60 predictor.

The overall model had a multiple R? of 32.36%, adjusted R?was
32.15%, and the F-statistic was 115.6 with a p-value of less than 0.05.
Normality assumptions are mixed, as the histogram of the frequency of
residuals of the model (SA Figure 1) indicates some characteristics of a
normal distribution by visual inspection, the Q-Q plot indicates normal
distribution by visual inspection (SA Figure 2.), the Shapiro-Wilk normality
test had a value of 0.9937 with a p-value of less than 0.05 (which does not
indicate normality), and the skewness of the residuals was -0.009. Linearity
assumptions were met as the residuals across estimated values indicate
linearity (SA Figure 3), and the RESET had a value of 2.652 with a p-value of
0.070, which indicates linearity. Homoscedasticity assumptions are mixed
as the squared root of standardized residuals across fitted values indicates
homoscedasticity (SA Figure 4) by visual inspection and the non-constant
variance score test was 43.33 and had a p-value less than 0.05, which does

not indicate homoscedasticity. Multi-collinearity assumptions were met as
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the generalized variance inflation factor results for the independent
variables are close to 1.0, which indicates a lack of multi-collinearity, as
shown in SA Table 1. Influential data points were observed affecting the
overall model as several data points surpassed the threshold of 0.001 in
Cook’s distance (SA Figure 5) and several data points surpassed the
threshold of 0.12 in DFFITS (SA Figure 6). Influential points affecting the
coefficients were also observed where several data points surpassed the

threshold of 0.04 in DFBETAS (SA Figure 7).

The relative importance score shows that YHB, TLHB, and SHB had
the most to least relative impact on verbal reports of likelihood to purchase
in that order, as shown in Figure 2. The relative importance scores were
derived by finding the variability range of estimates within an independent
variable for all independent variables, summing these variability ranges,
and then each relative impact score for each independent variable was
calculated based on the variability range of the independent variable under
investigation divided by the sum of all variability ranges of the independent

variables.

The food products that were selected as healthy by the participants
are presented in Figure 3. Based on the food categories, fruit and vegetable
food items were considered the healthiest based on the mean of food
products that were selected. In second place, the averages of food items
that were selected to be healthy based on food categories were beans,
pulses, fish, eggs, meat, and other proteins. In third place, potatoes, bread,
rice, pasta, and other starchy carbohydrates were selected as healthy. In
fourth place, dairy and dairy alternatives were selected to be healthy. In

fifth place, oils and spreads were considered to be healthy. In the last
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place, foods to eat less often and in small amounts were selected. The food
product that the majority of the participants considered healthy is carrots,
and the least healthy is American muffins. Within the fruit and vegetable
category, the mean number of items that were selected to be healthy
across all items based on all participants was 169.06, with carrots being
the most selected and kiwis the least selected. Within the potatoes, bread,
rice, pasta, and other starchy carbohydrates category, the mean was 73.13,
with oats being the most selected and white bread being the least selected.
Within dairy and dairy alternatives, the mean was 59.93, with natural
yoghurt being the most and blue cheese being the least selected. Within
the beans, pulses, fish, eggs, meat, and other proteins category, the mean
was 108.45, with eggs being the most selected and bacon being the least
selected. Within the oils and spreads category, the mean was 56.26, with
olive oil being the most and ketchup being the least selected. Within the
foods to eat less often and in small amounts category, the mean was 13,

with honey being the most and American muffins being selected the least.

The answers from the consumer habit questions are shown in Table
3. The majority of the consumers self-reported that they order groceries
online at least once a month, that they have not seen other healthy food
labels that are made possible by the use of technology, that they manage to
find products when ordering from online grocery stores, and that the
delivery time is not too long. Furthermore, the majority stated that they do
not think that there are too many online grocery stores to choose from, they
prefer to use physical stores, their initial reaction to these labels in an

actual online grocery store is positive, and they find healthy food labels
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helpful. When it comes to the rest of the questions, the majority of the

participants answered, “To some extent.”
5. Discussion

This study investigated the impact of three healthy food labels
enabled by technology from different sources. Specifically, this study
investigated how technology-enabled healthy food labels that are based on
public policy, retailers, and the individual consumers making the orders
themselves may impact verbal estimations of the likelihood of purchasing
products in a hypothetical online grocery store context. This study
contributes to the literature regarding how simplified information that is
made possible by using digital technology may influence healthy food
preferences. In addition, this study investigated how different rules or
instructions related to those sources may alter healthy food labels that are
otherwise arbitrary logos or symbols and the relative impact of such labels
on consumer behavior. To the best of our knowledge, this is the first study

to do so.

These results show that the consumer self-generated, public policy,
and retailer technology-enabled healthy food label had the most to least
relative importance for verbal reports related to the likelihood of
purchasing online grocery orders in that sequence. A technology-enabled,
healthy food label bar, based on the products in the virtual basket and that
had a 70% symbol was associated with higher preference compared to its
absence. Moreover, the results show that such labels with a 30% symbol
were associated with less preference compared to its absence. These
findings applied to all three labels. Moreover, this study found that there

may be a mismatch between which food products are counted as healthy
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food in public policy guidelines and which are deemed as healthy food
products by consumers. Specifically, this study used six food categories
based on the Eatwell Guide, which recommends that products within some
categories be consumed more than others. This study found that products
belonging to the beans, pulses, fish, eggs, meat, and other proteins
category were considered healthier on average than potatoes, bread, rice,
pasta, and other starchy carbohydrates. The latter category is
recommended to be eaten more often than the former by the Eatwell
Guide. Lastly, more participants in this study stated that they either do look
for healthy food labels when doing grocery shopping compared to not
looking for such labels, that they prefer to use physical stores or both
physical and online stores, and that their initial reaction if they saw one of

these labels in an actual online grocery store would be positive.

In relation to the literature, this study examined how rules or
instructions impacted three different healthy food labels that were
otherwise arbitrary logos or symbols enabled by technology. The rules in
this study were the textual explanations of what the label did or was said to
represent. These rules were contingency-specifying stimuli that altered
antecedent stimuli, which were the arbitrary healthy food label bars. The
rules in this study were partial rules in that they did not describe the
consequences of purchasing such products, complex in the sense that
they describe several relations between antecedent stimuli, such as the
bar being in relation to the percentage sign and several products, and the
rules were given by different sources. Another point is worth mentioning.
The literature points to the presence of such labels generally increasing

consumer preference related to food products. Although that may be the
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case, there may also be particularities in how the overall basket consisting
of items with these labels is presented to the consumers. As indicated by
the results in this study, a healthy food label bar with a higher percentage
was associated with higher preference compared to its absence, but a
lower percentage was associated with less preference compared to its
absence. Even when labeling practices are enforced by public policy
measures, by third-party certification, or implemented by the store itself,
they may influence the consumers not to purchase products if they are
below a certain threshold. The findings of this study in the context of

previous literature must be interpreted with this in mind.

In the context of healthy food promoted by public policy measures,
the findings of this study are, to some degree, consistent with the findings
from the literature. In this sense, the label in this study highlighted only
healthy and not unhealthy products. Furthermore, Fuchs (2022) found that
a Chrome web browser extension that presented digital food labels on
individual products was associated with a higher choice of products with
higher nutritional quality on average compared to the control group. In
addition, Finkelstein (2021) found that adding a healthy food label in terms
of how healthy the overall product was or in combination with physical
activity labels increased the purchase of such products on average
compared to the absence of such labels. Overall, these findings are
consistent with the findings of this study, as the presence of a public
policy-based technology-enabled healthy food label is associated with

higher preference compared to its absence.

In the context of healthy food promoted by the retailer, the findings of

this study are, to some degree, consistent with findings from the literature.
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Zou and Liu (2019) found that nutritional information may increase food
sales in online grocery stores, that the seller’s reputation can moderate
such relations, and that such information may increase sales of healthier
foods. This study found that healthy food labels defined by the store
increased preference on average when the entire basket was healthy
compared to its absence. However, the seller’s reputation was not taken
into consideration in this study. Furthermore, Sigurdsson et al. (2020)
found that item signage consisting of “Store’s Choice” was associated with
a higher choice of salmon compared to a “Top Seller” and the absence of
such signage in a hypothetical online grocery store setting in study 1. In
study 2, they found “Top Seller” to be more impactful and “Store’s Choice”
to be less impactful on choice than the absence of item signage in a
hypothetical physical store. In study 3, they found that relative sales of
products were higher in the presence of a “Store’s Choice” and “Top
Seller” compared to their absence in an in-store setting. Lastly, Bunten et
al. (2022) conducted an experiment where one group of customers saw
advertisement banners and recipe ingredient lists that had healthier
products than the other control group. They found that promotions based
on healthier or standard products did not differ. This current study builds
on this research and suggests that the promotion of healthy food by the
store, presented through the use of digital technology, is at least
associated with higher preference compared to its absence. Overall, these
findings are consistent with the findings of this study, as the presence of a
retailer-based technology-enabled healthy food label was associated with

higher preference compared to its absence.
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In the context of healthy food that is defined by the consumer who
makes the order, this study's findings are, to some degree, consistent with
the literature on self-generated rules and the self-imposing of healthy food
interventions. In general, the results of this study are similar to studies in
relation to the self-generation of rules and rule-following, as participants
tend to emit behaviors that are consistent with the self-generation of rules
compared to their absence (Baumann et al., 2009; Harte et al., 2017;
Rosenfarb et al., 1992). When it comes to interventions that allow self-
imposing interventions to promote healthy food choices, the results of this
study are, to some degree, consistent with previous studies. For instance,
this study shows some similarities with the study conducted by Michels et
al. (2023) in the sense that healthy food labeling increases healthy food
choices. However, it is worthwhile to mention that they found such effects
to be statistically significant when investigating the reduction of unhealthy
food choices, while the increase in healthy food choices as a function of
self-imposing intervention had the lowest p-value compared to healthy
food choices estimated by providing the rule. Furthermore, this study
indicates similar results to those of Shin et al. (2020). They found that
participants who were presented with the label made more purchases of
products with diet quality and less sugar and sodium than those who were
not presented with such. Similarly, this study found that a higher degree of
products that the consumers consider healthy when presented by healthy
food labels impacted the likelihood of purchasing than did lower levels.
Overall, this study found that the presence of labels that encouraged the
participants to define what they consider healthy food products impacted

preference to a higher degree than labels that were in relation to rules that
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described how healthy the virtual basket was based on public policy or

retailers’ rules.

There are several alternative explanations that can shed some light
on these results. First, delivery time and price had a low relative impact
score compared to the technology-enabled healthy food labels. These
findings may occur due to the scenario that was presented at the start of
the conjoint experiment. The scenario consisted of the participants
imagining that they were to do online grocery shopping, that they had
selected the products that they wanted, and that they were at the checkout
of the store. One possible explanation is that the consumers may have
already taken the delivery time and price into consideration when adding
their products to the basket, and not that the participants are insensitive to
those variables in real purchase situations. Second, there exists little
academic research investigating how arbitrary logos or symbols made
possible by digital technology acquire their function on consumer behavior,
but some participants indicated that they had seen such labels in actual
online grocery stores. Lastly, although this study investigated how
technology-enabled healthy food labels based on self-generated rules by
consumers impact verbal reports of likelihood to purchase, it is worthwhile
to mention that the rule that altered the arbitrary bar of the virtual basket
had both components of rules given by the store and self-generated rules.
The rule for self-generated healthy food labels specifically asked
participants to show how many products in the basket they considered
healthy based on their perception of what healthy food products were. In

this sense, their choices were under the influence of the rule that described
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how the label works and under consumers’ self-generated rules when they

were asked to evaluate what they consider to be healthy food products.

The findings of this study must be considered in relation to its
limitations. First, this study presented hypothetical profiles and used verbal
estimations of the likelihood of purchasing, and this may not be directly
generalized to actual purchases, although it can give some indication.
Second, although the study had a balanced percentage of males and
females, this was not checked directly, and this study asked minimal
socio-demographical questions. Third, these results may be particular to
using Prolific.co in the United Kingdom as a sample and may not generalize
to other populations. Fourth, the store’s healthy food label bar did not refer
to any specific store, as consumers may react differently to different
stores. Finally, the introduction of the technology-enabled healthy food
labels started out with a zero-percentage reference point, and this study

did not control for reference effects.

These findings raise several managerial implications. In particular, it
raises implications for the use of technology-enabled healthy food labels
where the consumers themselves may be given the choice to define what
products they consider to be healthy. First, such labels may be more
effective in increasing product preference compared to using healthy food
labels based on public policy measures such as the traffic-light food
labeling system or based on what the store considers healthy foods.
Implementing these labels into online grocery stores may increase
preference for such products. Second, online grocery stores may, to some
degree, combine healthy food labeling based on which products the

consumers consider to be healthy with the promotion of specific products.
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Presenting a list of all possible products or product categories may require
too much response effort for the consumers. The store may select a subset
of items that it wants to promote and ask participants which of these
products they consider to be healthy. A consumer may then be presented
with a bar indicating the percentage of products that have these
characteristics at checkout. In addition, an online grocery store may decide
not to give the consumers the option to select unhealthy food products by,
for instance, not allowing them to select products such as “doughnuts,”
“ice cream,” or “chocolate.” Allowing for certain items to be regarded as
healthy when they are not may backfire. One solution to this is to introduce
the option to select some unhealthy food products up to some criteria. This
would be reasonable considering that a healthy diet consists of several
products that are consumed over time, and a healthy diet does not equate
to only consuming healthy individual products. Moreover, online grocery
stores may use this information to identify consumers’ wants and needs
related to healthy food products. Similar to promotion, the online grocery
store can also combine healthy food labeling based on which products the
consumer considers to be healthy with some food thatis considered
healthy by other sources. For instance, one may present a list of healthy
food products that are defined as healthy according to public policy
measures, present the list to the consumers, and ask them to select which
ones they consider healthy. This may also be used based on a list of food
products that other consumers think are healthy. Lastly, the online grocery
store may decide to only present such labels when consumers have
reached a minimum score based on how healthy the virtual basket is. This
may decrease the aversive events related to shopping for healthy food

products and may make grocery shopping more pleasant.
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This research provides several opportunities for future work within
healthy food labels that are made possible by using digital technology.
First, this study found that a technology-enabled healthy food label bar
based on the virtual basket and that has a 70% symbol is preferred in the
absence of such information. However, the order was less preferred if it
had 30% compared to the absence of such information. Future research
could examine what values cause consumers to be indifferent to
purchasing such a product. Second, it may be the case that the individual
consumer may consider that a food product is healthy at one pointin time
and not at another point in time. One further research direction is to
examine how often a consumer may be allowed to change their definitions
of what products they consider to be healthy. That is, one may investigate
how (a) the possibility of updating what products they consider to be
healthy moderates (b) the effectiveness of such labels on (c) consumer
behavior. The possibility of updating their definitions can be set at different
minimum time intervals, such as after every 24 hours, a week, a month, and
four months after the consumers have defined their healthy foods. This
may change the effectiveness of these labels. Another research direction
would be to investigate whether consumers will continue to choose the
products that they have chosen in the past when the food products are no
longer considered healthy. Furthermore, the self-generated labels and their
impact on consumer preference could be investigated in relation to topics
on autonomy (Skinner, 1972), consumer engagement (Sigurdsson, Larsen,
Sigfusdottir, et al., 2020), and ownership (Foxall, 2017). First, whether these
labels ensure autonomy in reducing aversive events, such as warning
labels, could be investigated. Second, these labels could influence what

consumers think, do, and feel about brands, and this could be explored.
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Lastly, obtaining products that promote health is an aspect related to
owning and using the product. Hence, research on whether these labels
better function as discriminative stimuli for utilitarian reinforcement than

other labeling systems could be investigated.
6. Conclusions

This study investigated the impact of healthy food labels made
possible by using digital technology on consumer preference. Specifically,
this study investigated technology-enabled healthy food labels’ impact on
verbal reports of the likelihood of purchasing hypothetical grocery orders
using online grocery stores. It did so by investigating three different sources
of what counts as healthy products on consumer preference. The results
show that consumer self-generated, public policy, and retailers’ definitions
of healthy products had the most to least relative impact on consumer
preference in that order. Furthermore, the results show that consumers
view food products high in protein as more healthy than starchy
carbohydrates, which indicates a difference between what public policy
measures recommends consumers to eat more of and what consumers
consider healthy foods. In addition, most consumers stated that they
would react positively if they saw these technology-enabled labels in a real
online grocery store setting. Online grocery stores may use consumer self-
generated technology-enabled healthy food labels to increase revenue by

increasing preference for healthy food products.
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Table 1

Concept Profiles, the Independent Variables, and Their Corresponding

46

Levels
Traffic Store's Your
Concept Light Delivery
Price
profile Healthy Healthy Bar Healthy Bar time
Bar
1 30% 70% 70% 30 minutes £60
2 30% 30% Absent 30 minutes £60
3 Absent 70% 70% Nextday £60
4 70% Absent 30% Nextday £60
In two
5
70% 70% 30% days £60
In two
6
Absent Absent Absent days £60
7 Absent Absent 30% 30 minutes £70
8 70% 70% Absent 30 minutes £70
9 30% 30% 30% Nextday £70
10 Absent 70% Absent Nextday £70
In two
11
30% Absent 70% days £70
12 70% Absent 70% 30 minutes £80
13 Absent 30% 30% 30 minutes £80
14 30% Absent Absent Nextday £80
In two
15
70% 30% 70% days £80
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In two

16
30% 70% 30% days £80

Note. This table shows each concept number, theirindependent
variables, and their corresponding levels. These were shown in random

order.
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Table 2

Results From the Multiple Regression Analysis

48

Predictor variables Estimate SE t-value p-value

Intercept 4.21440 0.02432 173.297 0.000000
Traffic Light Healthy Bar: 70% 0.56632 0.03492 16.219 0.000000
Traffic Light Healthy Bar: 30% -0.43172 0.03274 -13.188 0.000000
Store’s Healthy Bar: 70% 0.52704 0.03395 15.5188 0.000000
Store’s Healthy Bar: 30% -0.34777 0.03832 -9.075 0.000000
Your Healthy Bar: 70% 0.87228 0.03492 24.982 0.000000
Your Healthy Bar: 30% -0.65885 0.03274 -20.127 0.000000
Delivery time: 30 minutes 0.13691 0.03274 4.182 0.000029
Delivery time: Next day 0.12276 0.03478 3.530 0.000421
Price: £60 0.05810 0.03290 1.766 0.077465
Price: £70 0.21458 0.03499 6.133 0.000000

Note. This table shows the results from the multiple regression analysis.

Predictor variables are in the first column, estimates in the second,

standard error (SE) in the third, t-value in the fourth, and p-value in the

last column.
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Results From the Consumer Habit Questions
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Questions n %
Behavior

How often do you order groceries online?

At least once a week. 45 22%
At least once a month. 55 27%
At least once every 2nd or 3rd month. 30 15%
At least once every 6th month. 15 7%
At least once every year. 33 16%
| have never ordered groceries online. 26 13%
Do you find that ordering groceries online

requires a lot of effort on your part?

Yes. 35 20%
To some extent. 80 45%
No. 63 33%
Do you spend time figuring out whether a food

product is healthy when grocery shopping?

Yes. 42 21%
To some extent. 114 56%
No. 48 24%
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Do you find it expensive to do online grocery

shopping?
Yes.

To some extent.

No.

Do you look for healthy food labels when doing

grocery shopping?

Yes.
To some extent.

No.

Have you seen other healthy food that are made

possible by the use of technology in online

grocery stores?

Yes.

No.

Consequences

Do you manage to find the product you want

when ordering food from online stores?

Yes.
To some extent.

No.

52
85
41

48
90
40

39
139

94
80

29%
48%
23%

27%
51%
22%

22%
78%

53%
45%
2%

50
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Do you find online grocery stores reliable in

providing the products you ordered?

Yes.
To some extent.

No.

Do you think the delivery time for online grocery

shopping is too long?

Yes.
To some extent.

No.

Antecedent Stimuli

Do you think there are too many online grocery

stores to choose from?

Yes.
To some extent.

No.

Through what channel do you prefer to shop for

groceries?

| prefer to use physical stores.

| prefer to use online stores.

| prefer to use both physical and online stores.
| use both, but | mostly prefer physical stores.

| use both, but | mostly prefer online stores.

71
87
20

25
58
121

18
40
146

67
18
41
36
16

40%
49%
11%

12%
28%
59%

9%
20%
72%

38%
10%
23%
20%
9%

51
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What would your initial reaction be if you saw

one of the labels in this study in an online

grocery store?

It would be positive.
It would be neutral.

It would be negative.

Do you find information about healthy food

labels helpful or confusing?

| find information related to healthy food labels
helpful.
| find information related to healthy food labels

confusing.

Do you find it easy to spot healthy food labels

when you do your online grocery shopping?

Yes.
To some extent.

No.

Are you willing to purchase healthy food

products at a higher price?

Yes.
To some extent.

No.

104
70

167

37

49
88
41

33
124
47

58%
39%
2%

82%

18%

28%
49%
23%

16%
61%
23%

52
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Note. This table shows the consumer habit questions, response options,
number of participants that selected each response, and percentage of

responses to each question.
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Figure 1

An Example Trial in the Conjoint Experiment

PHASE 2

This virtual basket has the following information:

Store's Healthy Bar (more 'Efo)

This label shows how many products in your
basket are labelled healthy by the store.

Specifically, it shows the percentage of products
- Jabelled healthy by the online grocery store.
>
Your Healthy Bar (more info)

Delivery Time
30 minutes

Price
£80

Moving your mouse cursor over “more info” gives you extended information. On a
scale from 1 (Definitely Would Not Purchase) to 7 (Definitely Would Purchase), how
likely are you to purchase this order?

Note. This example trial shows profile 13. Labels were adapted from:
Progress loading bar. Vector download graphic. 10 to 100 completed stock
illustration (Elena_Garder, 2021). Retrieved from:

https://www.istockphoto.com/vector/progress-loading-bar-vector-

download-graphic-10-to-100-completed-gm1321814717-

407954095?phrase=progress+loading+bar
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Figure 2

The Relative Importance Scores for the Independent Variables

40.77066

404

w
o

26.57564

23.29429

Relative Importance (%)
n
o

5.7138
3.64562
04 - -
Traffic Light Healthy Bar Store's Healthy Bar Your Healthy Bar Delivery Time Price

Independent Variables

Note. The relative importance is indicated on the vertical axis and each

independent variable is shown at the vertical axis.



PUBLIC POLICY, RETAILER, AND CONSUMER SELF-GENERATED LABELS
ON ONLINE GROCERY SHOPPING 56
Figure 3

Healthy Products that Were Selected by the Participants

Apples
Bananas
Berries
Grapefruit

Carrots
Caulifiower
Onions
Tomatoes
Cucumbers
Lettuce
Spinach
Potatoes
White bread
Rice

Bagels
Tortilla
Baguettes
Oats

Pasta
Couscous

Dairy-free cheese
Lactose-free cheese
Blue cheese

Whole milk

Fat-free milk
Lactose-free milk

reek yoghurt
Lactose-free yoghurt

Cream cheese

Beef
Pork
Chicken
Bacon
Tuna

Food Products

Cod
Haddock
Salmon
Sardines

Beans
Vegetable oil
Rapeseed ol

Olive oil
Sunflower oil
Avocado oil
Peanut oil
Coconut ol
Aioli
Guacamole
Hummus
Ketchup

Peanut butter
Pesto sauce
alsa

Biscuits
Chocolate
weets
Pudding
Pastries

Ice cream
Jam

Mayonnaise
oughnut
American muffins
L

0 25 50 75 100
Selected to be Healthy (%)

Note. The vertical axis shows the food item and the horizontal axis shows
the percentage of participants that selected the corresponding food item
as healthy. Percentage was calculated by dividing the number of
participants who selected the food product by the total number of

participants who completed the study.
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Traffic-Light Healthy Bar

Option 1 (correct): This label shows how many products in your basket are
labelled healthy by the Traffic Light Food Labelling System. Specifically, it

shows the percentage of products with at least one green nutrient.

Option 2: This label shows how many products in your basket are labelled
unhealthy by the Traffic Light Food Labelling System. Specifically, it shows

the percentage of products with at least one red nutrient.

Option 3: This label shows the salt content in your basket. Specifically, it

shows the percentage of the recommended salt content for a week.
Store’s Healthy Bar

Option 1 (correct): This label shows how many products in your basket are
labelled healthy by the store. Specifically, it shows the percentage of

products labelled healthy by the online grocery store.

Option 2: This label shows how many products in your basket are labelled
unhealthy by the store. Specifically, it shows the percentage of products

labelled unhealthy by the store.

Option 3: This label shows how many healthy products in your basket are
on discount. Specifically, it shows the percentage of healthy products that

were on discount.
Your Healthy Bar

Option 1 (correct): This label shows how many products in your basket are
labelled healthy by your standards. Specifically, it shows the percentage of

products labelled healthy based on your perception of what healthy is.



PUBLIC POLICY, RETAILER, AND CONSUMER SELF-GENERATED LABELS
ON ONLINE GROCERY SHOPPING 58
Option 2: This label shows how many products in your basket are labelled
healthy by other similar consumers. Specifically, it shows the percentage

of products labelled healthy based on other consumers' evaluations.

Option 3: This label shows how many products in your basket are labelled
unhealthy by your standards. Specifically, it shows the percentage of

products labelled unhealthy based on your choices.
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SA Table 1

Generalized Variance Inflation Factor Test

Generalized
Generalized
Degrees  Variance Inflation

Variance
Independent variables of Factor

Inflation

Freedom *(1/(2*Degrees of
Factor
Freedom))

Traffic-Light Healthy Bar 1.145469 2 1.03514
Store’s Healthy Bar 1.184373 2 1.043211
Your Healthy Bar 1.135369 2 1.034514
Delivery Time 1.145369 2 1.034514

Price 1.214445 2 1.049771
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library(conjoint)
library(ggplot2)
library(broom)
library(tidyverse)
library(MASS)
library(Imtest)
library(BrailleR)
library(olsrr)
library(moments)
library(car)
library(dplyr)
library(tidyr)
library(reshape?2)
library(readr)

library(psych)

Dataset <- read_csv("Dataset.csv")

View(Dataset)
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# Creating all possible combinations of the levels.
sources <- expand.grid(
TLHFLB = c("TL70%", "TL30%", "TLabsent"),
SHFLB =c("S70%", "S30%", "Sabsent"),
YHFLB = c("Y70%", "Y30%", "Yabsent"),
DeliveryTime = c("30 min", "Next day", "In two days"),

Price = c("60GBP", "70GBP", "80GBP"))

# Creates a fractional factorial design based on IVs and levels.
sourcesfactdesign <- caFactorialDesign(data = sources, type = "fractional")

print(sourcesfactdesign)

# Recodes fractional factorial design to have 1 as the first level, 2 as the

second,

# and 3 as the third. It prints a correlation matrix of these.
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prof=caEncodedDesign(design=sourcesfactdesign)
prof
print(cor(prof))

write.csv(prof, "C:/Users/nilj002/Desktop/Files/Research articles in
progress/What is healthy anyways Conjoint Experiment/copydesign.csv",

row.names=FALSE)

# Level names are written here.

levelnames = c("TL70%", "TL30%", "TLabsent",
"S70%", "S30%", "Sabsent",
"Y70%", "Y30%", "Yabsent",
"30 min", "Next day", "In two days",
"60GBP", "70GBP", "80GBP")

print(levelnames)

# Import the dataframe here (Data has been imported by using "Import

Dataset")
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wholedata <- Dataset

wholedata <- as.data.frame(Dataset)

# Create dataframe for conjoint experiment

conjointexperimentdata <- wholedata[, colnames(wholedata)[c(113:128)]]
# Create dataframe for Healthy Food selected

healthyfoodselecteddata <- wholedata[, colnames(wholedata)[c(23:112)]]
# Create dataframe for consumer habit

consumerhabitdata <- wholedata[, colnames(wholedata)[c(129:143)]]

# Call the original Conjoint function with effects coding

Conjoint(conjointexperimentdata, prof, levelnames)

# Additional functions were used from this source:

https://rdrr.io/cran/conjoint/src/R/ENGINE.R#sym-utilities

# NEwcaUtilities is used to use other functions of the model in order to

check for model
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# assumptions. Conjoint() alone cannot do this. Dummy variable coding is

used here instead

# of effects coding.

NewcaUtilities <- function (y, X, z)

{

options(contrasts = ¢("contr.sum", "contr.poly"))
outdec <- options(OutDec =".")
on.exit(options(outdec))

options(OutDec =",")

y <- m2v(y)

m <- length(x)

n <- nrow(x)

S <-nrow(y)/n

Xxnms <- names(x)

ynms <- names(y)

xtmp <- paste("factor(x$", xnms, sep ="", paste(")")) ##########
xfrm <- paste(xtmp, collapse = "+")

non_n
~

yfrm <- paste("y$", ynms, sep ="", "~")
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frml <- as.formula(paste(yfrm, xfrm))
Lj <- vector("numeric", m)
for (jin 1:m){
Lj[i] <- nlevels(factor(x[[xnms[j]1]))
}
x <- as.data.frame(matexpand(m, n, S, x))

camodel <- Im(y$tmp ~ factor(x$TLHFLB) + factor(x$SHFLB) +
factor(x$YHFLB) +

factor(x$DeliveryTime) + factor(x$Price))
#New code is added here
print(summary.lm(camodel)) # Summary of code is added here
u <- as.matrix(camodel$coeff)
intercept <- u[1]
ul <- utilities(u, Lj)
utlsplot(ul, Lj, z, m, xnms)
uli <- c(intercept, ul)

return(camodel)
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m2v <- function (y, w = TRUE)
{
y <- as.matrix(y)
if (w) {
S <- nrow(y)
n <- ncol(y)
}
else{
S <-ncol(y)
n <- nrow(y)
}
tmp <-vector("numeric", S * n)
k<-0
for (iin 1:S){
for (jin 1:n){
k=k+1
if (w)
tmp[k] <-y[i, j]

else tmp[k] <-y[j, i]
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}

ytmp <- as.data.frame(tmp)

return(ytmp)

matexpand <- function(m, n, S, x)
{
N <-n*S
X <- matrix(0, N, m)
k<-1
for(sin 1:S)
{
for(iin 1:n)
{
for(j in 1:m) {X[k,j] <- x[i,j1}

k <-k+1

}

colnames(X) <- names(x)
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return(X)

utilities <- function(u, Lj)
{
m <- length(Lj)
L <- sum(Lj)
p <- length(u)
b <-vector("numeric", p-1)
ul <- vector("numeric", L)

for(iin 1:(p-1)) {b[i] <- u[i+11}

for(jin 1:m)
{

tu<-0

L<- Lj[j]-1
for (kin 1:l)

{

i <-i+1
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ulfi] <- b[h]
tu <- tu+ul[i]

h<- h+1

i<-i+1
ul[i] <- -tu
}

return(ul)

utlsplot<-function(ul,Lj,z,m,xnms)
{
zz<-as.matrix(z)
i<-1
for(jin 1:m)
{
(<-Lj[j]
lb<-vector("numeric",l)
In<-vector("character",l)

for (kin 1:1)

76
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(b[k]<-ul[i]

In[k]<-zz[i]

i<-i+1
}
a<-abs(min(lb))+abs(min(lb))
b<-abs(max(lb))+abs(max(lb))
dev.new(width=5,height=5,pointsize=9)
barplot(lb,ylim=c(-a,b),ylab="utility",xlab=xnms[j],names.arg=Lln)

}

return(0)

# Runs the regression analysis (ignore the plots of the effects coding

estimates, see the console for dummy variable coding)
model <- NewcaUltilities(y=conjointexperimentdata, x=prof, z=levelnames)

summary(model)
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ols_plot_added_variable(model)

# General diagnostics test for regression analysis. Visual test of linearity,
# homosckedasticity, normality of predicted errors, and outliers.
plot(model)

# Normal distribution test

hist(residuals(model))

shapiro.test(rstandard(model))

skewness(residuals(model))

# Linearity test

plot(y = resid(model), fitted(model))

resettest(model)

# Homoskcedasticity test

ncvTest(model)

plot(fitted(model), sqrt(abs(rstandard(model))))

# Multi-collinearity

vif(model)

# Outliers, influential and leverage points
plot(cooks.distance(model))

plot(dffits(model))

ols_plot_dffits(model)
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ols_plot_cooksd_chart(model)

ols_plot_dfbetas(model)

#Additional test

WhereXY(y=residuals(model), fitted.values(model)) #test for overlapping

datapoints
print(round(cov(prof),5))

print(round(cor(prof), 5))

#Calculating relative importance by finding the range of

#estimates within one independent variable.

rangevaluesTLHB <- ¢(0.56632, -0.43172)
rangevaluesSHB <- ¢(0.52704, - 0.34777)
rangevaluesYHB <- ¢(0.87228, - 0.65885)

rangevaluesDeliveryTime <- ¢(0.13691, - 0)
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rangevaluesPrice <- ¢(0.21458, - 0)

sum(rangevaluesTLHB, rangevaluesSHB,rangevaluesYHB,

rangevaluesDeliveryTime, rangevaluesPrice)

rangeTLHB <- diff(range(rangevaluesTLHB))

rangeSHB <- diff(range(rangevaluesSHB))

rangeYHB <- diff(range(rangevaluesYHB))
rangeDeliveryTime <- diff(range(rangevaluesDeliveryTime))
rangePrice <- diff(range(rangevaluesPrice))

rangeTLHB

rangevaluesSHB

rangevaluesYHB

rangevaluesDeliveryTime

rangevaluesPrice

sum(rangeTLHB, rangeSHB, rangeYHB, rangeDeliveryTime, rangePrice)

#Relative Importance value of the estimates

#Traffic Light Healthy Bar
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RellmpValTLHB <- (rangeTLHB / (rangeTLHB + rangeSHB + rangeYHB +

rangeDeliveryTime + rangePrice))
#Store's Healthy Bar

RellmpValSHB <- (rangeSHB / (rangeTLHB + rangeSHB + rangeYHB +

rangeDeliveryTime + rangePrice))
#Your Healthy Bar

RellmpValYHB <- (rangeYHB / (rangeTLHB + rangeSHB + rangeYHB +

rangeDeliveryTime + rangePrice))
#Delivery Time

RellmpValDeliveryTime <- (rangeDeliveryTime / (rangeTLHB + rangeSHB +

rangeYHB + rangeDeliveryTime + rangePrice))
#Price

RellmpValPrice <- (rangePrice / (rangeTLHB + rangeSHB + rangeYHB +

rangeDeliveryTime + rangePrice))

#Checking if these adds up to 100%

sum(RellmpValTLHB, RellmpValSHB, RellmpValYHB,

RellmpValDeliveryTime, RellmpValPrice)



PUBLIC POLICY, RETAILER, AND CONSUMER SELF-GENERATED LABELS
ON ONLINE GROCERY SHOPPING 82

NamesOflVs <- c("Traffic Light Healthy Bar","Store's Healthy Bar", "Your

Healthy Bar", "Delivery Time", "Price")

RellmpVal <- c(RellmpValTLHB, RellmpValSHB, RellmpValYHB,

RellmpValDeliveryTime, RellmpValPrice)

relativeimpact <- data.frame(RellmpVal, NamesOflVs)

relativeimpact$NamesOflVs = factor(relativeimpact$NamesOflVs, levels =
c("Traffic Light Healthy Bar","Store's Healthy Bar", "Your Healthy Bar",

"Delivery Time", "Price"))

# Visual representation of relative importance score

ggplot(relativeimpact, aes(x=NamesOflVs, y=RellmpVal)) +
geom_bar(stat = "identity", color = "black", fill = "darkgray") +
scale_y_continuous(labels = function(x) format(x*100,digits=2)) +
labs(y = "Relative Importance (%)", x = "Independent Variables") +
geom_text(aes(label = round(RellmpVal*100, 5)), nudge_y = 0.025) +

theme_classic()
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