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Abstract

People increasingly make choices about their food intake in digital environments (e.g., online food
delivery, online grocery shopping, online school canteens). Given the critical role of diet quality as a
key driver for non-communicable disease, it is vital to understand how to design such systems to
facilitate healthy food choice through digital nudging. To better understand the impact of digital
technologies on food choice, we need to understand the knowledge structure of previous literature. A
systematic review of literature identified 83 relevant publications which have been included in this
study. Bibliometric analyses were used to map out the knowledge structure, historical roots, and
evolution. Reference year spectroscopy, co-word analysis and co-citation analysis were used. Findings
show digital nudging is a rapid growing field with strong historical roots in psychology. Additionally,
current literature is utilizing psychological theories during the development of digital technologies
aimed at nudging consumers towards healthier food options.

Keywords: digital nudging, persuasive technology, user interface design, digital food environment
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1 Introduction

Over the past decade there has been an increase in consumers using digital platforms to access food (Li
et al. 2020). Digital food environments can be defined as user interfaces (UI) through which individuals
interact with the wider food system (Granheim et al. 2020). Websites (e.g., online grocery stores),
technology-facilitated delivery services (e.g., UberEats), pre-ordering systems, (e.g., school canteen
ordering systems), and ordering services (e.g., ordering screens in major fast-food outlets) allow
consumers to order and purchase food (Bates et al. 2020). This shift in food choice environment sees
individuals exposed to an increasing number of visual cues through UI during the decision-making
process. Design elements of UI's impact upon consumer’s choice, thus making UI design a key
modifiable factor in how consumers assess each food product and how they select between food items.

Within the digital food choice environment there is no neutral way to present choices, therefore nudging
consumers towards certain options. The method of deliberately designing Uls to influence choice in
digital environments in a predictable way has been termed ‘digital nudging’ by Weinmann et al. (2016).
Whilst existing literature explores the impact of digital nudging on food choice, there is potential for
future studies to investigate the link between food-choice related literatures and information systems
(IS) literature on digital nudging. To the best of our knowledge, currently there is no review that provides
a bibliometric assessment of digital nudging and food choice literature. Bibliometric analyses allow us
to better understand the composition, concepts, influential authors, and interconnections within a
research field. This paper sets out to address the following research question:

RQ: How has research into the impact of digital nudging in food choice environments evolved?

Specifically, we use reference publication year spectroscopy (RPYS) to examine the historical roots of
digital nudging research (Marx et al. 2014), co-word analysis to outline the evolution of key words
(Callon et al. 1983), and co-citation analysis to identify central digital nudging publications (Zupic and
Cater 2015). We use the Scopus database to keep in alignment with other bibliometric reviews, (e.g.,
(Pham et al. 2021). After assessing 83 publications until the end of 2020, we found strong historical
roots within the field of psychology, providing frameworks for current quantitative studies based in
laboratory and field settings. Findings also show that research on digital nudging for food choice has
experienced strong growth in just 5 years, starting with 2 clusters of 7 keywords in 2015 and growing to
a complex interconnected network of 7 clusters with 243 keywords in 2020. By using bibliometric
analysis to map out the historical roots, evolution and knowledge structure of the digital nudging field,
our study enriches previous literature reviews while providing insight into the importance and potential
impact of current research.

2 Background

On average, people make over 200 food choices per day with great variance existing between individuals
(Wansink and Sobal 2007). Innate bodily processes, such as hunger and satiety have been shown to
influence the decisions we make, however external factors, such as the environment in which we make
these decisions, often overrules (Stockli et al. 2016). We live in an obesogenic environment which is
detrimental to our overall health status (Lake and Townshend 2006). Increased access to energy dense,
nutrient poor foods has contributed to the global obesity crisis, with individuals choosing to consume
these foods over health promoting fruits, vegetables, legumes and wholegrains (AIHW 2019). The
impact our environment has upon food choices is further highlighted by the current pandemic. During
the early stages of the pandemic there was a 300 percent increase in online grocery sales with predicted
growth in the future (Redman 2020). As our food environment and choices evolve rapidly into the digital
world, there is now a pressing need to evaluate how these technologies are affecting food choice. In the
interest of public health, we can evaluate whether modifying key elements in UI design have the potential
to ‘nudge’ consumers towards choosing the healthier options.

The concept of nudging, as defined by Thaler (2009) refers to “any aspect of the choice architecture that
alters people's behavior in a predictable way without forbidding any options or significantly changing
their economic incentives”. Therefore, by making changes to the food choice environment we could
potentially nudge individuals into choosing the healthier option by minimizing perceived effort in the
decision-making process, making the desired option appear as the easiest option. In the physical food
environment, nudging has been found effective. For example, if one choice of food is placed further
away, people tended to eat less from that choice (Bucher et al. 2016). Furthermore, it has been found
that vegetable intake can be increased by offering more vegetable variety at a buffet (Bucher et al. 2014).

The concept of nudging has also been applied to digital food choice environments. Wienmann et al.
(2016), defines digital nudging as the “use of user-interface design elements to guide people's behavior
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in digital choice environments” (p. 433), with the aim of gently steering individuals towards the more
favorable option, the option which is thought to be in the best interest of individuals as well as society.
For example, one study in the UK found that customers of an online grocery store can be nudged towards
healthier options by manipulating factors such as the order the products appear on the page, the calorie
information or the cost (Bunten et al. 2021).

UI design has been shown to influence individuals' decision, either deliberately or accidently. Therefore,
it is important to understand the impact digital nudges may have upon consumers food choices within
the digital food choice environment. Collating and analyzing related publications from a variety of fields
of research allows for the identification of publications existing outside of the most common research
field. Further, any historical and emerging trends may be unearthed which can assist in the guidance of
future research.

3 Methods
3.1 Index Database

Web of Science (WoS) and Scopus are the main databases used to conduct bibliometric analyses, with
Scopus providing greater coverage and identification of citable publications than WoS. For these
reasons, the bibliometric analyses used in this review were carried out using Scopus (Baas et al. 2020).
To find literature on the topic digital nudging, a general search of “digital nudging” and “food choice”
was undertaken. From this initial search 10 publications were read in-depth to assist in identifying
keywords for this review. The following terms were identified: (digital OR online OR on-line OR on-
screen OR web-based OR computer-based OR “user interface” OR “UI” OR “user interface design” OR
image* OR colour* OR color*) AND (“persuasive system*” OR “choice architecture” OR nudg* OR
“behavioral econom*” OR “behavioural econom*” OR “persuasive technolog*” OR gamification) AND
(food OR diet OR “food choice” OR fruit* OR vegetable* OR “energy intake”). To identify relevant
publications within the IS field, “user interface”, “UI”, “user interface design” and gamification were
included.

Our research represents literature published until the end of 2020 to consider full years of research,
with searches conducted in WoS and Scopus. Initial searches yielded 408 publications, with 247 and 161
from WoS and Scopus respectively. Ninety-one duplicates were excluded, resulting in 317 publications
for title and abstract screening. During title and abstract screening, two authors independently reviewed
the records with a consensus approach used to resolve any disagreements, establishing reliability
throughout the selection process. Publications were only retained if they were related to digital nudging
in food choice, with a focus on digital nudging, theoretical frameworks, food choice environments, food
choice behaviors and outcomes. After removing 234 publications, we agreed on 83 publications to be
included in the sample. Publications found in WoS were manually searched for in Scopus, with all
articles collated in Scopus.

3.2 Bibliometric Analyses

To gain insight into the historical origins of digital nudging research, RPYS analysis as described by Hou
(2017) was used. A relationship exists between current research and past research outputs where more
frequently cited publications have evolved from the utilization of prior highly cited publications. To
perform RYPS analysis we used CRExplorer (http://crexplorer.net), see (Grummeck-Braamt et al.,
2021) for a similar approach.

To explore knowledge structure and its development within the digital nudging field co-word analysis
was used. Co-word analysis can be used to identify interrelated concepts by examining patterns of co-
occurrence of pairs of words or phrases, which may reveal any emerging trends. To identify the most
central publications relating to digital nudging, co-citation analysis was used. Co-citation analysis
explores similarities between publications, authors, or journals, consequently identifying the most
central publications within a research field. To perform co-word and co-citation analysis, we used
VOSviewer (http://vosviewer.com), see (Grummeck-Braamt et al., 2021) for a similar approach.

4 Results
4.1 Results of RPYS

A 5-year deviation median curve is shown in Figure 1, representing the evolution of knowledge structure
(Hou 2017) within the research field of digital nudging within digital food choice environments.
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Eighteen citation peaks can be seen from 1950 to 2020, with the 4 most prominent peaks in 2004, 2009,
2012, and 2015.
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Figure 1. Evolution of Digital Nudging in Digital Food Environments Research

An overview of the top 20 citations unearthed from the 18 citation peaks is outlined in Table 1.

# (Authors, Year) Outlet (Area)

1 (Ferster and Skinner 1957) Appleton-Century-Crofts [PSY]

2 (Stern 1962) J. of Marketing [MKT]

3 (Waugh and Norman 1965) Psych. Rev. [PSY]

4 (Restle 1970) J. of Experimental Psych. [PSY]

5 (Jacobs and Hustmyer 1974)  Perceptual and Motor Skills [HMS]

6 (Kahneman and Tversky 1979) Econometrica [ECON]

7 (Block 1982) American J. of Epidemiology [MAT]

8 (Blasko 1985) Proceed. of the Conf. of the Amer. Acad. of Advert. 1985 [MKT]
9 (Bandura 1986) Prentice-Hall, Inc

10 (Watson et al. 1988) J. of Pers. and Soc. Psych. [PSY]

11 (Cialdini et al. 1990) J. of Pers. and Soc. Psych. [PSY]

12 (Serdula et al. 1993) Preventive Med. [MHS]

13 (Steptoe et al. 1995) Appetite [FS]

14 (Bartle 1996) J. of MUD Research [IS]

15 (Wansink et al. 2001) Cornell Hotel & Restaurant Admin. Quarterly
16 (Bandura 2004) Health Edu. Beh. [MHS]

17 (Lin et al. 2006) Ubi. Comp. 2006 [IS]

18 (Thaler and Sunstein 2009) Penguin US
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19 (Liu et al. 2012) Appetite [FS]
20 (Demarque et al. 2015) J. of Enviro. Psych. [PSY]

Table 1. Top 20 Citations from 18 Citation Peaks

Note: Outlets are categorised by subject areas, based on 2018 ABS Journal Guide. PSY psychology,
MKT marketing, HMS human movement and sport science, COG cognitive science, ECON economics
MAT, mathematical science, MHS medical and health science, IS information systems, FS food
science.

Table 1 shows that the field of digital nudging has strong historical roots in the field of psychology with
contributions from the fields of marketing, human movement and sport science, economics,
mathematics, food science and IS.

4.2 Results of Co-word Analysis

The evolution of knowledge structure over 5 years is shown Figure 2. Three snapshots were created with
the first representing a citation peak established during RPYS analysis (2015) and the last portraying
the end of the review period (2020). As this is a relatively young area of research the second snapshot
was taken 2 years after the first to show the rapid growth within this research field (2017). Each snapshot
represents the cumulative digital nudging literature up until that point in time.

eating Gghavior
chilgren

ublquitouggomputing

healthigeating

persuasivglechnology

persuasiveggchnologles

mhile
Figure 2. Results of Co-word Analysis: Snapshot 1 (2015)
The keywords shown in Figure 2 are related to dietary behaviors (eating behavior and healthy eating),

technologies aimed at behavior change (persuasive technology/technologies and ubiquitous computing)
as well as targeted populations (children).
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i
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Figure 3. Results of Co-word Analysis: Snapshot 2 (2017)
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In 2 years, the field of digital nudging experienced rapid growth. Figure 3 shows an advancements from
early research with an increase in dietary behaviors assessed (food preference/s, food choice, weight
loss, weight reduction, caloric intake and snacking), technologies utilized to promote behaviour change
(gamification, computer games, serious games, personalization, mobile applications, human computer
interaction, mHhealth, social networking and online systems) as well as an expansion in targeted
populations (adults, middle aged, adolescents, females and males). Further, we start to see emerging
research from the field of medical research (eHealth and mHealth).
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Figure 4. Results of Co-word Analysis: Snapshot 3 (2020)

Compared with 2015, substantial rapid growth can be seen in the number of keywords (7 to 243) and
clusters (2 to 7). An increase in keywords outside of the nutrition and psychology fields can be seen, with
further contributions from the health and medical fields (public health and telemedicine). We can also
see an increase in settings (school, online, menu, restaurants, catering service and internet-based
intervention).

Figures 2, 3 and 4 show rapid exponential growth within the digital nudging research field. In 5 years,
this field has evolved from 2 connected clusters with 7 keywords (2015), to a network of 4 clusters with
69 keywords (2017) and finally a complex network of 7 clusters with 243 keywords (2020).

Investigations into the most frequently used keywords are shown in Table 2. Significant differences can
be seen between 2015 and 2020 including the change from children to adult, the inclusion of controlled
study, and the disappearance of persuasive technology, eating behavior and healthy eating in 2020. The
shift towards food preference, decision making, and choice behavior is also of interest.

# Keywords KTLS Occurrences
2015 (Total 7) 2020 (Total 243) 2015 2020 2015 2020

1 Persuasive Technology Human 11 912 4 38

2 Children Article 7 686 2 27

3 Eating Behavior Controlled Study 7 605 2 22

4 Mobile Major Clinical Study 6 453 2 17

5 Ubiquitous Computing Food Preference 6 366 2 14

6 Persuasive Technologies Decision Making 5 365 2 15

7 Healthy Eating Adolescents 2 338 2 13

8 Obesity 313 15

9 Choice Behavior 310 11

10 Caloric Intake 274 11

Table 2. Top 7 keywords until 2015 and top 10 keywords until 2020



Australasian Conference on Information Systems Piper et al
2021, Sydney Digital Nudging

4.3 Results of Co-citation Analysis

Co-citation analysis, set with a citation threshold of 3 citations, initially yielded a small, interconnected
network containing 5 publications. Reducing the citation threshold from 3 citations to 2 citations led to
a large increase in publications identified, yielding 42 publications (shown in Figure 5). To quantify the
strength of the links between publications, each publication within the network is given a total link
strength, enabling identification of the publications with the highest weight within the network.
Publications with a high total link strength may have few strong links with few publications or weak
links with a larger number of publications.

long. EESEabIas) d kigcrad bacofgl, krpan, d., (@et) ea brunstrom, jiiiy shakeshaftgg

Figure 5. Results of Co-citation Analysis 2 Citation Threshold

Until the end of 2020, co-citation analysis identified 4 clusters of co-citations with cluster 1 the largest
consisting of 16 references. The publication with the highest weight in this cluster is a systematic review
and meta-analysis conducted by Long et al., (2015) investigating the impact labelling calories on
restaurant menus has on calories ordered (Long et al. 2015). Similarly, other publications within this
cluster investigated potential effects of changes to the choice architecture. Interestingly, 3 publications
within this cluster are from the field of psychology, highlighting the interdisciplinary nature of digital
nudging within the digital food environment.

The 10 most central publications which influenced research into digital nudging within digital food
choice environments are shown in Table 3. Publication total link strength (PTLS) was used to determine
the most influential publications within this field.

Authors (Year) PTLS Outlet (Area) Methods

(Brunstrom & Shakeshaft, 2009) 28 Appetite [FS] Computer-based  tasks
and survey

(Dayan and Bar-Hillel 2011) 22 Judge. & Dec. Mak. [PSY] Lab and field study, food
selection tasks

(Branen et al., 2002) 19 J. of Nutr. Edu. & Beh. [FS] Lab, food selection task

(Kahn and Wansink 2004) 19 J. of Cons. Research [PSY] Lab and field study

(Kerameas et al., 2015) 19 Health Psy. [MHS] Lab, food selection task

(Labbe et al., 2017) 19 Appetite [FS] Lab

(Marchiori et al., 2012) 19 J. of Nutr. Edu. & Beh. [FS] Lab, food selection task

(Oldham-Cooper et al., 2017) 19 Appetite [FS] Computer-based

(Wada et al., 2007) 19 Appetite [FS] Computer-based

(Wansink and van Ittersum 2003) 19 J. of Cons. Research [PSY] Lab, drink pouring task

Table 3. Top 10 most central publications that influence digital nudging in the digital food
environment research

The PTLS was low as this is a relatively young area of research. The field of food science is heavily
represented within these central publications with contributions stemming from the field of psychology
and medical and health science. Nine of the 10 most influential publications within the digital nudging
field examine the impact of a variety of external factors on food choice, intake, and mass estimation and
1 publication investigates the impact of glass size on volume of drink poured. All publications collected
quantitative data, with 6 conducting food/drink selection tasks in-person and 4 using computer-based
methods. This confirms digital nudging research is interdisciplinary in nature and built upon
intervention studies, in both the digital and in-person food choice environments.
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5 Discussion

The digital food environment encompasses a range of Uls for consumers to access the wider food
systems. These UTI’s include online food delivery services (e.g., UberEats), websites (e.g., online grocery
stores), pre-ordering systems, (e.g., school canteen ordering systems), and ordering services (e.g.,
ordering screens in major fast-food outlets). Our bibliometric review shows that research into digital
nudging within the digital food environment is a relatively new and rapidly expanding field of study.
Contributions from psychology, health, information systems, medical, and food sciences have
highlighted the interdisciplinary nature of this research. Central influences from quantitative laboratory,
field, and computer-based studies have assisted in the exponential growth of knowledge within this field
in recent years. Historically, the field of psychology has had the greatest impact in laying the foundation
for current research to build upon.

RYPS analysis revealed strong historical connections between the research field of psychology and
digital nudging within the digital food environment. Links to digital nudging can be made as far back as
1957 with Ferster and Skinner, (1957) exploring the evolutionary concept of reinforcement, the idea that
a certain behavior can be expected in response to a certain stimulus. Prior to its definition in 20009,
publications have been utilizing aspects of nudging based upon psychological theories, such as the Social
Cognitive Theory (Bandura 1986), the Primary Model (Waugh and Norman 1965) and the Positive and
Negative Affect Schedule (Watson et al. 1988).

Bandura (2004) utilised the Social Cognitive Theory to examine health promotion and disease
prevention. The theory postulates that human motivation, wellbeing, and behavior is regulated by self-
efficacy beliefs, goals, knowledge, outcome expectations and perceived environmental impediments and
facilitators. This theory has provided the foundation for research into nudging in the digital food
environment. Prior studies have applied this theory, for example, (Hendy and Raudenbush 2000)
carried out a series of experiments testing the effectiveness of teachers' modelling healthy food choice,
a construct described by the Social Cognitive Theory, to encourage acceptance of healthy food in
children.

The first publication to provide contributions from a field other than psychology was a 1982 review of
validations of dietary assessment methods (Block 1982). Further connections from the Food Science
field included the development of the food choice questionnaire, which utilised multidisciplinary
methods guided by psychologists and nutritionists, and previous literature from multiple fields during
the development phase (Steptoe et al. 1995). The earliest link to the field of IS occurred in 1996 with a
study investigating the type of individuals who are likely to engage in multi-user dungeons (Bartle 1996).

Research focused on nudging in food choice environments links back to 2001 (Wansink et al. 2001),
however, ‘nudging’ was not formally defined until 2009 (Thaler and Sunstein 2009). Instead of using
the term ‘nudging’ to describe their study, Wansink et al., (2001) used ‘influence’ and ‘halo effect’ when
examining the effects descriptive labelling has on restaurant sales, consumers taste perception and
attitudes towards the restaurant. The term ‘nudging’ builds upon decades of research into behavioral
economics and cognitive biases and describes the process of promoting the preferred option through
considered changes to choice, or ‘architecture’.

Emerging research shows an increase in the number of nudging interventions used within the digital
food choice environment. Recent highly cited research investigated the impact of different nudges on
food choice and perception (Demarque et al. 2015; Liu et al. 2012). Changes to labelling (Bollinger et al.
2011; Kiszko et al. 2014; Long et al. 2015; Tandon et al. 2010; Thorndike et al. 2014) and positional
changes (Bucher et al. 2016; Dayan and Bar-Hillel 2011; Keller et al. 2015) are the most prominent
nudges.

The frequency of co-word occurrences highlights the exponential growth of knowledge the field of digital
nudging in digital food choice environments is experiencing. Early research, from 2012 to the end of
2015, emerged from the fields of IS and Health and was focused on improving the eating habits of adults
and children through digital technologies. Augmented reality and mobile health interventions delivered
by digital public display boards and mobile applications were aimed at improving snack and food
choices. One publication from this early research utilised the Behaviour Change Wheel framework to
guide the development of a mobile application targeted at parents to encourage healthy eating and
childhood weight management (Curtis et al. 2015).

Recent studies have incorporated theories of psychological and behavioral science to aid in the
development of digital technologies. Podina et al. (2017) utilized principles of the Cognitive Behaviour
Theory to develop a protocol for an intervention with a gamified mobile application component (Podina
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et al. 2017). Wen (2107) also developed a gamified application using theories of psychological and
behavioral sciences. By using theories within the fields of Psychology and Behavioral Sciences to guide
the development of interventions utilizing aspects from the IS field, researchers have been able to create
highly targeted interventions aimed at improving eating behaviors.

The present bibliometric review highlights that the knowledge of digital nudging in digital food
environments is scattered across different fields of study. Researchers may be unaware and could
potentially miss important contributions from other fields. The current knowledge builds upon
theoretical foundations in the field of psychology, with historical roots linking the Social Cognitive
Theory (Bandura 1986), the Primary Model (Waugh and Norman 1965) and the Positive and Negative
Affect Schedule (Watson et al. 1988) to the field of digital nudging in digital food choice environments.
The findings of this study provide a useful overview of the most central publications within this research
field. Influential publications have mainly stemmed from the food science field with the research field
of psychology, and medical and health science also contributing. All central publications collected
quantitative data, comprising of experiments to determine the effects of external factors and nudges on
food choice, intake, and mass estimation. These findings highlight the interdisciplinary nature of digital
nudging in digital food choice environments and how the field is built upon intervention studies, in both
the digital and in-person food choice environments.

6 Conclusion

In conclusion, our bibliometric review contributes to the expanding literature on digital nudging by
synthesizing literature from a wide range of research fields, allowing identification of publication from
other research fields. However, our study is also subject to limitations. First, bibliometric reviews are
constrained to an index database, limiting the scope of our review. A further limitation is that content
analysis was not conducted on the publications, creating further avenues for future research. Future
research should aim to broaden our knowledge of the psychological theories and frameworks
underpinning the research field of digital nudging in digital food environments. To achieve this, future
studies should explore other databases to capture publications not captured by this review. Further
review methods should also be conducted to assess the quality of the existing literature and reveal
potential existing contradictions.
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