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ABSTRACT
The global escalation in animal-source food consumption presents signif-
icant challenges to human health and environmental sustainability. This
study addresses the pressing need for healthier and more sustainable dietary
practices among university students who face unique challenges in main-
taining a balanced diet. Leveraging insights from the Theory of Planned
Behaviour and Nudging Theory, our research aims to study a food recom-
mender interface tailored to the needs of university students and accompany
them to a healthier and greener diet habit. Specifically, we investigate strate-
gies to influence attitudes, subjective norms, and perceived behavioural
control using nudging mechanisms, as well as the impact of different nudges
embedded within the app interface on students’ choices between meat-based
and plant-based meals. Through literature review, conceptual mapping, and
an empirical study using a structured interview, we aim to bridge the gap
between technology and human behaviour, ultimately promoting healthier
and more sustainable eating habits among university students.

Additional Key Words and Phrases: food recommender, university student,
The Theory of Planned Behaviour, Nudge theory, human-centric, sustainable
food consumption.

1 INTRODUCTION
The escalation of global animal-source food consumption, driven by
industrialization, improved welfare, and population growth, poses
significant challenges for human health and environmental sustain-
ability. Despite their nutritional value, overconsumption of red and
processed meat is linked to various health risks, including mor-
tality, cancer, cardiovascular diseases, and type 2 diabetes [1][34].
Additionally, the production of animal-source foods contributes sub-
stantially to environmental degradation, including greenhouse gas
emissions, water depletion, and biodiversity loss [34]. The Nether-
lands is not an exception. Therefore, the Dutch Health Council
advocates shifting towards a plant-based diet with fewer animal-
source foods to address health and environmental concerns [20].
In the context of Dutch university students, maintaining a healthy
diet is particularly challenging. Emerging adulthood, marked by sig-
nificant transitions in lifestyle and circumstances, is associated with
an increased risk of weight gain and obesity, attributed to various
barriers [28][31]. These obstacles include limited knowledge and
information, a perceived lack of time for cooking and planning, and
a lack of support systems to facilitate informed dietary choices [13].
However, with adequate knowledge and instruction, this transition
period also presents an opportunity for changing eating habits [8]
that can persist into adulthood.
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Life transitions, such as moving house, offer a window of oppor-
tunity for reducing meat consumption among young adults, with
changes in social environments and increased independence play-
ing pivotal roles [31]. Moreover, interventions focused on nutrition
education and self-regulation strategies show promise in improving
university students’ dietary habits [9].
To address these challenges and opportunities, developing a food
recommender system tailored to the needs of university students
is imperative. However, existing technology often fails to engage
users effectively due to a lack of human-centric design. In the era
of Industry 5.0, technology should not only be advanced but also
considerate of human needs and behaviours. Leveraging psycholog-
ical insights can be instrumental in driving behaviour change and
facilitating the adoption of healthier and more sustainable eating
habits among university students [26].
University students, who often live alone, perceived eating alone as
a chore instead of a joy [13] underscores the importance of person-
alized interventions tailored to individual needs, which are essential
for promoting healthier eating habits in this demographic. The The-
ory of Planned Behaviour [2] provides a strong base on dietary
behaviour and sustainable consumption [7][18], giving valuable
insights into designing behaviour modification interventions.
Besides, Nudge Theory [4] offers a promising framework for de-
signing choice architectures that steer individuals towards better
decisions without imposing a specific outcome on the user [30],
which aligns with the nature of a personalized system. However,
despite the potential of these theories, interdisciplinary research in
this area is lacking. Therefore, a new path for research is unveiled
where behaviour can be the foundation of recommendation systems,
and nudging strategies can be leveraged to guide the user based on
such understanding of the behavioural model.

1.1 Objective and Research question
This research aims to bridge the gap between technology and human
behaviour by exploring the Theory of Planned Behaviour and Nudge
theory in the context of food recommender systems for university
students. Therefore, it is important to first understand the baseline
Theory of Planned Behaviour’s components’ potential associations
with different nudging mechanisms in the realm of healthy and
sustainable food recommender systems for university students.
This leads to the following research questions:

• RQ:Which nudging strategies can influence university stu-
dents’ attitudes, subjective norms, and perceived behavioural
control regarding meat consumption?

2 METHODOLOGY
This research employs several methods to explore digital nudging
strategies that can influence university students’ dietary behaviour.
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2.1 Literature review
A literature review will be conducted to evaluate the applicabil-
ity and navigate potential applications of the Theory of Planned
Behaviour (TPB) and Digital Nudging.

2.2 Conceptual Map
A conceptual map exercise will be undertaken to organize and syn-
thesize the findings from Literature Review. This mapping will assist
in sketching the relationships between different nudging strategies
and their effects on attitudes, subjective norms, and perceived be-
havioural control, providing a structured framework for further
analysis.

2.3 Evaluation Methodology: Structured Interview
2.3.1 Participant. The study involved 22 university students (n=22)
in the Netherlands, aged between 18 and 25, who cook and eat alone.
We specifically chose non-vegan participants since they have not
adopted the desired dietary practices.

2.3.2 Procedure. Using an interview invitation poster, participants
were recruited through online messages and onsite. The interviews
were conducted both online and offline, with each session lasting
between 30 and 45 minutes. The structured interview comprised
open-ended questions divided into four main sections: preliminary
questions, attitudes, subjective norms, and perceived behavioural
control towards a sustainable diet. Preliminary questions focused on
the frequency of meat and plant-based meal consumption, opinions
on (1) plant-based and meat-based diets, (2) the influence of social
and cultural factors on their dietary choices, and (3) challenges in
preparing healthy and sustainable meals.
The main section of the interview presented scenario-based ques-
tions involving digital nudges. The imagined scenario gave the par-
ticipant a canvas of detailed and relatable contexts, aiming to elicit
insights into how specific digital nudging mechanisms could affect
their dietary choices in realistic settings. Participants were asked to
reflect on these scenarios and consider how the presented nudging
feature might influence the corresponding TPB’s component regard-
ing meat consumption and plant-based diets. For example, Question
1 provides a scenario: "You are browsing a recipe-recommending
app and come across two recipes: one for a beef burger and one for
a soy-based burger. The app shows a side-by-side comparison of the
environmental impacts of both protein options (Figure 1). ". Then, the
question follows: "Looking at this comparison of the environmen-
tal impacts, how does this information influence your interest in the
environmental impact of the food you choose? And how does this in-
fluence your attitude towards choosing the chickpea burger over the
beef burger? Why?".

2.4 Analysis
The qualitative data was analyzed using thematic analysis, following
the 6-phase framework by Braun and Clarke [5]. This method pro-
vided a reliable framework to evaluate the nudging mechanisms that
impacted participants’ attitudes, subjective norms, and perceived
behavioural control regarding their dietary choices. Moreover, it
reveals the underlying themes that determine the result, allowing

for a deeper understanding of the effectiveness of specific nudging
strategies on TPB components.

3 LITERATURE REVIEW
The literature review employed a strategic search combining various
keywords with fixed strings as "(university OR college OR higher
education)", "(student OR young adult OR emerging adult)", "(diet*
OR eat*) AND (behaviour* OR habit*)", "Netherlands", "meat" and
explicit strings like "(The Theory of Planned Behaviour OR TPB)",
"(Digital OR mobile) nudg*". From Google Scholar and Science Di-
rect, papers that met the inclusion criteria were selected. Although
the research aimed to focus on the Netherlands demographic, stud-
ies from other European countries with similar settings were also
accepted. Similarly, while the primary focus was on university stu-
dents, sources that mentioned young adults were included to provide
a comprehensive understanding of the subject.

3.1 The Theory of Planned Behaviour
Our investigation beganwith an in-depth examination of the Theory
of Planned Behaviour to validate its relevance and applicability in
the context of sustainable and healthy food consumption. We then
identified potential factors that hinder or accelerate interventions
aimed at reducing meat consumption, focusing on those that im-
pact attitudes, subjective norms, and perceived behavioural control
regarding animal-based intake.

3.1.1 Theoretical Framework: The Theory of Planned Behaviour. The
Theory of Planned Behaviour (TPB), formulated by Icek Ajzen[2], is
a widely recognized model for predicting and understanding human
behaviour in various contexts. TPB posits that an individual’s inten-
tion to perform a behaviour is the most significant predictor of that
behaviour. This intention is influenced by three components: (1)
attitudes, (2) subjective norms, and (3) perceived behavioural control
(PBC). Attitudes play a crucial role in dictating the individual’s per-
ception of the outcome of their action. A positive attitude towards
healthy eating or sustainable consumption will likely lead to the
desired behaviour. Besides, subjective norms refer to the social pres-
sure individuals feel to engage in or avoid a behaviour influenced by
the expectations of significant others like family and friends. If an in-
dividual’s social circle values sustainable consumption, this pressure
can increase their intention to adopt such behaviours. Perceived be-
havioural control (PBC) involves the individual’s perception of their
ability to perform the behaviour. High PBC, driven by knowledge,
resources, and confidence, enhances the likelihood of the individ-
ual carrying out the behaviour, as they feel capable of overcoming
potential barriers.

3.1.2 The Theory of Planned Behaviour in Predicting Food Choices
and Sustainable Consumption. Several studies have proven that TPB
could be an effective predictor of predicting food choices [16][18][24].
Notably, van’t Riet et al.[32] found that reducing meat consumption
is more effective during disruptions of eating habits.

The TPB framework has also been recognized as a useful model
for understanding sustainable consumption patterns. For instance,
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Fig. 1. Example infographic for interview. Source: Ecologic Institute 2019: Meat and Soy Products: Comparison of environmental effects. Infographic. [36]

research by Iris Vermeir and Wim Verbeke [33] highlighted the ro-
bustness of TPB in predicting sustainable food consumption among
young adults in Belgium. This finding is consistent with Coker and
Linden’s [7] study on pro-environmental behaviours by reducing
meat intake.

3.1.3 The Theory of Planned Behaviour and University Students
Dietary Behaviour: Barriers, Enablers, and Strategies. University stu-
dents, most of whom are fresh out of the comfort of their homes,
face challenges in maintaining sustainable and balanced diets. The
papers by van Den Berg et al. [31], Kolb and Diehl [13], and Dutch
National Institue for Public Health and the Environment (RIVM) [12]
identify the blockades and facilitators to reduce animal-derived con-
sumption and suggest strategies to achieve a healthier and greener
diet in the Netherlands or the nearby country, Germany. Here, fac-
tors which fit into the characteristics of one of the TPB components
are identified and discussed.

Interest in the environment, animal welfare, and health high-
lighted by the first paper [31], influences the attitude to explore a
plant-based diet. Young adults with an increased awareness of envi-
ronmental and animal welfare or health acknowledge the benefits
of reducing meat consumption and tend to be open to plant-based
recipes [3][37], implying the need for intervention strategies to
promote awareness of such factors to the users.

Simultaneously, social influence occurs as a recurrent theme in
determining food choice, aligning with the subjective norms compo-
nent. Perceived cultural and social norms around meat consumption
reinforce culinary decisions [12][31]. The belief that meat consump-
tion is natural or lacks social acceptance are barriers that prevent
lower meat intake. Contrarily, close circle’s (e.g. friends and family)
interest in health and/or ecological well-being and dynamic norms
could steer individuals in better dietary habits [31]. Scalco et al. [25]
targeted subjective norms for reducing meat intake and found that
norm-based messages about healthful and sustainable consumption
within the social networks positively influence meat consumption
behaviours in the workplace. Additionally, Sparkman and Walton
[27] and Lindsey [15] studies indicate that dynamic norm related to
meat consumption significantly influence subjective social norms
regarding meatless meals or fruit and vegetable consumption.

Additionally, Perceived behavioural control (PBC) encompasses
factors like knowledge to identify meat-derived alternatives or
healthy eating, time management, and financial constraints that
significantly impact students’ ability to make healthy and ecologi-
cally friendly dietary choices. Limited knowledge about plant-based
alternatives to prepare such meals is a common barrier [13][31], em-
phasizing the need to lower the perceived difficulty in these aspects.
Increased awareness of plant-based meat alternatives and their ben-
efits can improve individuals’ confidence in adopting a plant-based
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diet [3]. Moreover, Wyker et al. [37] addresses the concerns sur-
rounding nutrient insufficiency in plant-based diets. It underscores
the need to enhance knowledge about maintaining a nutritious
plant-based diet, boosting users’ belief in dietary choices. Neufin-
gerl & Eilander [19] suggest that informed dietary choices regarding
health are essential to guide and facilitate behaviour change, aiding
the population’s transition to a nutritionally balanced plant-based
diet. Time perception is also a hindrance. Most emerging adults
perceive time constraints as an obstacle leading to unhealthy food
consumption behaviour. Nevertheless, many appear to be able to
maintain a balanced diet despite a low time budget. Interventions
focused on time management strategies to achieve time demands
are important [23]. Financial constraints also pose a challenge in
adopting a more sustainable diet [13]. Feher et al. [11] articulated
that cost savings of plant-based diets compared to meat-based diets
can positively influence perceived behavioural control regarding
dietary choices.

Understanding TPB’s core components and validating its predict-
ing power in food choices and sustainable consumption behaviour
is essential for identifying key factors influencing food choices. By
focusing on attitudes, subjective norms, and perceived behavioural
control, this research can pinpoint the niche psychological and social
factors that affect university students’ dietary behaviours, reducing
the heuristic for nudging targets and providing a robust framework
for designing effective nudging interventions.

3.2 Digital Nudging in Food Behaviour Domain and
Recommender Systems

Nudge theory, particularly digital nudging, is reviewed to explore its
relevance in promoting healthy and sustainable diets. This included
an overview of digital nudging applications within food recom-
mendation systems, through which we identified specific nudging
categories and potential mechanisms that could effectively influence
dietary behaviour.

3.2.1 Nudge Theory, Digital Nudging, and Food Behaviour Domain.
Nudge theory [29] presented that there exists a "choice architecture"
in which all the external forces may subtly guide the users’ decision
while maintaining the freedom of choice [30]. In the field of dietary
behaviour, Nudge theory has demonstrated its potential in promot-
ing healthy food choices. The study on The efficacy of nudge theory
strategies in influencing adult dietary behaviour [4] in developed
countries found that nudging strategies increased healthier dietary
choices. Similarly, nudging interventions that aim to increase fruit
and/or vegetable consumption are proven effective [6]. Meske and
Potthoff defined digital nudging as a "subtle form of using design,
information and interaction elements to guide user behaviour in digital
environments, without restricting the individual’s freedom of choice.".

3.2.2 Digital Nudging and Food Recommender Systems. In the con-
text of food recommendation systems, digital nudging can be em-
ployed to promote healthier eating habits. A typical food recom-
mender system might learn a user’s preference for certain types of
unhealthy food. To nudge the user towards healthier choices, the

system can instead highlight healthier options within the recom-
mendation list, even if these are not the top-ranked items based on
past preferences [14]. This approach leverages nudging mechanisms
such as increasing the salience of healthier options and positioning
them prominently to guide user choices [14]. The paper by Jesse and
Jannach [14] also formulated a taxonomy of nudging mechanisms,
in which, the Decision Information and Social Decision Appeal cat-
egories will be discussed in this paper.

The Decision Information category involves changing the infor-
mation shown to the decision-maker without altering the options.
Such changes can include increasing the salience of the provided
information or reframing the description of the options. For ex-
ample, providing nutritional benefits ensures that users are more
aware of the healthier choices available, subtly guiding their deci-
sions towards better eating habits without limiting their freedom of
choice. Similarly, the Social Decision Appeal category changes the
information presented to users, however, focusing on the emotional
and social implications of the change. This category of nudging
mechanisms leverages the power of social proof, aligning with the
values of Subjective Norms.

Moreover, other research investigated the use of different nudg-
ing mechanisms in the realm of recommender systems. For instance,
the Cora conversational recipes recommender system revealed that
explanations generally enhance the user experience, indicating that
explain justifications in recommender systems can positively influ-
ence users’ perceptions. [22]. It has also been found that employing
nutrition labels, such as Multiple Traffic Light labels (e.g. Nutri-
Score), did not significantly moderate the unhealthiness of choices
in personalised contexts. However, these labels reduced choice diffi-
culty in personalised recipes, making decision-making easier [10].
Furthermore, the effectiveness of digital nudges is moderated by
perceived choice difficulty, indicating that a non-confusing, un-
ambiguous decision environment is more effective at facilitating
healthy eating goals [10].
Digital nudging is crucial for health and sustainability promotions in
recommender systems. This part aims to pinpoint and harness effec-
tive digital strategies to influence and improve dietary behaviours
among university students by integrating specific nudging cate-
gories and mechanisms into food recommendation systems.

3.3 Contribution
Despite these insights, the application of TPB and digital nudging
in food recommender systems remains limited. Most studies have
focused on algorithmic aspects rather than interface features appli-
cations of food recommendations, or they do not target the college
students/young adult population. Also, many nudge strategies have
not been examined in the recommendation system [14].
TPB and digital nudging each have their advantages and setbacks.
TPB provides a robust theoretical framework to understand and pre-
dict behaviour changes by examining attitudes, subjective norms,
and perceived behavioural control. Digital nudging leverages sub-
tle design and interface cues to influence user behaviour in digital
environments. By merging these fields, the research harnesses the
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predictive power of TPB to design targeted nudges that can effec-
tively alter user intentions and behaviours. This interdisciplinary
strategy not only enhances the theoretical understanding of be-
haviour change mechanisms but also offers practical solutions for
improving the effectiveness of food recommender systems in pro-
moting healthier and more sustainable eating habits.
Therefore, the research aims to address this discrepancy by integrat-
ing digital nudging techniques into personalized food recommender
systems to encourage healthier eating behaviours based on the
TPB model. By evaluating various mechanisms and their impact
on user choices, this study seeks to develop effective strategies for
promoting healthy/sustainable food choices in a personalized and
user-friendly manner.

4 CONCEPTUAL MAPPING: DIGITAL NUDGING
STRATEGIES AND TPB COMPONENTS

This study aims to identify and evaluate effective nudging mech-
anisms to influence students’ dietary choices towards healthier
and more sustainable options. To achieve this, specific questions
were first formed to identify the appropriate nudging mechanisms
outlined in Jesse and Jannach’s paper [14]. These questions were
designed to align with the factors shaping students’ behaviours and
the corresponding components of the Theory of Planned Behavior
(TPB). For example, "Which nudging mechanisms are suitable to in-
crease interest in the environment and animal welfare to give the user
a more positive attitude toward changing to a more sustainable diet?"

Next, the nudging mechanisms stated in Jesse and Jannach’s
paper [14] were evaluated and mapped with the appropriate fac-
tors and TPB components. This evaluation involved consulting the
mechanisms in the section on digital nudging in the food behaviour
domain and recommender systems. By systematically aligning each
nudging mechanism with specific TPB components, the chosen
interventions were designed to address the identified behavioural
factors effectively.

The proposed strategies are based on several assumptions. Firstly,
it is assumed that the social norm is shifting towards reducing
meat consumption. Findings from Natuur & Milieu support this
[17], which indicates that the majority of Dutch adults believe eat-
ing less meat will become the norm. Secondly, it is assumed that
the trend of plant-based products becoming cheaper than conven-
tional meat-based ingredients will positively influence perceptions
of plant-based meal costs. This is supported by data indicating a
decrease in the price of plant-based products compared to meat [35].
Communicating this trend is expected to enhance the perceived
affordability of plant-based meals.

4.1 Conceptual mapping
4.1.1 Nudging mechanisms categories. The nature of Decision In-
formation strategies allows them to shape users’ attitudes and per-
ceived behaviour control by making information more prominent
and making informed choices more straightforward. This approach
leverages the power of salience and clarity, presenting users with
insights about the impacts of their choices. Decision Information

interventions can also reduce the cognitive load on users, making
the decision-making process more manageable. This is particularly
relevant in contexts where users need to balance health, environ-
mental concerns, and practical constraints such as time and cost.

The use of the Social Decision Appeal category is highly rel-
evant for promoting healthy and sustainable choices within the
TPB framework. Mechanisms in this category utilize social proof
and emotional engagement to shift perceptions of acceptable be-
haviour. By making these choices appear more common and socially
endorsed, these mechanisms can effectively inspire and motivate
individuals to adopt similar behaviours, thereby aligning with and
reinforcing subjective norms within their social groups.

4.1.2 Nudging mechanisms and Factors mapping. The conceptual
mapping between nudging mechanisms and the TPB components
is critical for understanding how different interventions influence
behaviour. For Attitude, nudging mechanisms such as "Give Com-
parative" and "Providing Explanations" can significantly shape atti-
tudes towards interest in the environment and animal welfare. "Give
Comparative" helps users see the relative benefits of plant-based
options compared to meat, thereby enhancing their interest in en-
vironmental and animal welfare issues. "Providing Explanations"
can reinforce this by educating users about the positive impacts
of their dietary choices on the environment and animal welfare,
similar to Cora’s exemplary [22]. Likewise, providing comparative
information and detailed explanations can foster a greater interest in
health. When users are presented with clear comparisons between
the health benefits of plant-based diets versus meat-based diets,
along with explanations of these benefits, their attitudes towards
healthier eating are positively influenced.
For Subjective Norms, the "Social Reference Points" mechanism

plays a crucial role. By highlighting what peers and social groups
are doing and sharing stories using norm-based messages [25][27]
that evoke empathy, individuals are more likely to perceive these be-
haviours as normative and feel social pressure to conform. "Social In-
fluence" through comparison can instigate empathy and shift subjec-
tive norms regarding health. When individuals see their peers mak-
ing healthier choices and emotionally engaging through empathy-
driven narratives, these healthy behaviours become more socially
endorsed. Additionally, social influence through comparisons can
alter perceptions of cultural and social norms about meat consump-
tion. By showing trends and behaviours in social groups, individuals
can begin to perceive plant-based eating as more culturally accept-
able and normative.

For Perceived Behavioral Control, providing comparative informa-
tion and explanations can enhance perceived control by increasing
knowledge about plant-based meat alternatives [22]. When users are
informed about the benefits and options available for plant-based
alternatives, they feel more capable of making these choices. The
distinction between simplified and detailed also facilitates different
forms of communication that complement each other. The "Sim-
plification" mechanism (e.g. using labels) will reduce the difficulty
of decision-making. Meanwhile, detailed insights help deepen the
user’s understanding. Similarly, giving comparative information
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and detailed explanations about healthy eating options can increase
users’ perceived control over their dietary choices (e.g. address nu-
trient concerns and dietary choices) [37][19]. Perceived control over
preparing healthy meals can be improved by increasing the salience
of time-saving attributes. Highlighting quick and easy time-related
attributes in recipes assures users of their ability to prepare healthy
meals despite time constraints with low heuristics. Additionally,
increasing the salience of cost-effective attributes and providing
comparative cost information can alleviate financial concerns [11].
These nudges display cost-effective, healthy options that the users
might not know about, enhancing perceived control over cooking
healthy dietary choices without financial strain.

Moreover, comparative cost information can alleviate financial
concerns [11]. Therefore, increasing the salience of cost-effective
attributes of favourable options can enhance perceived control over
cooking healthy dietary choices without financial strain.
Table 1 summarizes the mapped Nudging Mechanisms correspond-
ing to TPB components and Factors.

5 RESULT

5.1 Attitudes
5.1.1 Interest in the environment and animal welfare. Overall, the
nudging mechanisms "Give Comparative" and "Providing Explana-
tions" influenced students’ attitudes towards meat consumption by
heightening awareness of environmental and animal welfare im-
pacts, although with some uncertainties. These mechanisms evoked
emotional responses such as guilt and motivation. There were also
indications of change in attitudes. For example, some participants
indicated, "Making a plant-based burger seems more ecologically effi-
cient. It changes my attitude towards my meat consumption." or "My
attitude towards the veggie burger becomes a bit more positive.".
However, the influence of these mechanisms is moderated greatly
by scepticism, taste preferences, health priorities, and initial level of
interest. While "Give Comparative" raises ecological awareness in
the participants who do not have prior knowledge regarding their
food’s environmental consequences or reinforce the knowledge, its
lack of depth creates scepticism. One interviewee expressed suspi-
cion towards the measurement validation of the information, saying
that if the source is credible and open for validation, it will lower the
doubt. In the "Providing Explanations" case, the absence of source
references raises credibility concerns as it contains unverified tex-
tual and long-form information. Furthermore, the initial level of
interest also has a big impact. Participants who reported that envi-
ronmental and animal welfare is unimportant to them have minimal
to no change in interest and attitude, placing higher importance on
taste and health. This kind of nudge could also provoke resistance,
as implied in one student’s sentiment, "I would still choose the beef
burger, even if it damages the environment significantly more.".

5.1.2 Interest in health. Similarly, "Give Comparative" and "Provid-
ing Explanations" provoked health consciousness. Both mechanisms
highlighted the health benefits of plant-based meals compared to
meat-based ones, nudging students to consider healthier options.
Participant 19, for example, expressed feeling more confident in
choosing a chickpea burger after learning about its cardiovascular

benefits. Moreover, the comparative information led to a notable
change in attitude towards plant-based diets, with a more positive
attitude towards choosing plant-based options. However, they suffer
from the same problems, such as a lack of trust and taste preferences.

5.2 Subjective Norms
5.2.1 Social group’s interest in the environment and animal welfare.
The "Social Reference Point" mechanism is effective regarding sub-
jective norms. Knowing that peers or family members had chosen
plant-based diets positively influenced students’ perceptions of meat
consumption relating to ecological reasons. However, the degree
of influence fluctuates, with some participants stating little to no
change due to doubt about the actual generalization of the norm
based on a small sample.

5.2.2 Social group’s interest in health. The "Social Influence (Com-
parison)" nudge also impacted subjective norms regarding health.
Close-circle influences were profound, encouraging students to
heighten awareness of healthier eating habits. For instance, a person
remarked, "I would probably become more aware of what I eat be-
cause everyone around me also is becoming more aware.". Participants
reported the feeling of "inspiration", "curiosity", "feeling behind", or
even "a slight sense of competition". Moreover, a participant remarked
that this could be a good medium to start discussions regarding
health among friends and family. However, the effectiveness of this
approach is contingent on a certain magnitude, as one interviewee
noted, "quantity matters". Also, this mechanism might face resis-
tance due to other mediating priorities or skepticsm. For example, "I
don’t think this would affect me; not everything everybody says online
is true about themselves.".

5.2.3 Perceived cultural and social norms about meat consumption.
The analysis reveals that social influence through comparison had
minimal effect on subjective norms around meat consumption. The
scenario provided the interviewee with a graph of decreasing meat
consumption trends in all age and gender groups in the Netherlands,
giving an overview of the broader social dynamic. Nearly half of
the participants expressed that knowing the general trend in the
Netherlands would not change their opinion, whether on norm
or behaviour. A student, for instance, acknowledged the changing
social dynamic towards meat consumption but indicated that "Sta-
tistics does not really make up my opinion. The people around me have
way more influence than numbers.".

5.3 Perceived Behaviour Control (PBC)
5.3.1 Knowledge about plant-based alternatives. The "Simplifica-
tion" and "Providing Explanations" strategies were positively re-
ceived, with participants commenting that the described features
would help them in their decision-making process. For "Simplifi-
cation", students were presented with a set of simple and easy-to-
grasp informational cues inspired by Open Food Fact [21] repre-
sentation, such as Multiple Traffic Light labels and a short nutri-
tional/ecological level summary. This type of display was helpful
in briefly educating and increasing self-efficacy perception over
knowledge about plant-based alternatives. Nevertheless, the labels
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TPB Components Factor Nudging Mechanism

Attitude Interest in the environment and animal welfare Give Comparative
Providing Explanations

Interest in health Give Comparative
Providing Explanations

Subjective Norms
Social group’s interest in the environment and
animal welfare

Social reference point

Social group’s interest in health Social Influence (Comparison)
Perceived cultural and social norms about meat
consumption

Social Influence (Comparison)

Perceived Behavioural Control
Knowledge about plant-based alternatives of
meat

Give Comparative
Simplification
Providing Explanations

Knowledge about healthy eating Give Comparative
Providing Explanations

Time-wise perceived control Increase Salience of Attribute

Financial-wise perceived control Increase Salience of Attribute
Give Comparative

Table 1. Nudging Mechanisms Corresponding to TPB Components and Relevant Factors

received mixed responses, in which health/ecological conscious par-
ticipants expressed less regard for this component than the other.
Detailed explanations about the benefits and usage of various plant-
based alternatives positively impacted participants’ perceived be-
havioural control and confidence towards sustainable eating. They
found the in-depth knowledge educational and motivating, although
aminority indicated an insignificant influence over perceived knowl-
edge due to information overload.
On the other hand, the "Give Comparative" strategy did not sig-

nificantly enhance perceived behavioural control. While some par-
ticipants found nutritional and ecological comparisons compelling,
others felt overwhelmed by the volume of information.
Furthermore, these strategies could not address the concern over
perceived control to perform the desired behaviour. Therefore, the
assessment of the strategies reported minimal impact on PBC.

5.3.2 Knowledge about healthy eating. In the context of improving
knowledge about healthy eating, "Give Comparative" and "Provid-
ing Explanations" received mixed responses. While students valued
nutritional education and informed dietary choices, many reported
information fatigue. This led to resistance to using such features,
especially for the "Providing Explanations" mechanism. Some also
mentioned other factors, like initial interest in health, taste prefer-
ence, and availability. Similar to the previous factor, these interven-
tions did not show signs of addressing PBC.

5.3.3 Time-wise perceived control. In this context, the "Increase
Salience of Attribute" mechanism aimed to improve perceived con-
trol over preparing healthy meals within time constraints. Many
students reported facing barriers due to limited time. By highlight-
ing recipes based on preparation time, this approach effectively
addressed time-related barriers. Students particularly appreciated
the convenience of quick recipe recommendations, finding them

helpful in managing their time while maintaining a healthy diet.

5.3.4 Financial-wise perceived control. Underscoring the saving
costs associatedwith plant-bassedmeals/ingredients options through
the "Increase Salience of Attribute" and "Give Comparative" mecha-
nisms positively influenced the students’ perception of plant-based
affordability. By emphasising the financial benefits or comparing the
costs of meat-based meals with plant-based alternatives, these meth-
ods positively influenced respondents’ perceptions, especially those
who initially thought plant-based options were more expensive.
These approaches made plant-based diets seem more accessible and
affordable. However, the effectiveness of these mechanisms varied
due to mediating factors such as health priorities, source credibility,
and initial perceptions.

6 DISCUSSION & FUTURE WORK
The findings suggest that the "Give Comparative" and "Providing
Explanations" mechanisms positively influence university students’
attitudes towards meat consumption. These strategies successfully
heightened awareness about environmental and animal welfare
impacts, evoking emotional responses like guilt and motivation.
However, they faced resistance due to scepticism about the informa-
tion’s credibility, taste and health preferences. Moreover, forceful
displays could also lead to resistance. Therefore, such informational
features should be able to communicate its credibility. Additionally,
awareness-driven interventions should be highly sensitive to users’
state of mind and preferences to mitigate resistance and enhance
their effectiveness.
Engaging close social circles proved to be a powerful strategy in
shaping Subjective Norms. The "Social Reference Point" and "So-
cial Influence (Comparison)" mechanisms effectively influenced stu-
dents’ perceptions by highlighting the dietary choices of peers and
family members. However, the latter nudge showed little impact
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when based solely on statistical data, as participants valued imme-
diate social circles’ opinions more. Implementation should focus on
personal connections rather than broad societal tendencies to affect
subjective norms to maximize influence. Nonetheless, considera-
tions of the feelings being provoked should be carefully examined
to mitigate stressful situations for users.
The "Simplification" and "Providing Explanations" strategies were
well-received for enhancing knowledge about plant-based alter-
natives. Simplified informational cues and detailed explanations
boosted confidence in making sustainable dietary choices. "Simpli-
fication" also confirms that labels ease decision-making, but the
effectiveness differs from case to case, requiring further personal-
ized strategies. Moreover, neither mechanism can boost perceived
behavioural control because they do not sufficiently tackle the prac-
tical aspects of executing the behaviour. To effectively enhance PBC,
strategies must also consider and mitigate external barriers and
internal limitations that hinder the actual performance of the de-
sired behaviour. In addition, excessive comparisons and information
overload hindered decision-making. Balancing detailed and simpli-
fied information is essential to promote sustainable eating habits
effectively.
Nudging mechanisms that increase PBC over cooking healthy meals,
such as "Give Comparative" and "Providing Explanations", aiming
at addressing nutrient concerns and notifying appropriate dietary
choices, prompted students to consider healthier options. However,
information fatigue was a common issue, leading to low adoption
rates. Other factors, like taste and availability, are also barriers. In-
terventions should sophisticatedly integrate external factors like
availability, price, and time to be more effective without overwhelm-
ing users with too much information.
The "Increase Salience of Attribute" mechanism significantly im-
proved perceived control over meal preparation time. Highlighting
quick and easy recipes aids in effectively addressing time-related
barriers, enabling students to manage their schedules while main-
taining a healthy diet. Likewise, highlighting the cost savings of
plant-based meals through the "Increase Salience of Attribute" and
"Give Comparative" mechanisms positively influenced students’
perceptions of affordability. Emphasizing financial benefits made
plant-based diets seem more accessible and affordable, especially to
those who originally perceived them as expensive.
Overall, the interventions mentioned in 3.1.3 are crucial in changing
the users’ attitudes, subjective norms, and PBC. However, finding
the right mechanisms to approach such goals is challenging. The
"Providing Explanations" and "Give Comparative" strategies can in-
fluence users’ perceptions, but their impacts depend significantly on
the format and complexity of the information presented. Simplified,
concise explanations and comparisons are more likely to engage
students and positively influence their attitudes and behaviours.
"Simplification" and "Increase Salience of Attribute" interventions
also effectively influence the users’ initial perception and reduce
decision-making heuristics.
The success of social mechanisms presents an opportunity to fur-
ther explore social features, with close-circle interactions being the
upfront prospects. On the other hand, the factors provided are in-
complete, and future research should address aspects such as skills,

taste, and other personal preferences. Group-based recommenda-
tions can further enhance the impact of nudging by personalizing
suggestions based onmeat consumption patterns, sociodemographic
factors, and other relevant components. Decision Structure nudges
should also be examined to optimize decision-making by reducing
the overall heuristics of the platform. Furthermore, further investiga-
tions are needed to unlock TPB’s full potential to understand other
components, such as intentions and behaviour or the interrelation
between the components. Finally, ethical considerations are crucial
to ensure that nudges respect user autonomy and do not manipulate
decisions unethically.
Developing an effective recommendation system requires simultane-
ously addressing multiple factors, different components of TPB, and
incorporating a comprehensive, user-centered approach. This in-
volves a sophisticated and integrated ethical approach that combines
credibility, personalization, and social factors while considering
practical barriers such as time and cost.

7 LIMITATIONS
This study has several limitations. Firstly, the TPB components
need to be observed over time; the reliance on immediate responses
by simple scenarios insufficiently captures the complexity of hu-
man behaviour and mind, embedding biases. Secondly, the sample
size limits generalizability. Therefore, conducting quantitative re-
search would be beneficial for more accurate evaluations. Finally,
socio-demographic differences were not addressed, affecting the
applicability of the findings.

8 CONCLUSION
This research investigated the integration of the Theory of Planned
Behaviour (TPB) and Nudging Theory into food recommender sys-
tems aimed at promoting healthier and more sustainable dietary
choices among university students.The conceptual map developed
through this study offers a framework for creating targeted interven-
tions that address the specific challenges faced by this demographic.
The empirical findings confirm that many of the proposed nudg-
ing strategies effectively influence attitudes, subjective norms, and
sometimes perceived behavioral control towards reducing meat con-
sumption. These results highlight the potential for personalized
digital interventions to foster positive changes in dietary habits.
Despite limitations, such as the need for long-term studies and
consideration of socio-demographic differences, this research pro-
vides valuable insights for designing effective, human-centric food
recommendation systems aimed at promoting sustainable eating
practices.

8



Designing Green and Healthy Food Recommender Systems for University Students TScIT 41, May 6 2024, Enschede, The Netherlands

REFERENCES
[1] Itziar Abete, Dora Romaguera, Ana Rita Vieira, Adolfo Lopez de Munain, and

Teresa Norat. 2014. Association between total, processed, red and white meat
consumption and all-cause, CVD and IHD mortality: a meta-analysis of cohort
studies. British Journal of Nutrition 112, 5 (2014), 762–775. https://doi.org/10.
1017/S000711451400124X

[2] Icek Ajzen. 1991. The theory of planned behavior. Organizational Behavior and
Human Decision Processes 50, 2 (1991), 179–211. https://doi.org/10.1016/0749-
5978(91)90020-T Theories of Cognitive Self-Regulation.

[3] Giulia Andreani, Giovanni Sogari, Alessandra Marti, Federico Froldi, Hans
Dagevos, and Daniela Martini. 2023. Plant-Based Meat Alternatives: Technologi-
cal, Nutritional, Environmental, Market, and Social Challenges and Opportunities.
Nutrients 15, 2 (2023). https://doi.org/10.3390/nu15020452

[4] Anneliese Arno and Steve Thomas. 2016. The efficacy of nudge theory strategies
in influencing adult dietary behaviour: a systematic review and meta-analysis.
BMC public health 16 (2016), 1–11.

[5] Virginia Braun and Victoria Clarke. 2006. Using thematic analysis in psychology.
Qualitative Research in Psychology 3 (01 2006), 77–101. https://doi.org/10.1191/
1478088706qp063oa

[6] Valérie J. V. Broers, Céline De Breucker, Stephan Van den Broucke, and Olivier
Luminet. 2017. A systematic review and meta-analysis of the effectiveness of
nudging to increase fruit and vegetable choice. European Journal of Public Health
27, 5 (06 2017), 912–920. https://doi.org/10.1093/eurpub/ckx085

[7] Elif Naz Çoker and Sander van der Linden. 2022. Fleshing out the theory of
planned of behavior: Meat consumption as an environmentally significant behav-
ior. Current Psychology 41, 2 (2022), 681–690.

[8] Paul de Vos, Christoph Hanck, Marjolein Neisingh, Dennis Prak, Henk Groen, and
Marijke M Faas. 2015. Weight gain in freshman college students and perceived
health. Preventive medicine reports 2 (2015), 229–234.

[9] Tom Deliens, Rob Van Crombruggen, Sofie Verbruggen, Ilse De Bourdeaud-
huij, Benedicte Deforche, and Peter Clarys. 2016. Dietary interventions among
university students: A systematic review. Appetite 105 (2016), 14–26. https:
//doi.org/10.1016/j.appet.2016.05.003

[10] Ayoub El Majjodi, Alain D Starke, and Christoph Trattner. 2022. Nudging towards
health? examining the merits of nutrition labels and personalization in a recipe
recommender system. In Proceedings of the 30th ACM conference on user modeling,
adaptation and personalization. 48–56.

[11] András Fehér, Michał Gazdecki, Miklós Véha, Márk Szakály, and Zoltán Szakály.
2020. A Comprehensive Review of the Benefits of and the Barriers to the Switch
to a Plant-Based Diet. Sustainability 12, 10 (2020).

[12] M Geurts, AM Van Bakel, CTM Rossum, E De Boer, and MC Ocké. 2017. Food
Consumption in the Netherlands and Its Determinants: Background Report to What’s
on Our Plate?: Safe, Healthy and Sustainable Diets in the Netherlands’. Rijksinstituut
voor Volksgezondheid en Milieu (RIVM).

[13] Jennifer Hilger-Kolb and Katharina Diehl. 2019. Oh God, I Have to Eat Something,
But Where Can I Get Something Quickly? A Qualitative Interview Study on
Barriers to Healthy Eating among University Students in Germany. Nutrients 11,
10 (2019). https://doi.org/10.3390/nu11102440

[14] Mathias Jesse and Dietmar Jannach. 2021. Digital nudging with recommender
systems: Survey and future directions. Computers in Human Behavior Reports 3
(2021), 100052. https://doi.org/10.1016/j.chbr.2020.100052

[15] Lisa LMassi Lindsey. 2017. The influence of persuasive messages on healthy eating
habits: a test of the Theory of Reasoned Action when attitudes and subjective
norm are targeted for change. Journal of Applied Biobehavioral Research 22, 4
(2017), e12106.

[16] Davide Menozzi, Giovanni Sogari, and Cristina Mora. 2015. Explaining Vegetable
Consumption among Young Adults: An Application of the Theory of Planned
Behaviour. Nutrients 7, 9 (2015), 7633–7650. https://doi.org/10.3390/nu7095357

[17] Natuur Milieu. 2021. Nederlanders Moeten Meer Geholpen Worden met Minder
Vlees Eten. https://natuurenmilieu.nl/nieuws-artikel/nederlanders-moeten-
meer-geholpen-worden-met-minder-vlees-eten/

[18] Vinicius Antonio Machado Nardi, William Carvalho Jardim, Wagner Ladeira, and
Fernando Santini. 2019. Predicting food choice: a meta-analysis based on the
theory of planned behavior. British Food Journal 121, 10 (2019), 2250–2264.

[19] Nicole Neufingerl and Ans Eilander. 2021. Nutrient intake and status in adults con-
suming plant-based diets compared to meat-eaters: a systematic review. Nutrients
14, 1 (2021), 29.

[20] Health Council of the Netherlands. 2011. Guidelines for a healthy diet: the
ecological perspective.

[21] Open Food Facts. 2024. Open Food Facts. https://de.openfoodfacts.org/ Accessed:
04-06-2024.

[22] Florian Pecune, Lucile Callebert, and Stacy Marsella. 2022. Designing persuasive
food conversational recommender systems with nudging and socially-aware
conversational strategies. Frontiers in Robotics and AI 8 (2022), 733835.

[23] Jennifer E Pelletier and Melissa N Laska. 2012. Balancing healthy meals and
busy lives: associations between work, school, and family responsibilities and

perceived time constraints among young adults. Journal of nutrition education
and behavior 44, 6 (2012), 481–489.

[24] Natalie Jayne Taylor Rosemary Robin Charlotte McEachan, Mark Conner and
Rebecca Jane Lawton. 2011. Prospective prediction of health-related behaviours
with the Theory of Planned Behaviour: a meta-analysis. Health Psychology Review
5, 2 (2011), 97–144. https://doi.org/10.1080/17437199.2010.521684

[25] A Scalco, T Craig, S Whybrow, G Horgan, and J Macdiarmid. 2020. Modelling the
effects of social networks in interventions aimed at reducing meat consumption
using a social simulation. Proceedings of the Nutrition Society 79, OCE3 (2020),
E783.

[26] Gayane Sedrakyan, Anand Gavai, and Jos van Hillegersberg. 2023. Design Impli-
cations Towards Human-Centric Semantic Recommenders for Sustainable Food
Consumption. In International Conference on Conceptual Modeling. Springer, 312–
328.

[27] Gregg Sparkman and Gregory M Walton. 2017. Dynamic norms promote sustain-
able behavior, even if it is counternormative. Psychological science 28, 11 (2017),
1663–1674.

[28] F Marijn Stok, Britta Renner, Peter Clarys, Nanna Lien, Jeroen Lakerveld, and
Tom Deliens. 2018. Understanding eating behavior during the transition from
adolescence to young adulthood: a literature review and perspective on future
research directions. Nutrients 10, 6 (2018), 667.

[29] Richard H Thaler and Cass R Sunstein. 2009. Nudge: Improving decisions about
health, wealth, and happiness. Penguin.

[30] Richard H Thaler, Cass R Sunstein, and John P Balz. 2014. Choice architecture.
The behavioral foundations of public policy (2014).

[31] Saskia W Van Den Berg, Annelien C Van Den Brink, Annemarie Wagemakers,
and Lea Den Broeder. 2022. Reducing meat consumption: The influence of life
course transitions, barriers and enablers, and effective strategies according to
young Dutch adults. Food Quality and Preference 100 (2022), 104623.

[32] Jonathan van’t Riet, Siet J. Sijtsema, Hans Dagevos, and Gert-Jan De Bruijn. 2011.
The importance of habits in eating behaviour. An overview and recommendations
for future research. Appetite 57, 3 (2011), 585–596. https://doi.org/10.1016/j.appet.
2011.07.010 Feeding infants and young children: guidelines, research and practice.

[33] Iris Vermeir and Wim Verbeke. 2008. Sustainable food consumption among young
adults in Belgium: Theory of planned behaviour and the role of confidence and
values. Ecological Economics 64, 3 (2008), 542–553. https://doi.org/10.1016/j.
ecolecon.2007.03.007

[34] Walter Willett, Johan Rockström, Brent Loken, Marco Springmann, Tim Lang,
Sonja Vermeulen, et al. 2019. Food in the anthropocene: The EAT–lancet com-
mission on healthy diets from sustainable food systems. Lancet 393, 10170 (2019),
447–492. https://doi.org/10.1016/S0140-6736(18)31788-4

[35] Deborah Winkel, Willem van Engen, and Gustaaf Haan. 2024. (1.0 ed.).
[36] Stephanie Wunder and Ruth Haake. 2019. Meat and Soy Products: Comparison of

environmental effects.
[37] Brett A. Wyker and Kirsten K. Davison. 2010. Behavioral Change Theories Can

Inform the Prediction of Young Adults’ Adoption of a Plant-based Diet. Journal
of Nutrition Education and Behavior 42, 3 (2010), 168–177. https://doi.org/10.1016/
j.jneb.2009.03.124

9

https://doi.org/10.1017/S000711451400124X
https://doi.org/10.1017/S000711451400124X
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.3390/nu15020452
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1093/eurpub/ckx085
https://doi.org/10.1016/j.appet.2016.05.003
https://doi.org/10.1016/j.appet.2016.05.003
https://doi.org/10.3390/nu11102440
https://doi.org/10.1016/j.chbr.2020.100052
https://doi.org/10.3390/nu7095357
https://natuurenmilieu.nl/nieuws-artikel/nederlanders-moeten-meer-geholpen-worden-met-minder-vlees-eten/
https://natuurenmilieu.nl/nieuws-artikel/nederlanders-moeten-meer-geholpen-worden-met-minder-vlees-eten/
https://de.openfoodfacts.org/
https://doi.org/10.1080/17437199.2010.521684
https://doi.org/10.1016/j.appet.2011.07.010
https://doi.org/10.1016/j.appet.2011.07.010
https://doi.org/10.1016/j.ecolecon.2007.03.007
https://doi.org/10.1016/j.ecolecon.2007.03.007
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/j.jneb.2009.03.124
https://doi.org/10.1016/j.jneb.2009.03.124

	Abstract
	1 Introduction
	1.1 Objective and Research question

	2 Methodology
	2.1 Literature review
	2.2 Conceptual Map
	2.3 Evaluation Methodology: Structured Interview
	2.4 Analysis

	3 Literature Review
	3.1 The Theory of Planned Behaviour
	3.2 Digital Nudging in Food Behaviour Domain and Recommender Systems
	3.3 Contribution

	4 Conceptual Mapping: Digital nudging strategies and TPB components
	4.1 Conceptual mapping

	5 Result
	5.1 Attitudes
	5.2 Subjective Norms
	5.3 Perceived Behaviour Control (PBC)

	6 Discussion & Future Work
	7 Limitations
	8 Conclusion
	References

