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Abstract

Nudge has proven effective in promoting healthier eating, especially in academic environments. However, its application in vending
machines has not been extensively studied yet, with existing studies focusing on choice and overlooking the emotional and
cognitive responses to these interventions. Our research explored how visual and olfactory nudges (and a combination of both) can
encourage healthier choices in university vending machines, and examined the related emotional and cognitive reactions, adopting
a consumer neuroscience approach. It encompassed three distinct analysis levels: behavioral (snack choice), neurophysiological
(emotional and cognitive reactions assessed through skin conductance and electroencephalography), and attentional (visual
attention on snacks evaluated via eye-tracking). The findings revealed that while visual and olfactory nudges, when considered
individually, were associated with an increased likelihood of making healthier choices, their combined effect was not significant.
Skin conductance indicated that olfactory and combined nudge interventions induced relaxation, potentially promoting healthier
choices. Electroencephalography results suggested a reduced motivational approach toward snacks when both nudges were
combined. Eye-tracking indicated that individuals pay heightened attention to healthy snacks when positioned at eye level,
however, this can also be affected by the nudge condition. Our findings suggest that implementing visual or olfactory nudges alone
may promote healthier choices in vending machines, whereas combining them may lessen their impact, and corroborate the
importance of positioning target products in locations where they are readily visible to consumers. These insights enhance our
understanding of the emotional, cognitive, and attentional components behind nudge interventions and offer practical strategies for
promoting healthier eating habits.
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Introduction

The increasing prevalence of obesity among university students has become a significant public health issue [1,2], highlighting the
importance of educational environments in implementing targeted interventions against overweight and obesity [3]. Several studies
have indeed shown that students tend to gain weight during their initial university years [4-6] when they are more likely to make
poor dietary choices, particularly in relation to the consumption of food from vending machines [7,8].

In light of these considerations, this research will focus on students’ purchasing decisions at vending machines. With the final aim of
encouraging the selection of healthier options, it will assess the efficacy of different nudge interventions targeting different sensory
channels. Additionally, it will explore the implicit cognitive and emotional responses to these interventions, providing insights into the
mechanisms underlying (healthier) food decision-making.

The following literature review will first analyze the application of nudge interventions to encourage healthier food choices in
educational settings. While most studies focus on school cafeterias, few address vending machines —despite their predominance of
unhealthy snack options—highlighting the need for further research in this context (Section “Nudge and its applications in the food
choice domain”). Next, it will explore how cues from different sensory modalities influence food choices and shape consumers’
cognitions and emotions (Section “Beyond taste: how sensory inputs shape food choices”). Finally, it will discuss the appropriate
approach for assessing how sensory stimuli and cognitive and emotional responses shape food choices. It will provide an overview
of the consumer neuroscience approach and focus on the relevant tools and measures (Section “The role of consumer
1 choices”).
EN
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The vending market, now valued at $16.07 billion, is rapidly growing and is forecasted to expand further to $26 billion by 2030 [9].
Vending machines are prevalent in various settings—stations, supermarkets, cinemas, shopping malls, hospitals, workplaces [10],
and educational institutions [11]—offering a variety of snacks and beverages in a convenient and accessible way [9]. However, their
offerings often include hyperenergetic and sugar-laden options [12], with the proportion of unhealthy foods ranging from 85% to
100%, while the one of unhealthy beverages from 49% to 80% [13,14].

Given this high prevalence of unhealthy options, one question arises: how can healthier choices be effectively promoted in vending
machines? In this context, among different strategies and interventions, nudge has emerged as a promising approach to guide
consumers toward better dietary decisions.

Nudge and its applications in the food choice domain.

As defined by Thaler and Sunstein [15, p. 6], a nudge is “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.” Different categories of nudges
exist [16]. However, when viewed through the lens of libertarian paternalism, they all have the same objective: to empower
individuals to make decisions that improve their quality of life and promote their well-being - as well as that of their environment -
through strategies that encourage beneficial choices while preserving individual freedom [17]. The contributions arising from the
concepts of nudge and libertarian paternalism have significantly enriched behavioral research and the study of choices, impacting
several fields such as economics [18], finance [19], public health [20], and psychology [21].

When putting nudge interventions into practice, several factors need to be considered. For instance, excessive choice manipulation
can trigger reactance [22], a form of psychological resistance that causes people to reject ideas or actions perceived as external
impositions. Indeed, a nudge is most effective when it operates through what Stanovich and West [23] and later Kahneman [24]
identified as “System 1” of human decision-making, characterized by its automatic, fast, and low-effort nature.

In addition to nudging, traditional approaches can also be used to encourage healthy choices and improve individual habits. Direct
approaches include nutritional education and awareness campaigns to equip individuals with the knowledge and skills to make
informed food choices. Indirect approaches, on the other hand, encompass economic incentives, taxation, and government
policies, such as financial rewards or penalties, designed to encourage or discourage specific behaviors [25]. However, these
strategies can be perceived as intrusive and often encounter resistance. In contrast, nudging initiatives are less invasive and more
cost-effective for the entities proposing them [26].

These characteristics have led to the implementation of a variety of nudge strategies to promote healthier eating [27] across
different contexts, such as cafeterias, restaurants [28], and supermarkets [29]. To encourage healthier choices, nudge interventions
tipically employ novel or personally relevant cues, messages promoting socially normative food selections, and strategies setting
healthy options as the default choice [30]. A meta-analysis [31] compared the effectiveness of these different strategies and found
that behavioral nudges (e.g., reducing unhealthy foods portion sizes or making healthy options more accessible) were the most
effective in reducing unhealthy eating, while cognitive nudges (e.g., providing nutritional information via labels) had a smaller
impact.

In educational settings, nudge initiatives often involve adjustments to food presentation and placement, implemented in
environments such as cafeterias. For instance, using smaller plates has been shown to reduce portion sizes and calorie intake [32],
while placing health-related posters can promote healthier choices [33]. Furthermore, setting the healthier option as default can
encourage its selection [34], and strategically rearranging buffets to include fruits and vegetables in a prominent position has been
shown to increase their visibility and facilitate their selection [35]. Additionally, placing sugar-sweetened beverages on the lower
shelf of refrigerators has been demonstrated to reduce their visibility and discourage their purchase [36].

While nudging has been extensively applied within educational environments in canteens and cafeterias, its implementation in
vending machines remains relatively understudied. Examples of nudge interventions in vending machines include [37] and [38]. The
first showed that nature-themed posters were more effective than those on other topics—e.g., sports—in promoting healthier snack
choices, while the second revealed that dark-colored vending machines led to a preference for caffeine beverages. In contrast,
strategies such as highlighting nutritional information or limiting high-calorie products are widely employed [39]. Among these,
limiting high-calorie options is the most invasive, yet appears to be the most effective way to promote healthier choices [40].

This limited use of nudge interventions in vending machines highlights the need for further research within this context, especially
within educational settings where they can significantly influence students’ dietary habits and well-being.

Beyond taste: How sensory inputs shape food choices.

Sensory inputs also have the potential to serve as effective tools for guiding dietary choices, holding promise for their
implementation as nudging cues within food environments.

Among sensory-based nudges, olfactory interventions have a unique influence on behavior, producing an immediate and instinctive
reaction operating below the level of conscious awareness [41]. Smell can alter our mood and, consequently, our behavior [42] due
to the strong overlap between brain regions processing smell and emotions [43]. For this reason, signals from retro- and ortho-
nasal olfaction play a key role in food choices [44]. Odors associated with unhealthy foods may prime consumers to make
unhealthy food choices [45]. In particular, exposure to sweet odors can influence the likelihood of purchasing sugary foods, while
savory odors tend to increase cravings for savory foods [46,47]. Moreover, non-food odors, such as cedarwood or eucalyptus, have
also been shown to affect our appetite and food preferences [44,47]. For example, a jasmine scent can significantly diminish
cravings for chocolate products [48] while promoting a sense of relaxation that can be related to reduced eating behaviour [49].

Visual cues, such as color and brightness, have also been shown to shape consumers’ expectations of a product’s healthiness [50]
and can be strategically used to encourage healthier food choices [51]. Packaging characteristics are often used in this context,
with elements such as lighter typefaces and specific colors like green [52] commonly associated with healthier food products [53].
Tonkin and colleagues [54] suggest that presenting a healthy food picture before making food choices can increase the likelihood of
selecting healthier options. Similarly, Kemps et al. [55] found that presenting a healthy food picture can reduce the subsequent food
intake. These types of visual-based interventions are frequently applied in food menu design, where presenting healthy cues
separately from other options has been found to enhance healthy food choices [56].
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Auditory cues can also influence food consumption frequency, preferences, as well as taste perception [57]. For instance, higher-
pitched music has been shown to encourage the selection of healthy options [58]. Conversely, low-volume music promotes
relaxation and increases healthy foods sales, while loud music increases arousal and leads to unhealthy food choices [59]. Finally,
listening to soundtracks considered “healthy”—i.e., featuring relaxing classical or jazz music—can promote healthier food choices,
with visual attention to those options acting as a mediating factor [60].

While these findings illustrate how cues from different sensory modalities can shape food choices - with the potential of fostering
healthier habits - research in neuroscience and psychology also highlights the role of multisensory integration in decision-making.
The convergence of different but congruent sensory inputs has been shown to enhance attentional focus, emotional engagement,
and cognitive efficiency, all of which contribute to more effective behavioral responses. For instance, congruent visual-olfactory
stimuli are identified more rapidly than unimodal stimuli, which facilitates object recognition and decision speed [61]. Similarly,
visual-olfactory stimulation can more effectively engage neural networks involved in memory and emotional processing compared
to unimodal stimulation [62]. These findings provide a theoretical foundation for the idea that combining visual and olfactory nudges
may result in more engaging environments, ultimately leading to healthier snack choices. Additionally, insights from different
research areas also emphasize that the absence of a multisensory interaction can impair emotional connection and attention [63],
further reinforcing the importance of (multi)sensory presence in shaping meaningful choices.

This raises two questions: which of these sensory cues is most effective in nudging towards healthier options? And is combining
them indeed more effective? To assess the efficacy of these different cues, it is essential to understand not only which one mostly
affects the final decision but also the cognitive and emotional processes that drive this decision, as different cues from different
sensory modalities trigger implicit responses that ultimately shape food choices. Indeed, odor exposure has been shown to
modulate brain activity [64] in the regions associated with odor processing and recognition [65]. Similarly, visual cues can activate
posterior brain areas [66], while auditory stimuli affect oscillatory dynamics in brain regions devoted to sound attention [67] and
localization [68]. Assessing and understanding these brain activations is essential as they are related not only to the sensory cues
themselves, but also to a variety of cognitive and emotional processes that shape consumers’ choices [69]. In this context, a
consumer neuroscience approach can provide useful insights by analyzing the impact of different sensory stimuli on consumers’
implicit cognitive and emotional processes, and could help explain why certain nudge interventions are more effective in shaping
behavior.

The role of consumer neuroscience in the study of food choices.

Research on consumer behavior has long highlighted the complexity of human decisions, challenging the traditional view of
consumers as purely rational. As Knutson and colleagues posit [70], models considering decisions as a rational assessment of
costs and benefits fail to consider factors such as emotions, cognitions, social influences, experiences, and contextual cues, which
significantly shape consumer preferences and choices. Therefore, to fully understand how food choices are made and how they
can be influenced by a nudge intervention, all these variables should be assessed. But how?

Consumer neuroscience addresses this gap by combining insights from neuroscience, psychology, marketing, and economics to
enhance our understanding of consumers [71]. The integration of traditional marketing methods with neuroscientific ones, such as
electroencephalography (EEG), skin conductance (SC) monitoring, and eye-tracking (ET), aims to better assess these cognitive
and emotional processes driving consumer behavior and decision-making processes [72]. Among the various applications of
consumer neuroscience —which include the study of stimuli such as packaging, commercials, static advertisements, and websites
[73], as well as different consumer experiences [74]—one of the most significant areas of investigation is indeed the one of food
choices [75].

In this area, the influence of environmental factors on healthy food choices has been studied through EEG to better understand
people’s responses to these cues. For instance, Piper et al. [76] found that picture-based warning labels on high-fat foods
significantly reduce purchasing intentions by eliciting negative emotions and activating the prefrontal cortex. Indeed, differences in
the prefrontal EEG activity can provide insights into consumers’ emotional responses and motivational behavior, through the so-
called Approach Withdrawal Index (AWI). AWI measures the activity between left and right prefrontal cortex, with greater left activity
associated with approach emotions and behavior, and greater right activity with withdrawal [77,78]. It is one of the most widely used
indices, based on the activation of specific cortical regions within distinct EEG frequency bands, to assess consumers’ emotional
and cognitive processes during tasks [72], such as food choices. Indeed, in the food choice context, AWI has proven effective in
predicting the pleasantness and the selection of food from the moment of cooking [79] and in assessing a greater interest in novel
foreign foods compared to familiar ones [80]. AWI has also reliably assessed people’s responses to different sensory cues, making
it relevant for the aims of this research. It has shown differences in consumer responses to pleasant vs unpleasant odors [81] and
has assessed how smell can improve emotional state and mood [82]. Similarly, it has shown its reliability in capturing people’s
emotional reactions to visual cues—such as pictures [83,84]—and auditory cues [85].

Beyond emotional and motivational responses, another key factor influencing food choice is consumer engagement, which not only
enhances product value but can also promote healthier choices by fostering consumer loyalty and influencing both intentions and
actual purchases [86]. Moreover, it is often linked to the elicitation of positive emotions [86]. Consumer engagement can also be
significantly influenced by sensory stimuli, as the integration of different, but congruent, sensory cues can create more immersive
and engaging consumer experiences [87]. Engagement is typically measured via EEG with the Beta/Alpha-Theta Ratio (BATR
index) [88,89], which could implicitly assess consumers’ attentional and cognitive processing during food selection.

In addition to EEG, other neuroscientific measures can offer insights into consumers’ emotional experiences related to food choice.
SC, for example, measures changes in sweating associated with the autonomic nervous system, making it a reliable indicator of
arousal, one of the main dimensions of emotional experiences [90]. Heightened SC has been observed when individuals encounter
their favorite food or drink [91], proving it as a predictor of food acceptance, stronger than self-reports [92]. While most studies
focus on general food preference and choice, SC can also assess emotional reactions to inform strategies that promote healthier
eating by aligning food offerings with positive emotional experiences [93]. SC can, therefore, be used not only to understand food
preferences but also to provide feedback on individuals’ emotional states in response to specific sensory stimulation. For example,
Manzoni et al. [49] showed that a state of relaxation can reduce eating. Since relaxation and arousal might represent different
emotional regulation strategies, using SC to measure relaxation toward a nudge intervention could indicate an emotional state
driveing lighter and healthier food choices.

Finally, along with EEG and SC-based measures, eye-tracking is another useful consumer neuroscience tool: by assessing gaze
patterns, fixation duration, and pupil dilation, it can reveal how visual elements capture consumers’ attention and guide their food
decisions. For instance, Wang et al. [94] showed that fixation on a healthy product can predict its subsequent choice. However,
looking at health labels does not consistently result in healthier choices [95]. Furthermore, research indicates that consumers look
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more at high-calorie than low-calorie foods [96], at selected foods than unselected ones [96], and that they are more willing to pay
for foods that have been previously observed by others [97]. Another aspect studied through eye-tracking is the attention given to
products based on their placement. It is established that eye-level shelf positioning attracts more attention and increases product
selection [98]. Eye-tracking studies have confirmed that eye-level products receive more fixations [99] and that, consequently,
placing healthy foods in that position can promote healthier choices [100].

These consumer neuroscience findings contribute to understanding the mechanisms underlying food choice behavior and
emphasize the importance of the cognitive and emotional processes affecting these decisions. A consumer neuroscience approach
integrating behavioral analysis with EEG, SC, and eye-tracking has the potential to not only facilitate the nudge interventions
assessment, but also to contribute to a deeper understanding of the implicit mechanisms influencing food choices, ultimately
informing the design of more effective health interventions.

Research objectives and hypotheses

Based on research highlighting the negative impact of vending machines options on student diets [7,8], the limited use of nudge
interventions in this context, and on literature indicating how specific sensory stimuli can facilitate healthier food choices (e.g.,
visual [37] or olfactory cues [48]), this research aims to explore how sensory stimuli in vending machine settings can nudge
students towards healthier snack choices.

Three sensory stimuli will be tested: olfactory (O), visual (V), and a combination of both (VO), compared to a neutral condition (N)
(for further details on O, V and VO stimuli, refer to Section “Experimental nudge conditions”). Although literature also indicates the
role of auditory cues in food choices, we decided to focus on olfactory and visual stimuli, as they can be more easily transferred to
real-world settings (while, for instance, the implementation of music in university corridors during lecture breaks may prove
ineffective due to excessive external noise).

As sensory stimuli can influence food choice behavior not only explicitly but also implicitly at cognitive and emotional levels
[49,82,83], this research goes beyond merely comparing snack choices across nudge conditions: it aims to assess the implicit
emotional, cognitive, and attentional impacts of these interventions. For this reason, consumer neuroscience tools will be used. SC
will measure emotional arousal, the EEG-based AWI will estimate emotional responses and motivational behavior [78], the EEG-
based BATR Index will measure engagement [89], and eye-tracking will assess visual attention [101]. These measures constitute
the most popular toolkit in consumer neuroscience, having been adopted in 35%, 10%, and 15% of studies, respectively [102].
These dimensions will be compared across nudge conditions, as well as throughout the decision-making process flow, which has
been divided into two distinct phases: the observation (Observation) of the vending machine and the subsequent actual snack
choice (Choice).

This two-phase structure is based on decision-making research, which suggests that the initial observation phase strongly shapes
preferences [103,104], while the choice phase is associated with higher cognitive activation, emotional arousal [105,106],
motivational responses [107] and engagement [108]. Eye-tracking studies also show that early observations can predict later
choices [94,96]. However, to fully understand the underlying mechanisms, eye-tracking data should be integrated with
neurophysiological measures. By considering both attentional responses (eye-tracking) and neurophysiological reactions (SC and
EEG) from the very first moments of product observation, we can gain deeper insights into decision-making processes under nudge
conditions.

The following research questions and hypotheses have been developed based on their corresponding levels of analysis
(behavioral, neurophysiological, and attentional). Table 1 provides a summary of the different analyses with their respective
contribution, measurements, and methods used.

Table 1. Current study’s levels of analysis.
https://doi.org/10.1371/journal.pone.0325804.t001

Behavioral analysis. This level of analysis aims to evaluate how different nudge interventions influence food choices. Building on
literature highlighting the effectiveness of olfactory and visual cues in nudging healthier selection [37,48] and that multisensory
effectiveness over unimodal approaches [61,62,109], we hypothesize that:

H1: Nudge interventions will lead to a higher selection of healthy snacks compared to N, with VO condition being more effective than V or O in increasing the
selection of healthy snacks.

Neurophysiological analysis. This level of analysis aims to evaluate consumers’ cognitive and emotional states evoked by the
different nudge conditions, assessing physiological arousal via SC, emotional direction and interest via AWI, and engagement via
BATR. Building on the literature linking a relaxed state to healthier food choices [49], we hypothesize that:

H2: Nudge interventions will result in lower levels of SC compared to N, indicating an increased state of relaxation induced by the nudge, with VO condition
resulting in even lower SC compared to V or O.

Since AWI can effectively assess consumers’ response to olfactory and visual stimuli [82,83], and reliably reflect the interest in
specific foods [79,80], we hypothesize that:

H3: V and O nudge interventions will result in higher AWI compared to N, indicating increased motivation and interest toward the snacks induced by the
nudge, with VO condition resulting in even higher AWI compared to V or O.
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Given the importance of engagement—measured via BATR—in promoting healthier food choices [86], and considering how it can
be influenced by external sensory cues [87], we hypothesize that:

H4: V and O nudge interventions will result in higher BATR compared to N, indicating increased cognitive engagement induced by the nudge, with VO
condition resulting in even higher BATR compared to V or O.

As decision-making processes are typically associated with heightened physiological arousal [106], motivational responses [107],
and cognitive engagement [108], we hypothesize that:

H5: The actual snack choice will result in higher SC, AWI, and BATR than simply observing the vending machine.

Attentional analysis. This level of analysis aims to assess how different nudge interventions and different snack positioning on the
shelves influence attention toward them. Since nudge interventions are expected to increase healthier snacks selection [37,48], we
hypothesize that:

H6: V and O nudge interventions will lead to increased attention to healthier snacks, compared to N, with VO condition resulting in even higher attention paid
to healthier snacks compared to V or O.

Moreover, since both traditional studies [98] and eye-tracking research [99] highlight the advantage of positioning food products on
eye-level shelves, we hypothesize that:

H7: Positioning healthy snacks at eye level rather than on lower shelves will result in increased attention to them
Materials and methods

Participants

A total of 88 students (64 females, 24 males) from IULM University (Milan, ltaly), with ages ranging from 19 to 31 years (M = 21.12,
SD = 2.16), participated in the study voluntarily. As this study is intended to become an intervention at IULM University, the sample
was selected to reflect the institution’s gender proportions (73% female) and was distributed evenly across the different
experimental conditions (Gender=Condition Contingency Table: *(3) = 6.765, p = .08).

The sample size was previously assessed through two sensitivity analyses conducted via G*Power 3.1.9.6 [110]. The “Goodness-
of-Fit for Contingency Tables” model (with o« = .05, 1-3 = .95, df = 2, N = 88) yielded a minimum detectable effect size of w = .419,
while the one for the Within-between Experimental Design (with «« = .05, 1 - 3 = .95, N =88, Nmeasures = 2, p = .50, ¢ = 1) yielded
an effect size of f=.226. The effect sizes, interpreted respectively as “ medium-to-large” and “small-to-medium” [111], are lower
than the “more-than-large” median value (d = .93) commonly found in recent experimental psychology and neuroscience literature
[112].

Eligibility criteria included the absence of food allergies or dietary restrictions (e.g., vegan diet) and non-smoking status to
guarantee uniform exposure to nudge cues and to account for potential olfactory impairments in smokers [113]. Participants were
informed about the study’s non-invasive nature, voluntary participation, and data anonymity; however, they were not informed about
the study’s purpose until the end of it. Additionally, participants were rewarded with a complimentary healthy snack at the end of the
experiment, which they had not been informed of to prevent any potential influence on their decisions. Participants recruitment and
data collection started on September 23, 2024 and ended on December 20, 2024.

The study was conducted in accordance with the Declaration of Helsinki and was approved by the IRB (approval n. 0073876). All
participants provided written informed consent before taking part in the study. The consent forms were signed both by each
participant and by a research team member and securely stored in accordance with local Data Protection Regulations.

Instruments

Our specific research questions and objectives led us to use the following neuroscientific tools: electroencephalography (EEG), skin
conductance (SC), and eye-tracking. Please refer to Table 1 for an overview of these tools, their metrics, and their corresponding
research purposes.

Electroencephalography (EEG).

The EEG was recorded via the NVX-36 device (Medical Computer Systems, Ltd., Moscow, Russia) with 22 Ag/AgCl electrodes on
Fp1, Fp2, F7, F3, Fz, F4, F8, T3, C3, Cz, C4, T4, T5, P3, Pz, P4, T6, Po3, Po4, O1, Oz, 02, 2 Ag/AgCI clips on the left and right
ear lobes, and 1 Ag/AgCl adhesive patch on the right mastoid (M2). A monopolar montage referenced to M2 was used. The
sampling rate was 2kHz, the vertical resolution 24 bits. Before electrode application, the skin was prepared with scrubbing gel (Nu
Prep, Spes Medica, S.r.l.) and conductive cream (Neurgel, Spes Medica, S.r.I.) to keep electrode impedance below 10 k() [114].
Signal quality was checked before starting the recording, controlled by the NeoRec software (Medical Computer Systems, Ltd.).

Skin conductance (SC).

The SC was acquired via the GSRSens sensor (Medical Computer Systems, Ltd., Moscow, Russia) through 2 Ag/AgCl electrodes
on the non-dominant hand index and middle finger. Following international recommendations [115], the conductance was estimated
through the constant voltage mode (0.5V). The GSRSens was connected to one auxiliary input of the NVX-36: the SC signal was,
thus, digitized at the same sample rate and vertical resolution as the EEG.

Eye-tracking.

The eye-tracking was recorded via the wearable head-mounted Tobii Pro Glasses 3 (Tobii AB, Stockholm, Sweden). Gaze position
was tracked at a 100 Hz sample rate with an accuracy of 0.6° according to the dark-pupil mode [116] through 16 infrared LEDs and
4 cameras. The recording was controlled by the Glasses 3 Controller app (Tobii AB).

Instrumentation fitting and data synchronization.

As participants were required to stand, move, and interact with the vending machine and its products, the NVX system and the eye-
tracking recording unit were placed in a backpack worn by the participant.
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A trigger-based approach was used for offline data synchronization. At the beginning of the recordings, the Tobii Glasses 3
generated a TTL pattern recorded from the NVX-36 through the ESB, a custom-made EEG Synchronization Box [117].

Experimental procedure

The experiment took place at the IULM University NeuroRetail Lab, where a section of shelves was arranged to replicate a vending
machine (Eig_1). Specifically, we recreated a real vending machine from our university campus, located near the lecture halls most
frequently used by students. The replication ensured consistency in vending machine dimensions, product quantity, arrangement,
and positioning. Product selection reflected that of our campus vending machine, including sweet (e.g., cakes, brownies, chocolate
bars) and savory snacks (e.g., crackers, breadsticks, chips), and beverages (juices). Water was excluded. Prices were maintained
as they are critical for product evaluation [118], and their removal would have compromised the study’s ecological validity.

Fig 1. Vending machine replica used in the lab experiment.

The vending machine replica setup mirrors the actual vending machine on our university campus, ensuring consistency in
dimensions, product quantity, positioning, and pricing. For copyright reasons, the products’ details have been blurred.
https://doi.org/10.1371/journal.pone.0325804.g001

Participants arrived and sat in front of a 23.8" LCD monitor at a distance of 60cm. First, EEG and SC sensors were positioned;
then, participants wore eye-tracking glasses, adjusted to ensure a comfortable fit and clear vision. Participants were instructed to
stay as still as possible to ensure eye-tracking accuracy and reduce SC and EEG artifacts. Once the preparation was completed,
the eye-tracking was calibrated. Participants then underwent two relaxation phases to record baselines: the first (EYC), with eyes
closed, lasted 60s, and the second (BSL), with eyes open while observing a black screen with a white dot in the center, lasted
120s. Finally, to fully engage participants in the task, establish a consistent scenario across all participants, and simulate a realistic
purchasing experience at university vending machines, the researcher provided a tailored briefing: “Imagine a typical day at
university. You'’re in the IULM1 building. You've already attended a few classes, and now it's mid-afternoon, around 4:30 p.m. You'’re
starting to feel slightly tired and need to take a short mental break. As you walk through the university halls, still thinking about the
class you just finished—or the one coming up—your eyes land on a vending machine. It’s one you've passed many times before,
filled with the usual snacks and drinks. You walk toward it.”

Participants were thus guided into the experimental room. Here, the illumination was controlled, with only the area surrounding the
vending machine illuminated, directing attention to it while keeping the rest of the room dimly lit. Following the literature on the
phases of the decision-making process [103—108], participants were then asked to:

— first, stand in front of the vending machine to observe it and its products for 10s, based on the literature on product shelf observation [119,120], to compare
observation behaviors across conditions in the attentional level analysis (Observation phase);

— then, following the researcher’s instructions, they indicated the product they would have selected (Choice phase). Time restrictions were not implemented in
this phase.

Participants then completed a final questionnaire to control for variables such as BMI, hunger level, and general health interest,
ensuring they were consistent across conditions and did not impact the nudge intervention. BMI was assessed with participants’
weight and height (BMI= Weight/heighlz). Hunger level was assessed with a single item, and general health interest with the
General Health Interest dimension of the Attitudes Towards Health and Taste Scale - ltalian version [121]. Both hunger level and
general health interest items had to be answered on a 1 to 6 scale chosen to discourage neutral responses by omitting the middle
option [122].

The entire experimental procedure had a total duration of a5’ per participant.

Experimental nudge conditions.

Participants were randomly assigned across 4 experimental conditions, each corresponding to a different nudge intervention.

— Neutral (N): Participants were presented with the vending machine replica without any nudge.
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— Visual (V): Drawing on literature showing that visual cues—i.e., nature-themed images—are effective in promoting healthier choices [37], a nature-themed
image was employed as visual nudge. The image, consistent with the original study’s specifications regarding the object, colors, contrast, and brightness,
measured 5{) x T() cm and was positioned at eye level on the left side of the vending machine (S1 Fig).

— Olfactory (O): Based on literature indicating the efficacy of olfactory cues in promoting healthier eating, such as the finding that jasmine scent reduces
chocolate cravings [48], participants were presented with the vending machine accompanied by a jasmine scent. A jasmine essential oil was diffused in the
room via an aroma diffuser, activated 30 minutes before participants’ arrival, set on a continuous mode to ensure accurate scent diffusion, and positioned out
of sight to avoid participants’ awareness of the intervention. The essential oil and the aroma diffuser are shown in S2 Fig.

— Visual + Olfactory (VO): Participants were presented with the vending machine replica accompanied by both visual and olfactory nudges. Given that both
visual and olfactory cues can effectively promote healthier choices, this condition was implemented as we expect an incremental effect from combining these
two interventions.

Participants assigned to the O and VO conditions completed the experiment on different days from those in the V condition,
ensuring that the V condition, which did not involve any scent, remained completely unaffected by any odor that could have
remained in the experimental room.

Snack classification.

The classification of the vending machine snacks as Healthy or Unhealthy was based on a questionnaire, as snack’s perceived
healthiness depends more on packaging communication than its actual nutritional content. In the context of vending machines,
consumers are indeed unable to directly access the nutritional information of products and are therefore required to rely on
packaging cues to assess their perceived healthiness [123,124]. This perception-based categorization of snacks through
questionnaires was in fact adopted in other similar studies [37].

Snack’s perceived healthiness was assessed by the Health dimension from the Food Choice Questionnaire [125]. It comprised 6
items, first translated into the target language (ltalian) and then back-translated to the original language to ensure consistency.
Participants were presented with images of each snack available in the vending machine (N = 26) and asked to indicate their
agreement with each item on a Likert scale (1 = strongly disagree, 6 = strongly agree). To prevent any presentation order bias,
product images and questionnaire items were randomly presented. The questionnaire was distributed online and completed by a
total of 131 voluntary participants (68% females, 31% males, 1% nonbinary), aged 19-64 years (M = 26.24, SD = 6.46). Given that
students from our university were recruited as participants for the aforementioned experimental study, they were excluded from
completing this questionnaire to preclude any potential influence on their following product selection. Responses from participants
with food allergies, intolerance, or following specific diets (e.g., vegan) were also excluded, leading to a final sample of 100
respondents (65% females, 35% males) aged 20—64 (M = 26.51, SD = 7).

Internal reliability analysis (S1 Table) showed excellent reliability within the Health dimension (cv>.9), meeting the criterion of
exceeding .70 [126].

Product perceived health scores were computed (S2 Table) and, following similar studies [127], dichotomized into two categories
based on a median split: Healthy (scoring above median) and Unhealthy products (scoring below median). Snacks’ perceived
health scores significantly differed between Healthy (M = 12.74, SD = 3.857) and Unhealthy (M = 7.877, SD = .372) snacks ({(24) =
—4.526, p<.001).

Data processing

EEG and SC signals were processed using Matlab (The Mathworks, Inc., Natick, MA, USA), according to a previously adopted
pipeline [128].

The EEG processing was carried out with the EEGLab toolbox [129]. The EEG signal was re-referenced to the linked earlobes, re-
sampled to 512 Hz and filtered with a band-pass (0.1-30 Hz) and notch (50 and 100 Hz) filter. Non-stationary artifacts (e.g.,
movements and external noise) were corrected through the Artefact Subspace Reconstruction [130], while stereotypical artifacts
(e.g., blinking and muscular noise) were corrected through the Independent Component Analysis based on SOBI algorithm [131]
and ICLabel classifier [132]. Finally, a re-reference to the Current Source Density was applied to increase the spatial resolution at
the sensor level [133]. The cleaned EEG was aligned to the starting TTL pattern and epoched according to task onset and duration.
For each subject, the Individual Alpha Frequency (IAF)—the center of gravity of the Power Spectral Density (PSD) within the
extended alpha range (7.5-12.5Hz) [134]—was computed. In the IAF calculation, the mean PSD averaged across all the occipital
channels was considered. The PSDs were computed on the EYC data according to Welch’s method with a 1s-long Hamming
window and 50% overlap. The IAF defined the individual alpha band o« = [IAF - 2; IAF + 2| [135].

The SC was band-pass filtered (0.001 —0.35Hz) and down-sampled to 32Hz. Then, artifactual points were identified as those
exceeding three thresholds (minimum amplitude of 0.05 /¢S, maximum amplitude of 60 /S, rate of change of 48 /:S/s) and replaced
by a linear interpolation [136]. SC signal was finally aligned to the starting TTL pattern and epoched according to task onset and
duration.

From the EEG signal, AWI was computed as the difference of i« powers between right and left prefrontal channels, while BATR was
calculated as the ratio between 3 powers and the sum of & and ¢ powers across all EEG channels. The calculation was based on
the Short-Time Fourier Transform with a 1s-long Hamming window and 50% overlapping, as it shows better performances
compared to the filtering approach [137].

To reduce inter-subject differences between the neurophysiological signals, AWI, BATR and SC were z-scored according to the
mean and standard deviation values within the BSL epoch [138]. Then, they were temporally averaged to obtain a condensed
stimulus-related value [139].

Eye-tracking data was processed and analyzed using Tobii Pro Lab (Tobii AB), with areas of interest being created on target stimuli
(healthy snacks) to extract the following measures:
— Time Spent (TS), the total duration of fixation (ms) on the Healthy snacks; it provides insights into the overall attention allocated to that area.

— Time to First Fixation (TTFF), the temporal difference (ms) between stimulus presentation (Healthy snacks) and the first fixation on it; it offers insights into
initial attentional capture.

https://journals.plos.org/plosone/article7id=10.1371/journal .pone.0325804
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Examples of the application of these eye-tracking measures in consumer neuroscience studies can be found in the works of Russo
and colleagues [128,140].

Statistical analysis

Statistical analyses were performed via R Statistical Software, v4.1.2 [141], using the contingecytables, v3.0.1 [142] package for
the behavioral level analysis, and the Ime4, v1.1-35.5 [143], emmeans, v1.10.5 [144], ggplot2, v3.5.1 [145], and afex, v1.4-1 [146]
packages for the neurophysiological and attentional level analyses.

The homogeneity of the sample regarding BMI, Hunger level, and General Health Interest across conditions was evaluated through
a 1-way ANOVA, considering as factors the experimental condition (4 levels: N, V, O, VO).

For the behavioral level analysis, to assess the differences in the product choice due to the experimental conditions, three 2 » 2
contingency tables (i.e., [N vs V] x [Healthy vs. Unhealthy], [N vs O] x« [Healthy vs. Unhealthy], [N vs VO] x [Healthy vs. Unhealthy])
were computed and chi-squared tests were applied.

For the neurophysiological level analysis, for each y-neurophysiological index (AWI, BATR, and SC), 3 linear mixed models (LMMs)
were tested, including Condition (N, V, O, VO) and Phase (Choice, Observation) as fixed effects and subjects as random intercept
effect. To choose models, we performed model fit comparisons using AIC, BIC, through the R-base function anova [147,148] setting
y ~ Condition*Phase + (1l subjects) as the full model. Other 3 models were tested: no interaction between Condition and Phase,
only Condition, and the null model. Model fit comparison results are reported in the S1 Appendix (Section 1). Planned contrast used
the R-standard dummy code with N for Condition and Choice for Phase as reference levels. For the attentional level analysis, two
LMMs were tested (one for TS and one for TTFF), including Condition (N, V, O, VO) and product Shelf positioning (Above, Below)
as fixed effects and subjects as random intercept effect. Regarding snack positioning on shelves, given the presence of 6 shelves
in the vending machine, snacks positioned on the 3 shelves above were classified as “Above,” while snacks positioned on the 3
shelves below were classified as “Below.” For both TS and TTFF, model fit comparisons were performed to choose models, using
AIC, BIC, and 2 through the R-base function ANOVA [147,148] and setting y ~ Condition*Shelf + (11 subjects) as the full model.
For both measures, 4 other models were tested: no interaction between Condition and Shelf, only Condition, only Shelf, and the
null model. Model fit comparison results are reported in the S1 Appendix (Section 2). Planned contrast used the R-standard dummy
code with N for Condition and Above for Shelf as reference levels. For all the LMMs implemented for neurophysiological and
attentional level analyses, outlier removal, assumptions of linearity, homoscedasticity, normality of the residuals, and collinearity
(VIF) were graphically assessed using the R-based performance package, v.0.13.0 [149]. In cases where collinearity was detected,
it was evaluated whether it was structural by examining the type (fixed effect vs interaction), condition number (k), the stability of the
design matrix, and the reliability of standard errors of the model estimates [150]. Moderate deviations from residual normality were
first evaluated using simulation-based QQ plots with Monte Carlo-generated envelopes, also testing logarithmic transformation
models to determine whether such violations affected the overall interpretation of the model, including the direction and significance
of the effects [151]. Post hoc tests on estimated marginal means were corrected using Holm’s method. No convergence issues
emerged during the models’ running for estimating parameters.

Results

The groups exposed to the different nudge conditions resulted balanced in terms of BMI (F(3,83) = .092, p = .965, 7 = .003),
Hunger level (F(3,83) = 1.075, p= .364, * = .037) and General Health Interest (F(3,83) = .764, p = .518, > = .027).

Behavioral level

Chi-squared tests indicated an association between the O condition (y?(1) = 4.125, p =.042, ¢» = .306) and the V condition (%(1) =
5.350, p =.021, & = .349) and snack choice (Table 2). While in the N condition, 14% of the selected snacks were healthy, in V and
O conditions, 45% and 41% of the chosen snacks, respectively, were healthy. In contrast, in the combined condition (VO), only 36%
of the chosen snacks were healthy. While this represents an increase in healthy snack choices compared to the N condition, it is
not statistically significant (y?(1) = 3.030, p =.082, ¢ = .262).

Comtageney TS LY -0 Consagrncy Tl .3V

Table 2. Behavioral results.
https://doi.org/10.1371/journal.pone.0325804.t002

Neurophysiological level

Table 3 reports the descriptive statistics (Mean and SD) of the three neurophysiological measures, namely AWI, BATR and SC.

Table 3. AWI, BATR and SC descriptive statistics.
https://doi.org/10.1371/journal.pone.0325804.t003

https://journals.plos.org/plosone/article7id=10.1371/journal .pone.0325804
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The model tested for AWI was the full model, including Condition and Phase and their interaction (Eig_2). Planned contrast in
Condition highlighted a significant difference between the reference level and the VO condition, which showed lower AWI (3 =
—.617, SE = .200, t = -3.076, p<.01). Observation showed lower AWI than the reference level (3 = —.485, SE = .15, t = — 3.244,
p<.01). However, a significant interaction was found between the VS condition and Observation. The condition VO seems to
increase the AWI of the Observation phase if compared to the Choice phase (3 = .746, SE = .211, t = 3.530, p<.001). Post hoc
tests on estimated marginal means were performed on the interaction between Condition and Phase. Results confirmed the
significant increase in AWI of the Choice phase compared to the observational phase only in the N condition (Mean Diff. = .485, SE
=.150, t=3.243, p = .036) but did not show any other significant difference. Random effect analysis showed a dispersion around
the intercept of SDintercept = -413 with an unexplained residual variance SDintercept = -464. This pattern indicates that while AWI
responses were substantially shaped by experimental conditions, a considerable portion of variance was attributable to individual
differences in baseline neurophysiological responsiveness.

EMMs of AW for Condition and Phase

Phase

Estimated Marginal Moans (emasean)
4

Fig 2. AWI EMMs.
EMMs of AWI on phase (choice, observation) and condition (N, O, V, VO). Bars highlight a 95% confidence interval.
https://doi.org/10.1371/journal.pone.0325804.g002

The model tested for BATR included Condition and Phase without interaction. Results (Fig_3) showed that neither planned contrast
nor post hoc on Condition showed any significant difference. However, the Phase fixed effect showed a decrease of BATR in the
Observation phase compared to the Choice (3 = —.637, SE = .149, t=-4.257, p<.01). No additional significant differences were
provided with post hoc tests. The random standard deviation around the intercept was SDjntercept = 1.517 with a residual SDintercept
= .648. This indicates that BATR levels varied widely between individuals regardless of the experimental condition, suggesting, as
expected, high inter-individual variability.

EMMSs of the Cognitive Engagement (BATR) for Condition and Phase
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Fig 3. BATR EMMs.
EMMs of BATR on phase (choice, observation) and condition (N, O, V, VO). Bars highlight a 95% confidence interval.
https://doi.org/10.1371/journal.pone.0325804.9003

The model tested for SC included both Condition and Phase without interaction. Planned contrast showed a significant decrease of
both O (3 =-5.560, SE = 2.579, t=-2.156, p = .036) and VO (7 = -5.583, SE = 2.608, t=—-2.141, p = .035) condition if compared
to the reference level. No significant contrast with the V condition was found. The Observation phase showed significantly lower SC
if compared to the reference level (3 = -.590, SE = .2476, t = —-2.384, p = .020). Post hoc tests did not show any additional
significance (Fig_4). The random standard deviation around the intercept was SDintercept = 7-473 with a residual SDintercept = 1.455.
Again, these results highlight strong between-subject variability in baseline skin conductance levels, suggesting that physiological
arousal differed substantially across participants.

EMMSs of the Skin Conductance (SC) for Condition and Phase
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Fig 4. SC EMMs.
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EMMs of SC on phase (choice, observation) and condition (N, O, V, VO). Bars highlight a 95% confidence interval.
https://doi.org/10.1371/journal.pone.0325804.9004

Attentional level

The model tested for TS was the full model, including the interaction between Condition and Shelf. Planned contrast on Condition
showed a significant increase of TS on healthy snacks in O (3 =.150, SE = .055, t=2.707, p<.01) and V conditions (/3 = .155, SE
=.056, t=2.769, p<.01), compared to N condition. No significant difference between the reference level and VO condition was
found. Shelf position did not show a significant difference between Above and Below, but significant interactions were found with
specific conditions. In particular, placing products on the Below shelves significantly decreases the TS on healthy snacks in both O (
73 =-.162, SE=.082, t=—1.964, p<.05) and V (7 =-.197, SE = .084, t = —2.339, p<.05) conditions, but no significant interaction
was found between Shelf and the VO condition. The dispersion around the intercept was small, with a value of only SDIntercept =
.027 and a residual standard deviation SDResidual = .387. This pattern indicates that between-subject variability in baseline Time
Spent was negligible and that most of the variance originated within subjects across trials. Such a structure suggests that
engagement was more strongly shaped by experimental conditions than by stable individual differences. Post hoc tests on EMMs
(shown in Fig_5a) confirmed significantly higher values of TS on healthy snacks in the Above shelves if compared to the Below ones
for both O (Mean Diff. = .203, SE = .056, t= 3.614, p<.01) and V (Mean Diff. = .237, SE = .058, t = 4.065, p<.01) conditions. No
significant results related to shelf levels were found for N and VO conditions.
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Fig 5. Eye-tracking metrics EMMs.

EMNMs of time spent, TS (a) and time to first fixation, TTFF (b) on Condition (N, O, V, VO) and healthy snacks positioning in
the vending machine shelves (above, below). Bars highlight a 95% confidence interval.
https://doi.org/10.1371/journal.pone.0325804.g005

The model tested for TTFF was the full model, including the interaction between Condition and Shelf. Planned contrasts on
Condition showed an increase in TTFF on healthy snacks in O (4 = 1.809, SE = .506, t=3.572, p<.001), V (3 =1.641, SE=.513, t
=3.200, p<.01), and VO (7 =2.491, SE = .522, t = 4.772, p<.001) conditions compared to N condition when products are in the
Above shelves. Generally, placing healthy snacks on the Below shelves significantly increases their TTFF (3 = 1.456, SE = .503, t
=2.892, p<.01) in the N condition, but significant negative interactions were found for both O (3 =—-1.610, SE = .679, t=-2.369,
p<.05) and V (4 =—1.690, SE = .693, t = —2.438, p<.05) conditions. A negative interaction was also observed in the VO condition,
but it was not significant. Post hoc tests on EMMs (Eig_5b) confirmed an almost significant decrease of TTFF on healthy snacks on
the Below shelves compared to the Above ones in the N (Mean Diff. = -1.456, SE = 0.505, t=-2.887, p = 0.072), V, and O
condition, but not in VO. The dispersion around the intercept was almost one second SDntercept = 0.797 with a residual standard
deviation of SDResiqual = 3.132. This indicates moderate between-subject variability in baseline TTFF, with a larger share of
variance stemming from within-subject fluctuations across trials.

Discussion

Research to date highlights the multifaceted nature of nudges and their potential in promoting healthier food choices. However,
most nudge interventions focus on visual aspects of the environment (playing with colors, posters, and positioning), overlooking
other sensory inputs such as smells. Additionally, they are typically implemented in settings such as cafeterias, with less attention
paid to an important context where people frequently purchase unhealthy food: vending machines.

The objective of our research was to investigate the impact of different nudges targeting different sensory channels on students’
snack selections at university vending machines. Our aim was twofold: first, to evaluate the efficacy of the nudge intervention;
second, to elucidate and assess the cognitive, emotional, and attentional processes that shape food choices. Three nudge
conditions were tested: a Visual cue (a nature-themed image, V), an Olfactory cue (a jasmine scent, O), and a combination of both
(VO), and compared to a no intervention neutral condition (N). Along with behavioral analysis, consumer neuroscience tools (EEG,
SC and eye-tracking) were implemented to assess the emotional, cognitive, and attentional correlates of these conditions, and
throughout the snack decision process (Observation vs. Choice phase). The results revealed interesting differences shaped by the
nudge interventions, with effects varying across behavioral, neurophysiological, and attentional levels of analysis.

Behavioral level: single cues enhance healthy selection, combined cues fall short

The behavioral comparison of snack choices across experimental conditions revealed a significant increase in healthy snack
choices in both V and O conditions. These findings are consistent with prior research, which has shown how a nature-themed
image [37] or a jasmine scent [48] could facilitate healthier food choices, and partially confirm the first hypothesis (H1).

In contrast, in the combined condition (VO), the selection of healthy snacks was not significantly higher than in the neutral one,
suggesting that the simultaneous use of two different nudges may not be as effective as hypothesized. This lack of effectiveness
could potentially be attributed to a cognitive load arising from excessive sensory stimulation and from the use of two nudges
conveying different messages: on the one side, the intense jasmine scent and on the other side, the image of a tree, which may
result as incongruent [152,153]. This idea has already been explored in previous research, which has primarily focused on the
interaction of nudges within the same sensory modality[154—157], but with inconclusive findings that highlight the need for further
research into this effect. Another potential reason for the reduced effectiveness of multiple sensory cues is a lack of synergy, where
different sensory stimuli may conflict rather than complement each other. For instance, olfactory stimuli can alter visual perception,
even influencing brain activity in the visual cortex [158]. In this case, instead of enhancing the visual cue, the added scent may
have disrupted its effect. This aligns with research showing that cross-modal conflicts can arise between visual and olfactory
stimuli, with scent sometimes exerting a dominant influence over visual processing [159].
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Neurophysiological level: Effective nudge inter i induce rel ion and approach behavior
The behavioral insights are supported by the neurophysiological data from SC and EEG.

The SC, reflecting physiological emotional arousal, was lower in the nudge conditions compared to the neutral one, during both
Observation and Choice. Significant differences were observed between the O and VO—but not V—conditions compared to the
neutral one, partially confirming H2. This is consistent with previous studies showing how olfactory cues can influence arousal
levels and decision-making processes [48]. Indeed, the olfactory system’s direct connections to areas such as the amygdala and
hypothalamus [160] may trigger rapid emotional responses that significantly affect behavior and choices [161]. Manzoni and
colleagues [49] further demonstrated that a relaxed state is associated with better dietary control. Thus, olfactory stimuli promoting
relaxation—as shown by lower SC—may potentially encourage healthier food choices. Relaxation can indeed reduce stress and
anxiety —factors that contribute to unhealthy eating habits—finally improving healthy eating in specific conditions [162,163]. So,
even if its direct impact on reducing energy intake or cravings may indeed be limited, the sense of relaxation could still support
strategies for promoting healthier food choices. Moreover, contrary to H2, the combined condition did not lead to lower SC than the
single nudge conditions. This is consistent with the behavioral data, where the combined intervention did not outperform the single
nudges, suggesting that the combined condition may not be able to induce greater relaxation and may instead increase cognitive
load. Finally, the Choice phase evoked higher SC than the Observation phase, likely due to the action of making a choice, a
moment that typically induces greater arousal [106].

Regarding EEG, AWI measured participants’ emotions and motivational behavior [78] between conditions and phases. Higher AWI
values were generally higher during Choice than Observation, partially disconfirming H5. However, a peculiar dynamic emerged in
the combined condition, characterized by a significant AWI decrease during Choice. This could be because, in line with the previous
analyses identifying the Choice phase as the most activating [106], the greater cognitive fatigue induced by the combined
intervention’s multisensory stimulation may lead the subjects to withdraw from the task [164], as reflected in the lower AWI values.
This is also consistent with prior research highlighting that different sensory modalities do not always work in harmony [158], and
can instead compete, particularly for attentional resources [165]. In our case, this may have led to cognitive disengagement,
causing participants to withdraw from the presented task and stimuli. Finally, the EEG-based measure of engagement (BATR)
showed no significant differences between conditions. However, it was higher during the Choice phase than the Observation phase,
supporting H5. This finding aligns with previous research indicating that the actual product choice elicits greater engagement
compared to simple observation [166] and is consistent with SC data, further reinforcing the idea that the act of choosing a product
requires higher cognitive and emotional activation. Thus, H3 and H4 are not confirmed, while H5 is only partially confirmed.

Attentional level: Combining cues distracts from healthy foods, while eye-level positioning enhances their visibility

Our eye-tracking analysis confirmed the effect of shelf positioning on visual attention: placing healthy snacks below eye level
reduces their visibility, leading to less time spent observing them, which supports H7. This finding aligns with prior research showing
that products positioned on top shelves attract more attention and are more likely to be chosen [167], as consumers typically
evaluate only a limited subset of options [168]. This insight is particularly relevant for vending machine design, where the strategic
placement of healthy products at eye level [169] can be used to promote healthier choices.

While acknowledging that consumer attention and choice can be shaped by situational factors like time pressure [170] and
contextual cues designed to capture attention or modify perceived value—e.g., health labels [171], traffic light systems [172], or
pricing strategies [10]—our findings reveal that the general recommendation to position target snacks at eye level is influenced by
the nudge conditions, partially confirming H6. While V and O conditions increased attention toward healthy snacks placed on top
shelves, VO condition did not, resembling the N condition’s exploratory patterns. This aligns with our behavioral and
neurophysiological findings indicating that the VO condition may be less effective in promoting healthy food choices, likely due to
the cognitive load or cross-modal competition for attentional resources [165], which may divert people’s attention away from
healthier snacks [173] rather than enhancing their salience.

Theoretical and practical implications

Theoretically, this research contributes to the literature on food choice architecture and emphasizes the need for interventions
targeting single, specific sensory cues to promote healthier behaviors. An important contribution of this study lies in its
neurophysiological insights into the cognitive and emotional dynamics of food choices, and into how they can be shaped by sensory
cues. While prior research has focused primarily on the behavioral aspects of food choice architecture, our study provides a deeper
understanding of the underlying neurophysiological mechanisms. The findings suggest that cognitive load, often caused by
excessive (multi)sensory stimulation or complex decision environments, can hinder healthier choices. Conversely, states of
relaxation facilitated for instance by a specific scent could promote more deliberate and healthy decisions, underscoring the
importance of designing environments that reduce cognitive load while promoting calm and focused decisions.

Practically, vending machine operators and policymakers can apply these insights to design more effective interventions. However,
our findings, for example, highlight that the effectiveness of eye level placement is not uniform across all conditions; its ability to
capture attention can be significantly modulated by the surrounding sensory context, such as the specific nudges employed in the
environment. This implies that optimal design involves not only placing healthy items centrally but also ensuring they remain salient
amidst other potentially competing stimuli. Indeed, sensory stimuli, such as specific scents, have long been strategically employed
in physical environments to influence the shopping environment and consumer behavior. For instance, a pleasant scent can
enhance store appeal and encourage positive purchasing behaviors, particularly when the scent aligns with the store and its
products [174]. Supermarkets, for example, use targeted scents to promote specific products [175], while brands like Subway
diffuse the aroma of freshly baked bread to boost sandwich sales [176]; this is why major brands such as Apple, Samsung, and
Pandora have developed their own signature fragrances [176]. Our insights can be applied in a similar way in field settings, not
merely to increase sales, but to guide consumers toward healthier choices.

Nudging young people toward healthy food can affect their lifestyle in the long term. By preventing weight gain in the first university
years, it would be possible to prevent, monitor, and reduce obesity among the future adult population. This could also have
important consequences on government issues: healthy populations mean less public health spending, with the possibility of
investing in the country’s growth.

Limits and further research

https://journals.plos.org/plosone/article7id=10.1371/journal .pone.0325804
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While our study provides worthwhile insights into the application of sensory stimuli to nudge healthier food choices in vending
machine settings, some limitations should be acknowledged. First, the research was conducted in a controlled laboratory setting,
which may not fully reflect real-world vending machine usage, limiting its ecological validity. In a real situation, additional contextual
elements may modulate the impact of nudge interventions. For example, time scarcity-the perception that time is limited—often
shapes food decisions, leading people to rely on their habits or heuristic-based choices [177,178]. In addition, peer influence—the
impact of friends or affiliates on individual behavior [179]—can alter food selection, especially in young adults who tend to conform
more to social norms [180]. Furthermore, neurophysiological measures are not the only method to investigate the mechanisms
underlying food choices. These could also be explored from a qualitative perspective through interviews or focus groups, which
may provide complementary insights into participants’ conscious motivations and subjective experiences. Another critical factor is
the absence of real money: in the present study, participants selected products without any tangible monetary implications.
Although this decision was made to avoid price-driven selection—such as choosing the most expensive items to maximize personal
gain [181]—it also eliminates the cost-benefits evaluation process, not fully reflecting real choices when facing financial constraints
[182,183]. Future research should address these limitations by evaluating product choices under even more realistic purchasing
conditions and replicating the study in natural field settings, such as real university vending machines. Moreover, the study focused
specifically on visual and olfactory cues to understand how sensory channels can influence behavior in non-intrusive ways, albeit at
the expense of other nudging strategies, such as social proof and framing effects [184,185]. Future research could benefit from a
more comprehensive and comparative approach, integrating sensory nudges with cognitive and social mechanisms. This would
help identify synergistic effects and optimize the effectiveness of health-promoting interventions.

The long-term effectiveness of these interventions on food choice should also be investigated, examining their impact on dietary
habits beyond immediate selections. As long-lasting changes in outcomes strengthen the case for using nudges as a policy tool,
further research is needed on the durability of their effects [186]. In the domain of healthy eating, this includes evaluating the role of
stable modifications in the food environment and their contribution to the long-term efficacy of nudges [187]. Furthermore, it is
important to investigate the influence of repeated exposure to nudges, as their frequency and duration may moderate their long-
term impact [188]. Researchers should also consider the extent to which nudges can create routines that become behavioral habits
[189]; however, this can be difficult, as new routines are not easy to stabilize due to competing demands on the individual’s time
and attention as well as with the physical and cultural context in which these behaviors are rooted [189,190].

A larger sample size could enhance the robustness of the findings, while a more detailed understanding of participants’ motivations
and emotional states could inform better-targeted interventions, given their importance in eating behavior [191,192]. Finally,
examining the impact of nudges in a variety of settings—e.g., workplace cafeterias or other public spaces—could enhance our
understanding of their broader applicability and effectiveness in promoting healthier food choices. In doing so, it would be important
to account for differences in demographics, lifestyle, and eating habits, as these factors may influence how nudges are perceived
and acted upon in non-academic contexts.

Conclusions

The steady rise in global obesity emphasizes the urgent need for effective policies to promote healthier diets, especially among
younger generations. In this context, vending machines, common in educational institutions and several other settings, deserve
special attention. Although they often contribute to unhealthy eating habits [8], this paper shows how, under specific conditions,
vending machines encourage healthier choices.

Our findings shed light on how sensory nudges shape consumer decisions and food selection. While single nudges (olfactory or
visual) effectively increase healthy snack choices, their combined use appears less effective. Indeed, cognitive load emerges as a
critical factor in reducing the impact of nudge interventions and in influencing the choice of junk over healthy food. Thus, to enhance
nudge effectiveness, it is essential to minimize it and create a consistent and functional food choice architecture. Additionally,
strategic snack placement at eye level boosts visibility and selection.

The use of consumer neuroscience tools in this research enhanced the existing literature on food choice by offering a more direct
approach to consumers’ emotional and cognitive responses that drive food choice and can be triggered by specific nudge
interventions.

Overall, our results reinforce the idea that well-designed nudges can effectively encourage healthier behaviors, and emphasize the
importance of creating a “low-cognitive-load” food choice environment—in line with the concept of “System 1” [23,24], where
healthy options are easily identifiable and accessible. Future research should further explore the role of sensory integration in
nudge interventions, particularly through in-field experiments, to guide a more effective design, implementation, and evaluation of
interventions aimed at promoting healthier behaviors across several contexts.

Supporting information

S1 Fig. Visual nudge stimulus setup

Setup of the vending machine replica with the adjacent visual sensory nudge stimulus (nature-themed image). For copyright
reasons, the products have been blurred.

https://doi.org/10.1371/journal.pone.0325804.s001

(TIFF)

S2 Fig. Olfactory nudge stimulus

Materials used in the experimental conditions O: jasmine essential oil (a) and aroma diffuser (b). For copyright reasons, brands and
products’ information have been blurred.

https://doi.org/10.1371/journal.pone.0325804.s002

(TIFF)

S1 Table. Perceived Health: internal reliability

Internal reliability analysis for the perceived Health dimension of the preliminary snack classification questionnaire.
https://doi.org/10.1371/journal.pone.0325804.s003

(XSXL)

S2 Table. Snacks’ Perceived Health scores

Perceived health scores (M) of the 26 snacks presented in the vending machine. Snacks categorized as “healthy” (above the
median) are highlighted in gray. Products (11, 12, etc.) are named according to the original nomenclature of the real vending
machine that was replicated. “Product Type” column specifies the category of each snack.
https://doi.org/10.1371/journal.pone.0325804.s004

https://journals.plos.org/plosone/article7id=10.1371/journal .pone.0325804 12/22


https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0325804.s001
https://doi.org/10.1371/journal.pone.0325804.s001
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0325804.s002
https://doi.org/10.1371/journal.pone.0325804.s002
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0325804.s003
https://doi.org/10.1371/journal.pone.0325804.s003
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0325804.s004
https://doi.org/10.1371/journal.pone.0325804.s004

03/07/25,09:16

How to nudge students toward healthier snacks? Consumer neuroscience insights on multisensory nudge interventions in university vending m...
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S1 Appendix. Model Fit Comparisons, Selection Criteria, and Collinearity analyses

For neurophysiological data—AWI, BATR, and SC measures (Section 1) as well as for attentional data—TS and TTFF measures
(Section 2).
https://doi.org/10.1371/journal.pone.0325804.s005

(MS Word)
References

1.

10.

1.

12,

13.

14,

15.

16.

17.

18.

Morassut RE, Tian C, Meyre D. Identifying factors associated with obesity traits in undergraduate students: a scoping review. Int J Public Health.
2020;65(7):1193-204. pmid:32889552
View Article « PubMed/NCBI ¢ Google Scholar

. Pfisterer J, Rausch C, Wohlfarth D, Bachert P, Jekauc D, Wunsch K. Effectiveness of physical-activity-based interventions targeting overweight and

obesity among university students—a systematic review. Int J Environ Res Public Health. 2022;19(15):9427. pmid:35954789
View Article « PubMed/NCBI « Google Scholar

. Racette SB, Deusinger SS, Strube MJ, Highstein GR, Deusinger RH. Changes in weight and health behaviors from freshman through senior year of

college. J Nutr Educ Behav. 2008;40(1):39—-42. pmid:18174103
View Article « PubMed/NCBI « Google Scholar

. Crombie AP, llich JZ, Dutton GR, Panton LB, Abood DA. The freshman weight gain phenomenon revisited. Nutr Rev. 2009;67(2):83-94. pmid:19178649

View Article « PubMed/NCBI ¢ Google Scholar

. Vadeboncoeur C, Townsend N, Foster C. A meta-analysis of weight gain in first year university students: is freshman 15 a myth? BMC Obes. 2015;2:22.

pmid:26217537
View Article « PubMed/NCBI « Google Scholar

. Raposo A, Perez E, Sanjuan E, Saavedra P, Millan R, Carrascosa C. Vending machines and university students’ consumption trends. J Food Nutr Res.

2018;57(3):295-306.
View Article « Google Scholar

. Hasan H, Faris MA-IE, Mohamad MN, Al Dhaheri AS, Hashim M, Stojanovska L, et al. Consumption, attitudes, and trends of vending machine foods at a

university campus: a cross-sectional study. Foods. 2021;10(9):2122. pmid:34574231
View Article « PubMed/NCBI ¢ Google Scholar

. Data Bridge Market Research. Vending machine market size, statistics & industry research by 2030. 2023.

https://www.databridgemarketresearch.com/reports/global-vending-machine-market

French SA, Hannan PJ, Harnack LJ, Mitchell NR, Toomey TL, Gerlach A. Pricing and availability intervention in vending machines at four bus garages. J
Occup Environ Med. 2010;52(Suppl 1):5S29-33. pmid:20061884
View Article « PubMed/NCBI « Google Scholar

van der Horst K, Timperio A, Crawford D, Roberts R, Brug J, Oenema A. The school food environment associations with adolescent soft drink and snack
consumption. Am J Prev Med. 2008;35(3):217—-23. pmid:18617354
View Article » PubMed/NCBI « Google Scholar

Rahi B, Kawtharani F, Hassan A, Hassan HF. Assessment of the nutritional value of vending machine products and associated purchasing behavior in
Lebanese universities. Br Food J. 2022;124(11):3396—410.
View Article « Google Scholar

Grech A, Hebden L, Roy R, Allman-Farinelli M. Are products sold in university vending machines nutritionally poor? A food environment audit. Nutr Diet.
2017;74(2):185-90. pmid:28731640
View Article ¢« PubMed/NCBI ¢ Google Scholar

Horacek TM, Yildirim ED, Matthews Schreiber M, Byrd-Bredbenner C, Colby S, White AA, et al. Development and validation of the vending evaluation for
nutrient-density (VEND)ing audit. Int J Environ Res Public Health. 2019;16(3):514. pmid:30759796
View Article « PubMed/NCBI ¢ Google Scholar

Thaler RH, Sunstein CR. Nudge: Improving decisions about health, wealth, and happiness. Yale University Press; 2008.

Legrenzi P, Jacomuzzi A. Nudge, il catalogo & questo. G Ital Psicol. 2020;2:455-9.
View Article « Google Scholar

Thaler RH, Sunstein CR. Libertarian paternalism. Am Econ Rev. 2003;93(2):175-9.
View Article « Google Scholar

Mrkva K, Posner NA, Reeck C, Johnson EJ. Do nudges reduce disparities? Choice architecture compensates for low consumer knowledge. J Marketing.
2021;85(4):67-84.
View Article « Google Scholar

https://journals.plos.org/plosone/article7id=10.1371/journal .pone.0325804

13/22


https://doi.org/10.1007/s00038-020-01458-4
http://www.ncbi.nlm.nih.gov/pubmed/32889552
http://scholar.google.com/scholar?q=Identifying+factors+associated+with+obesity+traits+in+undergraduate+students%3A+a+scoping+review+Morassut+2020
https://doi.org/10.3390/ijerph19159427
http://www.ncbi.nlm.nih.gov/pubmed/35954789
http://scholar.google.com/scholar?q=Effectiveness+of+physical-activity-based+interventions+targeting+overweight+and+obesity+among+university+students%E2%80%94a+systematic+review+Pfisterer+2022
https://doi.org/10.1016/j.jneb.2007.01.001
http://www.ncbi.nlm.nih.gov/pubmed/18174103
http://scholar.google.com/scholar?q=Changes+in+weight+and+health+behaviors+from+freshman+through+senior+year+of+college+Racette+2008
https://doi.org/10.1111/j.1753-4887.2008.00143.x
http://www.ncbi.nlm.nih.gov/pubmed/19178649
http://scholar.google.com/scholar?q=The+freshman+weight+gain+phenomenon+revisited+Crombie+2009
https://doi.org/10.1186/s40608-015-0051-7
http://www.ncbi.nlm.nih.gov/pubmed/26217537
http://scholar.google.com/scholar?q=A+meta-analysis+of+weight+gain+in+first+year+university+students%3A+is+freshman+15+a+myth%3F+Vadeboncoeur+2015
http://scholar.google.com/scholar?q=Vending+machines+and+university+students%E2%80%99+consumption+trends+Raposo+2018
https://doi.org/10.3390/foods10092122
http://www.ncbi.nlm.nih.gov/pubmed/34574231
http://scholar.google.com/scholar?q=Consumption%2C+attitudes%2C+and+trends+of+vending+machine+foods+at+a+university+campus%3A+a+cross-sectional+study+Hasan+2021
https://doi.org/10.1097/JOM.0b013e3181c5c476
http://www.ncbi.nlm.nih.gov/pubmed/20061884
http://scholar.google.com/scholar?q=Pricing+and+availability+intervention+in+vending+machines+at+four+bus+garages+French+2010
https://doi.org/10.1016/j.amepre.2008.05.022
http://www.ncbi.nlm.nih.gov/pubmed/18617354
http://scholar.google.com/scholar?q=The+school+food+environment+associations+with+adolescent+soft+drink+and+snack+consumption+van+der+Horst+2008
https://doi.org/10.1108/bfj-08-2021-0887
http://scholar.google.com/scholar?q=Assessment+of+the+nutritional+value+of+vending+machine+products+and+associated+purchasing+behavior+in+Lebanese+universities+Rahi+2022
https://doi.org/10.1111/1747-0080.12332
http://www.ncbi.nlm.nih.gov/pubmed/28731640
http://scholar.google.com/scholar?q=Are+products+sold+in+university+vending+machines+nutritionally+poor%3F+A+food+environment+audit+Grech+2017
https://doi.org/10.3390/ijerph16030514
http://www.ncbi.nlm.nih.gov/pubmed/30759796
http://scholar.google.com/scholar?q=Development+and+validation+of+the+vending+evaluation+for+nutrient-density+%28VEND%29ing+audit+Horacek+2019
https://doi.org/10.1421/97872
http://scholar.google.com/scholar?q=Nudge%2C+il+catalogo+%C3%A8+questo+Legrenzi+2020
https://doi.org/10.1257/000282803321947001
http://scholar.google.com/scholar?q=Libertarian+paternalism+Thaler+2003
https://doi.org/10.1177/0022242921993186
http://scholar.google.com/scholar?q=Do+nudges+reduce+disparities%3F+Choice+architecture+compensates+for+low+consumer+knowledge+Mrkva+2021
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0325804.s005
https://doi.org/10.1371/journal.pone.0325804.s005
https://data.worldobesity.org/publications/?cat=19
https://www.databridgemarketresearch.com/reports/global-vending-machine-market

03/07/25,09:16

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

How to nudge students toward healthier snacks? Consumer neuroscience insights on multisensory nudge interventions in university vending m...

Cai CW. Nudging the financial market? A review of the nudge theory. Account Finan. 2019;60(4):3341-65.
View Article ¢ Google Scholar

Refosa MDC, Landicho J, Wachinger J, Dalglish SL, Barnighausen K, Barnighausen T, et al. Nudging toward vaccination: a systematic review. BMJ Glob
Health. 2021;6(9):006237. pmid:34593513
View Article « PubMed/NCBI « Google Scholar

Marchiori DR, Adriaanse MA, De Ridder DTD. Unresolved questions in nudging research: putting the psychology back in nudging. Social Personality
Psych. 2017;11(1).
View Article « Google Scholar

Brehm JW. A theory of psychological reactance. New York: Academic Press; 1966.

Stanovich KE, West RF. Individual differences in reasoning: implications for the rationality debate? Behav Brain Sci. 2000;23(5):645-65; discussion 665-
726. pmid:11301544
View Article « PubMed/NCBI ¢ Google Scholar

Kahneman D. Thinking, fast and slow. Macmillan; 2011.
Lugli G. Cibo, salute e business: neuroscienze e marketing nutrizionale. Milano: EGEA Spa; 2015.

Benartzi S, Beshears J, Milkman KL, Sunstein CR, Thaler RH, Shankar M, et al. Should governments invest more in nudging? Psychol Sci.
2017;28(8):1041-55. pmid:28581899
View Article ¢ PubMed/NCBI ¢ Google Scholar

Vecchio R, Cavallo C. Increasing healthy food choices through nudges: a systematic review. Food Qual Prefer. 2019;78:103714.
View Article « Google Scholar

Almeida C, Azevedo J, Fogel A, Lopes E, Vale C, Padrao P. Effectiveness of nudge interventions to promote fruit and vegetables’ selection, purchase, or
consumption: a systematic review. Food Qual Prefer. 2024;116:105122.
View Article « Google Scholar

Gillebaart M, Blom S, De Boer F, De Ridder D. Prompting vegetable purchases in the supermarket by an affordance nudge: examining effectiveness and
appreciation in a set of field experiments. Appetite. 2023;184:106526. pmid:36889509
View Article ¢« PubMed/NCBI ¢ Google Scholar

Lindstrom KN, Tucker JA, McVay M. Nudges and choice architecture to promote healthy food purchases in adults: a systematized review. Psychol Addict
Behav. 2023;37(1):87-103. pmid:36395010
View Article « PubMed/NCBI ¢ Google Scholar

Cadario R, Chandon P. Which healthy eating nudges work best? A meta-analysis of field experiments. Market Sci. 2020;39(3):465—-86.
View Article » Google Scholar

Van lttersum K, Wansink B. Plate size and color suggestibility: the Delboeuf illusion’s bias on serving and eating behavior. J Consum Res.
2011;39(2):215-28.
View Article « Google Scholar

Stampfli AE, Stéckli S, Brunner TA. A nudge in a healthier direction: how environmental cues help restrained eaters pursue their weight-control goal.
Appetite. 2017;110:94-102. pmid:27915080
View Article « PubMed/NCBI ¢ Google Scholar

van Kleef E, Seijdell K, Vingerhoeds MH, de Wijk RA, van Trijp HCM. The effect of a default-based nudge on the choice of whole wheat bread. Appetite.
2018;121:179-85. pmid:29155046
View Article « PubMed/NCBI ¢ Google Scholar

Kongsbak I, Skov LR, Nielsen BK, Ahimann FK, Schaldemose H, Atkinson L, et al. Increasing fruit and vegetable intake among male university students in
an ad libitum buffet setting: a choice architectural nudge intervention. Food Qual Prefer. 2016;49:183-8.
View Article « Google Scholar

Mikkelsen BE, Sudzina F, @rnbo LE, Tvedebrink TDO. Does visibility matter? — a simple nudge reduces the purchase of sugar sweetened beverages in
canteen drink coolers. Food Qual Prefer. 2021;92:104190.
View Article « Google Scholar

Stockli S, Stampfli AE, Messner C, Brunner TA. An (un)healthy poster: When environmental cues affect consumers’ food choices at vending machines.
Appetite. 2016;96:368—74. pmid:26431685
View Article « PubMed/NCBI ¢ Google Scholar

Calabro R, Kemps E, Prichard |, Tiggemann M. Vending machine backgrounds: nudging healthier beverage choices. Curr Psychol. 2023;:1-10.
pmid:37359624
View Article ¢« PubMed/NCBI ¢ Google Scholar

https://journals.plos.org/plosone/article7id=10.1371/journal .pone.0325804

14/22


https://doi.org/10.1111/acfi.12471
http://scholar.google.com/scholar?q=Nudging+the+financial+market%3F+A+review+of+the+nudge+theory+Cai+2019
https://doi.org/10.1136/bmjgh-2021-006237
http://www.ncbi.nlm.nih.gov/pubmed/34593513
http://scholar.google.com/scholar?q=Nudging+toward+vaccination%3A+a+systematic+review+Re%C3%B1osa+2021
https://doi.org/10.1111/spc3.12297
http://scholar.google.com/scholar?q=Unresolved+questions+in+nudging+research%3A+putting+the+psychology+back+in+nudging+Marchiori+2017
https://doi.org/10.1017/s0140525x00003435
http://www.ncbi.nlm.nih.gov/pubmed/11301544
http://scholar.google.com/scholar?q=Individual+differences+in+reasoning%3A+implications+for+the+rationality+debate%3F+Stanovich+2000
https://doi.org/10.1177/0956797617702501
http://www.ncbi.nlm.nih.gov/pubmed/28581899
http://scholar.google.com/scholar?q=Should+governments+invest+more+in+nudging%3F+Benartzi+2017
https://doi.org/10.1016/j.foodqual.2019.05.014
http://scholar.google.com/scholar?q=Increasing+healthy+food+choices+through+nudges%3A+a+systematic+review+Vecchio+2019
https://doi.org/10.1016/j.foodqual.2024.105122
http://scholar.google.com/scholar?q=Effectiveness+of+nudge+interventions+to+promote+fruit+and+vegetables%E2%80%99+selection%2C+purchase%2C+or+consumption%3A+a+systematic+review+Almeida+2024
https://doi.org/10.1016/j.appet.2023.106526
http://www.ncbi.nlm.nih.gov/pubmed/36889509
http://scholar.google.com/scholar?q=Prompting+vegetable+purchases+in+the+supermarket+by+an+affordance+nudge%3A+examining+effectiveness+and+appreciation+in+a+set+of+field+experiments+Gillebaart+2023
https://doi.org/10.1037/adb0000892
http://www.ncbi.nlm.nih.gov/pubmed/36395010
http://scholar.google.com/scholar?q=Nudges+and+choice+architecture+to+promote+healthy+food+purchases+in+adults%3A+a+systematized+review+Lindstrom+2023
https://doi.org/10.1287/mksc.2018.1128
http://scholar.google.com/scholar?q=Which+healthy+eating+nudges+work+best%3F+A+meta-analysis+of+field+experiments+Cadario+2020
https://doi.org/10.1086/662615
http://scholar.google.com/scholar?q=Plate+size+and+color+suggestibility%3A+the+Delboeuf+illusion%E2%80%99s+bias+on+serving+and+eating+behavior+Van+Ittersum+2011
https://doi.org/10.1016/j.appet.2016.11.037
http://www.ncbi.nlm.nih.gov/pubmed/27915080
http://scholar.google.com/scholar?q=A+nudge+in+a+healthier+direction%3A+how+environmental+cues+help+restrained+eaters+pursue+their+weight-control+goal+St%C3%A4mpfli+2017
https://doi.org/10.1016/j.appet.2017.11.091
http://www.ncbi.nlm.nih.gov/pubmed/29155046
http://scholar.google.com/scholar?q=The+effect+of+a+default-based+nudge+on+the+choice+of+whole+wheat+bread+van+Kleef+2018
https://doi.org/10.1016/j.foodqual.2015.12.006
http://scholar.google.com/scholar?q=Increasing+fruit+and+vegetable+intake+among+male+university+students+in+an+ad+libitum+buffet+setting%3A+a+choice+architectural+nudge+intervention+Kongsbak+2016
https://doi.org/10.1016/j.foodqual.2021.104190
http://scholar.google.com/scholar?q=Does+visibility+matter%3F+%E2%80%93+a+simple+nudge+reduces+the+purchase+of+sugar+sweetened+beverages+in+canteen+drink+coolers+Mikkelsen+2021
https://doi.org/10.1016/j.appet.2015.09.034
http://www.ncbi.nlm.nih.gov/pubmed/26431685
http://scholar.google.com/scholar?q=An+%28un%29healthy+poster%3A+When+environmental+cues+affect+consumers%E2%80%99+food+choices+at+vending+machines+St%C3%B6ckli+2016
https://doi.org/10.1007/s12144-023-04420-8
http://www.ncbi.nlm.nih.gov/pubmed/37359624
http://scholar.google.com/scholar?q=Vending+machine+backgrounds%3A+nudging+healthier+beverage+choices+Calabro+2023

03/07/25,09:16

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

How to nudge students toward healthier snacks? Consumer neuroscience insights on multisensory nudge interventions in university vending m...

Roy R, Kelly B, Rangan A, Allman-Farinelli M. Food environment interventions to improve the dietary behavior of young adults in tertiary education
settings: a systematic literature review. J Acad Nutr Diet. 2015;115(10):1647-81.e1. pmid:26271691
View Article » PubMed/NCBI ¢ Google Scholar

Bos C, van der Lans IA, van Kleef E, van Trijp HCM. Promoting healthy choices from vending machines: effectiveness and consumer evaluations of four
types of interventions. Food Policy. 2018;79:247-55.
View Article « Google Scholar

Zaltman G. How customers think: essential insights into the mind of the market. Boston, MA: Harvard Business School Press; 2003.

Warrenburg S. Effects of fragrance on emotions: moods and physiology. Chem Senses. 2005;30 Suppl 1:i248-9. pmid:15738139
View Article « PubMed/NCBI « Google Scholar

Gottfried JA. Smell: central nervous processing. Adv Otorhinolaryngol. 2006;63:44—69. pmid: 16733332
View Article « PubMed/NCBI ¢ Google Scholar

Motoki K, Togawa T. Multiple senses influencing healthy food preference. Curr Opin Behav Sci. 2022;48:101223.
View Article ¢ Google Scholar

Zhang T, Spence C. Orthonasal olfactory influences on consumer food behaviour. Appetite. 2023;190:107023. pmid:37673129
View Article « PubMed/NCBI « Google Scholar

Nakamura Y, Matsuda Y, Misaki S, Yasumoto K. Aroma nudges: exploring the effects on shopping behavior in a supermarket. In: CEUR Workshop
Proceedings. 2022.

Ramaekers MG, Boesveldt S, Lakemond CMM, van Boekel MAJS, Luning PA. Odors: appetizing or satiating? Development of appetite during odor
exposure over time. Int J Obes (Lond). 2014;38(5):650—6. pmid:23917805
View Article « PubMed/NCBI ¢ Google Scholar

Kemps E, Tiggemann M, Bettany S. Non-food odorants reduce chocolate cravings. Appetite. 2012;58(3):1087—90. pmid:22407134
View Article ¢« PubMed/NCBI ¢ Google Scholar

Manzoni GM, Pagnini F, Gorini A, Preziosa A, Castelnuovo G, Molinari E, et al. Can relaxation training reduce emotional eating in women with obesity? An
exploratory study with 3 months of follow-up. J Am Diet Assoc. 2009;109(8):1427—-32. pmid:19631051
View Article « PubMed/NCBI ¢ Google Scholar

Tijssen |, Zandstra EH, de Graaf C, Jager G. Why a ‘light’ product package should not be light blue: effects of package colour on perceived healthiness
and attractiveness of sugar- and fat-reduced products. Food Qual Prefer. 2017;59:46-58.
View Article ¢ Google Scholar

Jesse M, Jannach D, Gula B. Digital nudging for online food choices. Front Psychol. 2021;12:729589. pmid:34987443
View Article « PubMed/NCBI ¢ Google Scholar

Schuldt JP. Does green mean healthy? Nutrition label color affects perceptions of healthfulness. Health Commun. 2013;28(8):814—21. pmid:23444895
View Article « PubMed/NCBI « Google Scholar

Karnal N, Machiels CJA, Orth UR, Mai R. Healthy by design, but only when in focus: communicating non-verbal health cues through symbolic meaning in
packaging. Food Qual Prefer. 2016;52:106-19.
View Article » Google Scholar

Tonkin M, Kemps E, Prichard I, Polivy J, Herman CP, Tiggemann M. It’s all in the timing: the effect of a healthy food cue on food choices from a pictorial
menu. Appetite. 2019;139:105-9. pmid:31051198
View Article « PubMed/NCBI ¢ Google Scholar

Kemps E, Herman CP, Hollitt S, Polivy J, Prichard I, Tiggemann M. Contextual cue exposure effects on food intake in restrained eaters. Physiol Behav.
2016;167:71-5. pmid:27619172
View Article « PubMed/NCBI ¢ Google Scholar

Keegan E, Kemps E, Prichard I, Polivy J, Herman CP, Tiggemann M. The effect of the spatial positioning of a healthy food cue on food choice from a
pictorial-style menu. Eat Behav. 2019;34:101313. pmid:31330478
View Article « PubMed/NCBI ¢ Google Scholar

Spence C, Shankar Mu. The influence of auditory cues on the perception of, and responses to, food and drink. J Sens Stud. 2010;25(3):406-30.
View Article « Google Scholar

Huang X (Irene), Labroo AA. Cueing morality: the effect of high-pitched music on healthy choice. J Market. 2019;84(6):130—43.
View Article « Google Scholar

Biswas D, Lund K, Szocs C. Sounds like a healthy retail atmospheric strategy: effects of ambient music and background noise on food sales. J Acad Mark
Sci. 2018;47(1):37-55.
View Article » Google Scholar

https://journals.plos.org/plosone/article7id=10.1371/journal .pone.0325804

15/22


https://doi.org/10.1016/j.jand.2015.06.380
http://www.ncbi.nlm.nih.gov/pubmed/26271691
http://scholar.google.com/scholar?q=Food+environment+interventions+to+improve+the+dietary+behavior+of+young+adults+in+tertiary+education+settings%3A+a+systematic+literature+review+Roy+2015
https://doi.org/10.1016/j.foodpol.2018.07.001
http://scholar.google.com/scholar?q=Promoting+healthy+choices+from+vending+machines%3A+effectiveness+and+consumer+evaluations+of+four+types+of+interventions+Bos+2018
https://doi.org/10.1093/chemse/bjh208
http://www.ncbi.nlm.nih.gov/pubmed/15738139
http://scholar.google.com/scholar?q=Effects+of+fragrance+on+emotions%3A+moods+and+physiology+Warrenburg+2005
https://doi.org/10.1159/000093750
http://www.ncbi.nlm.nih.gov/pubmed/16733332
http://scholar.google.com/scholar?q=Smell%3A+central+nervous+processing+Gottfried+2006
https://doi.org/10.1016/j.cobeha.2022.101223
http://scholar.google.com/scholar?q=Multiple+senses+influencing+healthy+food+preference+Motoki+2022
https://doi.org/10.1016/j.appet.2023.107023
http://www.ncbi.nlm.nih.gov/pubmed/37673129
http://scholar.google.com/scholar?q=Orthonasal+olfactory+influences+on+consumer+food+behaviour+Zhang+2023
https://doi.org/10.1038/ijo.2013.143
http://www.ncbi.nlm.nih.gov/pubmed/23917805
http://scholar.google.com/scholar?q=Odors%3A+appetizing+or+satiating%3F+Development+of+appetite+during+odor+exposure+over+time+Ramaekers+2014
https://doi.org/10.1016/j.appet.2012.03.002
http://www.ncbi.nlm.nih.gov/pubmed/22407134
http://scholar.google.com/scholar?q=Non-food+odorants+reduce+chocolate+cravings+Kemps+2012
https://doi.org/10.1016/j.jada.2009.05.004
http://www.ncbi.nlm.nih.gov/pubmed/19631051
http://scholar.google.com/scholar?q=Can+relaxation+training+reduce+emotional+eating+in+women+with+obesity%3F+An+exploratory+study+with+3+months+of+follow-up+Manzoni+2009
https://doi.org/10.1016/j.foodqual.2017.01.019
http://scholar.google.com/scholar?q=Why+a+%E2%80%98light%E2%80%99+product+package+should+not+be+light+blue%3A+effects+of+package+colour+on+perceived+healthiness+and+attractiveness+of+sugar-+and+fat-reduced+products+Tijssen+2017
https://doi.org/10.3389/fpsyg.2021.729589
http://www.ncbi.nlm.nih.gov/pubmed/34987443
http://scholar.google.com/scholar?q=Digital+nudging+for+online+food+choices+Jesse+2021
https://doi.org/10.1080/10410236.2012.725270
http://www.ncbi.nlm.nih.gov/pubmed/23444895
http://scholar.google.com/scholar?q=Does+green+mean+healthy%3F+Nutrition+label+color+affects+perceptions+of+healthfulness+Schuldt+2013
https://doi.org/10.1016/j.foodqual.2016.04.004
http://scholar.google.com/scholar?q=Healthy+by+design%2C+but+only+when+in+focus%3A+communicating+non-verbal+health+cues+through+symbolic+meaning+in+packaging+Karnal+2016
https://doi.org/10.1016/j.appet.2019.04.026
http://www.ncbi.nlm.nih.gov/pubmed/31051198
http://scholar.google.com/scholar?q=It%E2%80%99s+all+in+the+timing%3A+the+effect+of+a+healthy+food+cue+on+food+choices+from+a+pictorial+menu+Tonkin+2019
https://doi.org/10.1016/j.physbeh.2016.09.004
http://www.ncbi.nlm.nih.gov/pubmed/27619172
http://scholar.google.com/scholar?q=Contextual+cue+exposure+effects+on+food+intake+in+restrained+eaters+Kemps+2016
https://doi.org/10.1016/j.eatbeh.2019.101313
http://www.ncbi.nlm.nih.gov/pubmed/31330478
http://scholar.google.com/scholar?q=The+effect+of+the+spatial+positioning+of+a+healthy+food+cue+on+food+choice+from+a+pictorial-style+menu+Keegan+2019
https://doi.org/10.1111/j.1745-459x.2009.00267.x
http://scholar.google.com/scholar?q=The+influence+of+auditory+cues+on+the+perception+of%2C+and+responses+to%2C+food+and+drink+Spence+2010
https://doi.org/10.1177/0022242918813577
http://scholar.google.com/scholar?q=Cueing+morality%3A+the+effect+of+high-pitched+music+on+healthy+choice+Huang+X+2019
https://doi.org/10.1007/s11747-018-0583-8
http://scholar.google.com/scholar?q=Sounds+like+a+healthy+retail+atmospheric+strategy%3A+effects+of+ambient+music+and+background+noise+on+food+sales+Biswas+2018

03/07/25,09:16

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

How to nudge students toward healthier snacks? Consumer neuroscience insights on multisensory nudge interventions in university vending m...

Peng-Li D, Mathiesen SL, Chan RCK, Byrne DV, Wang QJ. Sounds healthy: modelling sound-evoked consumer food choice through visual attention.
Appetite. 2021;164:105264. pmid:33865905
View Article « PubMed/NCBI ¢ Google Scholar

Hoéchenberger R, Busch NA, Ohla K. Nonlinear response speedup in bimodal visual-olfactory object identification. Front Psychol. 2015;6:1477.
pmid:26483730
View Article « PubMed/NCBI ¢ Google Scholar

Ripp |, Zur Nieden A-N, Blankenagel S, Franzmeier N, Lundstrdm JN, Freiherr J. Multisensory integration processing during olfactory-visual stimulation—
an fMRI graph theoretical network analysis. Hum Brain Mapp. 2018;39(9):3713—-27. pmid:29736907
View Article « PubMed/NCBI ¢ Google Scholar

Jacomuzzi AC, Milani Marin LE. Body in the forefront, again? Distance learning drawbacks and implications for policy. Front Educ. 2024;8.
View Article « Google Scholar

Jiang H, Schuele S, Rosenow J, Zelano C, Parvizi J, Tao JX, et al. Theta oscillations rapidly convey odor-specific content in human piriform cortex.
Neuron. 2017;94(1):207-219.e4. pmid:28384472
View Article « PubMed/NCBI ¢ Google Scholar

Aydemir O. Olfactory recognition based on EEG gamma-band activity. Neural Comput. 2017;29(6):1667-80. pmid:28410055
View Article « PubMed/NCBI « Google Scholar

Worden MS, Foxe JJ, Wang N, Simpson GV. Anticipatory biasing of visuospatial attention indexed by retinotopically specific alpha-band
electroencephalography increases over occipital cortex. J Neurosci. 2000;20(6):RC63. pmid:10704517
View Article « PubMed/NCBI ¢ Google Scholar

Ahveninen J, Huang S, Belliveau JW, Chang W-T, Hdmalainen M. Dynamic oscillatory processes governing cued orienting and allocation of auditory
attention. J Cogn Neurosci. 2013;25(11):1926—43. pmid:23915050
View Article ¢« PubMed/NCBI ¢ Google Scholar

Bednar A, Boland FM, Lalor EC. Different spatio-temporal electroencephalography features drive the successful decoding of binaural and monaural cues
for sound localization. Eur J Neurosci. 2017;45(5):679-89. pmid:28102912
View Article « PubMed/NCBI ¢ Google Scholar

Lin J. Sensory inputs guiding cognitive behaviors and decision making. Highl Sci Eng Technol. 2023;74:1399-404.
View Article « Google Scholar

Knutson B, Rick S, Wimmer GE, Prelec D, Loewenstein G. Neural predictors of purchases. Neuron. 2007;53(1):147-56. pmid:17196537
View Article « PubMed/NCBI « Google Scholar

Hsu M, Yoon C. The neuroscience of consumer choice. Curr Opin Behav Sci. 2015;5:116-21. pmid:26665152
View Article « PubMed/NCBI ¢ Google Scholar

Cherubino P, Martinez-Levy AC, Caratu M, Cartocci G, Di Flumeri G, Modica E, et al. Consumer behaviour through the eyes of neurophysiological
measures: state-of-the-art and future trends. Comput Intell Neurosci. 2019;2019:1976847. pmid:31641346
View Article « PubMed/NCBI ¢ Google Scholar

Bilucaglia M, Zito M, Fici A, Casiraghi C, Rivetti F, Bellati M, et al. | DARE: IULM dataset of affective responses. Front Hum Neurosci. 2024;18:1347327.
pmid:38571521
View Article « PubMed/NCBI « Google Scholar

Fici A, Bilucaglia M, Casiraghi C, Rossi C, Chiarelli S, Columbano M, et al. From E-commerce to the metaverse: a neuroscientific analysis of digital
consumer behavior. Behav Sci (Basel). 2024;14(7):596. pmid:39062419
View Article « PubMed/NCBI « Google Scholar

Stasi A, Songa G, Mauri M, Ciceri A, Diotallevi F, Nardone G, et al. Neuromarketing empirical approaches and food choice: a systematic review. Food Res
Int. 2018;108:650—64. pmid:29735101
View Article « PubMed/NCBI ¢ Google Scholar

Piper L, De Cosmo LM, Prete MI, Mileti A, Guido G. Effectiveness of pictorial warnings on food fat content: consumers’ perception and neurological
responses. Br Food J. 2024;126(6):2328—-48.
View Article « Google Scholar

Davidson RJ, Ekman P, Saron CD, Senulis JA, Friesen WV. Approach-withdrawal and cerebral asymmetry: emotional expression and brain physiology: I.
J Pers Soc Psychol. 1990;58(2):330—41.
View Article ¢ Google Scholar

Harmon-Jones E, Gable PA. On the role of asymmetric frontal cortical activity in approach and withdrawal motivation: an updated review of the evidence.
Psychophysiology. 2018;55(1):10.1111/psyp.12879. pmid:28459501
View Article « PubMed/NCBI ¢ Google Scholar

https://journals.plos.org/plosone/article7id=10.1371/journal .pone.0325804 16/22


https://doi.org/10.1016/j.appet.2021.105264
http://www.ncbi.nlm.nih.gov/pubmed/33865905
http://scholar.google.com/scholar?q=Sounds+healthy%3A+modelling+sound-evoked+consumer+food+choice+through+visual+attention+Peng-Li+2021
https://doi.org/10.3389/fpsyg.2015.01477
http://www.ncbi.nlm.nih.gov/pubmed/26483730
http://scholar.google.com/scholar?q=Nonlinear+response+speedup+in+bimodal+visual-olfactory+object+identification+H%C3%B6chenberger+2015
https://doi.org/10.1002/hbm.24206
http://www.ncbi.nlm.nih.gov/pubmed/29736907
http://scholar.google.com/scholar?q=Multisensory+integration+processing+during+olfactory-visual+stimulation%E2%80%94an+fMRI+graph+theoretical+network+analysis+Ripp+2018
https://doi.org/10.3389/feduc.2023.1247670
http://scholar.google.com/scholar?q=Body+in+the+forefront%2C+again%3F+Distance+learning+drawbacks+and+implications+for+policy+Jacomuzzi+2024
https://doi.org/10.1016/j.neuron.2017.03.021
http://www.ncbi.nlm.nih.gov/pubmed/28384472
http://scholar.google.com/scholar?q=Theta+oscillations+rapidly+convey+odor-specific+content+in+human+piriform+cortex+Jiang+2017
https://doi.org/10.1162/NECO_a_00966
http://www.ncbi.nlm.nih.gov/pubmed/28410055
http://scholar.google.com/scholar?q=Olfactory+recognition+based+on+EEG+gamma-band+activity+Aydemir+2017
https://doi.org/10.1523/JNEUROSCI.20-06-j0002.2000
http://www.ncbi.nlm.nih.gov/pubmed/10704517
http://scholar.google.com/scholar?q=Anticipatory+biasing+of+visuospatial+attention+indexed+by+retinotopically+specific+alpha-band+electroencephalography+increases+over+occipital+cortex+Worden+2000
https://doi.org/10.1162/jocn_a_00452
http://www.ncbi.nlm.nih.gov/pubmed/23915050
http://scholar.google.com/scholar?q=Dynamic+oscillatory+processes+governing+cued+orienting+and+allocation+of+auditory+attention+Ahveninen+2013
https://doi.org/10.1111/ejn.13524
http://www.ncbi.nlm.nih.gov/pubmed/28102912
http://scholar.google.com/scholar?q=Different+spatio-temporal+electroencephalography+features+drive+the+successful+decoding+of+binaural+and+monaural+cues+for+sound+localization+Bednar+2017
https://doi.org/10.54097/gew7ng02
http://scholar.google.com/scholar?q=Sensory+inputs+guiding+cognitive+behaviors+and+decision+making+Lin+2023
https://doi.org/10.1016/j.neuron.2006.11.010
http://www.ncbi.nlm.nih.gov/pubmed/17196537
http://scholar.google.com/scholar?q=Neural+predictors+of+purchases+Knutson+2007
https://doi.org/10.1016/j.cobeha.2015.09.005
http://www.ncbi.nlm.nih.gov/pubmed/26665152
http://scholar.google.com/scholar?q=The+neuroscience+of+consumer+choice+Hsu+2015
https://doi.org/10.1155/2019/1976847
http://www.ncbi.nlm.nih.gov/pubmed/31641346
http://scholar.google.com/scholar?q=Consumer+behaviour+through+the+eyes+of+neurophysiological+measures%3A+state-of-the-art+and+future+trends+Cherubino+2019
https://doi.org/10.3389/fnhum.2024.1347327
http://www.ncbi.nlm.nih.gov/pubmed/38571521
http://scholar.google.com/scholar?q=I+DARE%3A+IULM+dataset+of+affective+responses+Bilucaglia+2024
https://doi.org/10.3390/bs14070596
http://www.ncbi.nlm.nih.gov/pubmed/39062419
http://scholar.google.com/scholar?q=From+E-commerce+to+the+metaverse%3A+a+neuroscientific+analysis+of+digital+consumer+behavior+Fici+2024
https://doi.org/10.1016/j.foodres.2017.11.049
http://www.ncbi.nlm.nih.gov/pubmed/29735101
http://scholar.google.com/scholar?q=Neuromarketing+empirical+approaches+and+food+choice%3A+a+systematic+review+Stasi+2018
https://doi.org/10.1108/BFJ-02-2023-0123
http://scholar.google.com/scholar?q=Effectiveness+of+pictorial+warnings+on+food+fat+content%3A+consumers%E2%80%99+perception+and+neurological+responses+Piper+2024
https://doi.org/10.1037/0022-3514.58.2.330
http://scholar.google.com/scholar?q=Approach-withdrawal+and+cerebral+asymmetry%3A+emotional+expression+and+brain+physiology%3A+I+Davidson+1990
https://doi.org/10.1111/psyp.12879
http://www.ncbi.nlm.nih.gov/pubmed/28459501
http://scholar.google.com/scholar?q=On+the+role+of+asymmetric+frontal+cortical+activity+in+approach+and+withdrawal+motivation%3A+an+updated+review+of+the+evidence+Harmon-Jones+2018

03/07/25,09:16 How to nudge students toward healthier snacks? Consumer neuroscience insights on multisensory nudge interventions in university vending m...

79. Brouwer A-M, Hogervorst MA, Grootjen M, van Erp JBF, Zandstra EH. Neurophysiological responses during cooking food associated with different
emotions. Food Qual Prefer. 2017;62:307—-16.
View Article « Google Scholar

80. Modica E, Cartocci G, Rossi D, Martinez Levy AC, Cherubino P, Maglione AG, et al. Neurophysiological responses to different product experiences.
Comput Intell Neurosci. 2018;2018:9616301. pmid:30344600
View Article ¢+ PubMed/NCBI ¢ Google Scholar

81. Kline JP, Blackhart GC, Woodward KM, Williams SR, Schwartz GE. Anterior electroencephalographic asymmetry changes in elderly women in response
to a pleasant and an unpleasant odor. Biol Psychol. 2000;52(3):241-50. pmid:10725566
View Article « PubMed/NCBI ¢ Google Scholar

82. Warden-Smith J, Paul L, Olukogbon K, Bointon ES, Cole RH, John SR, et al. Light and smell stimulus protocol reduced negative frontal EEG asymmetry
and improved mood. Open Life Sci. 2017;12(1):51-61.
View Article ¢ Google Scholar

83. Suo T, Liu L, Chen C, Zhang E. The functional role of individual-alpha based frontal asymmetry in the evaluation of emotional pictures: evidence from
event-related potentials. Front Psychiatry. 2017;8:180. pmid:29021763
View Article « PubMed/NCBI « Google Scholar

84. Bilucaglia M, Casiraghi C, Bruno A, Chiarelli S, Fici A, Russo V, et al. Emotional reactions to Al-generated images: a pilot study using neurophysiological
measures. Lecture Notes in Computer Science. Switzerland; Springer Nature; 2025, pp. 147-61. https://doi.org/10.1007/978-3-031-82487-6 11

85. Papousek |, Reiser EM, Weber B, Freudenthaler HH, Schulter G. Frontal brain asymmetry and affective flexibility in an emotional contagion paradigm.
Psychophysiology. 2012;49(4):489-98. pmid:22176666
View Article « PubMed/NCBI ¢ Google Scholar

86. Organ K, Koenig-Lewis N, Palmer A, Probert J. Festivals as agents for behaviour change: a study of food festival engagement and subsequent food
choices. Tour Manage. 2015;48:84-99.
View Article ¢ Google Scholar

87. Brengman M, Willems K, De Gauquier L. Customer engagement in multi-sensory virtual reality advertising: the effect of sound and scent congruence.
Front Psychol. 2022;13:747456. pmid:35386898
View Article « PubMed/NCBI « Google Scholar

88. Pope AT, Bogart EH, Bartolome DS. Biocybernetic system evaluates indices of operator engagement in automated task. Biol Psychol. 1995;40(1-2):187—
95. pmid:7647180
View Article « PubMed/NCBI « Google Scholar

89. Freeman FG, Mikulka PJ, Prinzel LJ, Scerbo MW. Evaluation of an adaptive automation system using three EEG indices with a visual tracking task. Biol
Psychol. 1999;50(1):61-76. pmid:10378439
View Article « PubMed/NCBI ¢ Google Scholar

90. Mauss IB, Robinson MD. Measures of emotion: a review. Cogn Emot. 2009;23(2):209-37. pmid:19809584
View Article « PubMed/NCBI « Google Scholar

91. Smith R, Kelly B, Yeatman H, Johnstone S, Baur L, King L, et al. Skin conductance responses indicate children are physiologically aroused by their
favourite branded food and drink products. Int J Environ Res Public Health. 2019;16(17):3014. pmid:31438489
View Article « PubMed/NCBI « Google Scholar

92. Alvarez-Pato VM, Sanchez CN, Dominguez-Soberanes J, Méndoza-Pérez DE, Velazquez R. A multisensor data fusion approach for predicting consumer
acceptance of food products. Foods. 2020;9(6):774. pmid:32545344
View Article «+ PubMed/NCBI ¢ Google Scholar

93. Mastinu M, Melis M, Yousaf NY, Barbarossa IT, Tepper BJ. Emotional responses to taste and smell stimuli: self-reports, physiological measures, and a
potential role for individual and genetic factors. J Food Sci. 2023;88(S1):65-90. pmid:36169921
View Article ¢« PubMed/NCBI ¢ Google Scholar

94. Wang E, Cakmak YO, Peng M. Eating with eyes—comparing eye movements and food choices between overweight and lean individuals in a real-life
buffet setting. Appetite. 2018;125:152—-9. pmid:29427692
View Article « PubMed/NCBI ¢ Google Scholar

95. Fenko A, Nicolaas |, Galetzka M. Does attention to health labels predict a healthy food choice? An eye-tracking study. Food Qual Prefer. 2018;69:57—65.
View Article « Google Scholar

96. Manippa V, van der Laan LN, Brancucci A, Smeets PAM. Health body priming and food choice: an eye tracking study. Food Qual Prefer. 2019;72:116-25.
View Article « Google Scholar

97. Madipakkam AR, Bellucci G, Rothkirch M, Park SQ. The influence of gaze direction on food preferences. Sci Rep. 2019;9(1):5604. pmid:30944355
View Article « PubMed/NCBI ¢ Google Scholar

https://journals.plos.org/plosone/article7id=10.1371/journal .pone.0325804 17/22


https://doi.org/10.1016/j.foodqual.2017.03.005
http://scholar.google.com/scholar?q=Neurophysiological+responses+during+cooking+food+associated+with+different+emotions+Brouwer+2017
https://doi.org/10.1155/2018/9616301
http://www.ncbi.nlm.nih.gov/pubmed/30344600
http://scholar.google.com/scholar?q=Neurophysiological+responses+to+different+product+experiences+Modica+2018
https://doi.org/10.1016/s0301-0511(99)00046-0
http://www.ncbi.nlm.nih.gov/pubmed/10725566
http://scholar.google.com/scholar?q=Anterior+electroencephalographic+asymmetry+changes+in+elderly+women+in+response+to+a+pleasant+and+an+unpleasant+odor+Kline+2000
https://doi.org/10.1515/biol-2017-0006
http://scholar.google.com/scholar?q=Light+and+smell+stimulus+protocol+reduced+negative+frontal+EEG+asymmetry+and+improved+mood+Warden-Smith+2017
https://doi.org/10.3389/fpsyt.2017.00180
http://www.ncbi.nlm.nih.gov/pubmed/29021763
http://scholar.google.com/scholar?q=The+functional+role+of+individual-alpha+based+frontal+asymmetry+in+the+evaluation+of+emotional+pictures%3A+evidence+from+event-related+potentials+Suo+2017
https://doi.org/10.1111/j.1469-8986.2011.01324.x
http://www.ncbi.nlm.nih.gov/pubmed/22176666
http://scholar.google.com/scholar?q=Frontal+brain+asymmetry+and+affective+flexibility+in+an+emotional+contagion+paradigm+Papousek+2012
https://doi.org/10.1016/j.tourman.2014.10.021
http://scholar.google.com/scholar?q=Festivals+as+agents+for+behaviour+change%3A+a+study+of+food+festival+engagement+and+subsequent+food+choices+Organ+2015
https://doi.org/10.3389/fpsyg.2022.747456
http://www.ncbi.nlm.nih.gov/pubmed/35386898
http://scholar.google.com/scholar?q=Customer+engagement+in+multi-sensory+virtual+reality+advertising%3A+the+effect+of+sound+and+scent+congruence+Brengman+2022
https://doi.org/10.1016/0301-0511(95)05116-3
http://www.ncbi.nlm.nih.gov/pubmed/7647180
http://scholar.google.com/scholar?q=Biocybernetic+system+evaluates+indices+of+operator+engagement+in+automated+task+Pope+1995
https://doi.org/10.1016/s0301-0511(99)00002-2
http://www.ncbi.nlm.nih.gov/pubmed/10378439
http://scholar.google.com/scholar?q=Evaluation+of+an+adaptive+automation+system+using+three+EEG+indices+with+a+visual+tracking+task+Freeman+1999
https://doi.org/10.1080/02699930802204677
http://www.ncbi.nlm.nih.gov/pubmed/19809584
http://scholar.google.com/scholar?q=Measures+of+emotion%3A+a+review+Mauss+2009
https://doi.org/10.3390/ijerph16173014
http://www.ncbi.nlm.nih.gov/pubmed/31438489
http://scholar.google.com/scholar?q=Skin+conductance+responses+indicate+children+are+physiologically+aroused+by+their+favourite+branded+food+and+drink+products+Smith+2019
https://doi.org/10.3390/foods9060774
http://www.ncbi.nlm.nih.gov/pubmed/32545344
http://scholar.google.com/scholar?q=A+multisensor+data+fusion+approach+for+predicting+consumer+acceptance+of+food+products+%C3%81lvarez-Pato+2020
https://doi.org/10.1111/1750-3841.16300
http://www.ncbi.nlm.nih.gov/pubmed/36169921
http://scholar.google.com/scholar?q=Emotional+responses+to+taste+and+smell+stimuli%3A+self-reports%2C+physiological+measures%2C+and+a+potential+role+for+individual+and+genetic+factors+Mastinu+2023
https://doi.org/10.1016/j.appet.2018.02.003
http://www.ncbi.nlm.nih.gov/pubmed/29427692
http://scholar.google.com/scholar?q=Eating+with+eyes%E2%80%94comparing+eye+movements+and+food+choices+between+overweight+and+lean+individuals+in+a+real-life+buffet+setting+Wang+2018
https://doi.org/10.1016/j.foodqual.2018.05.012
http://scholar.google.com/scholar?q=Does+attention+to+health+labels+predict+a+healthy+food+choice%3F+An+eye-tracking+study+Fenko+2018
https://doi.org/10.1016/j.foodqual.2018.10.006
http://scholar.google.com/scholar?q=Health+body+priming+and+food+choice%3A+an+eye+tracking+study+Manippa+2019
https://doi.org/10.1038/s41598-019-41815-9
http://www.ncbi.nlm.nih.gov/pubmed/30944355
http://scholar.google.com/scholar?q=The+influence+of+gaze+direction+on+food+preferences+Madipakkam+2019
https://doi.org/10.1007/978-3-031-82487-6_11

03/07/25,09:16

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

1.

112,

113.

114.

115.

116.

117.

How to nudge students toward healthier snacks? Consumer neuroscience insights on multisensory nudge interventions in university vending m...

Dréze X, Hoch SJ, Purk ME. Shelf management and space elasticity. J Retail. 1994;70(4):301-26.
View Article ¢ Google Scholar

Seva RR, Go KA, Garcia K, Grindulo W. Predictive model of attention in viewing selected grocery products. DLSU Bus Econ Rev. 2011;21(1):97-110.
View Article ¢ Google Scholar

Shaw SC, Ntani G, Baird J, Vogel CA. A systematic review of the influences of food store product placement on dietary-related outcomes. Nutr Rev.
2020;78(12):1030—45. pmid:32483615
View Article « PubMed/NCBI ¢ Google Scholar

Krucien N, Ryan M, Hermens F. Visual attention in multi-attributes choices: what can eye-tracking tell us? J Econ Behav Organ. 2017;135:251-67.
View Article « Google Scholar

Alsharif AH, Salleh NZM, Abdullah M, Khraiwish A, Ashaari A. Neuromarketing tools used in the marketing mix: a systematic literature and future research
agenda. Sage Open. 2023;13(1).
View Article « Google Scholar

Uggeldahl K, Jacobsen C, Lundhede T, Langer R. Consumer response to visual packaging design elements and marketing effectiveness in organic
products: a neuromarketing perspective. J Consumer Policy. 2016;39(3):311-32.
View Article ¢ Google Scholar

Krajbich I, Armel C, Rangel A. Visual fixations and the computation and comparison of value in simple choice. Nat Neurosci. 2010;13(10):1292-8.
pmid:20835253
View Article « PubMed/NCBI ¢ Google Scholar

Venkatraman V, Payne JW, Bettman JR, Luce MF, Huettel SA. Separate neural mechanisms underlie choices and strategic preferences in risky decision
making. Neuron. 2009;62(4):593-602. pmid:19477159
View Article « PubMed/NCBI « Google Scholar

Dawson ME, Schell AM, Courtney CG. The skin conductance response, anticipation, and decision-making. J Neurosci Psychol Econ. 2011;4(2):111-6.
View Article ¢ Google Scholar

Wei J. The role of motivation in decision-making and underlying neural mechanism. Commun Humanit Res. 2024;40(1):100—-6.
View Article « Google Scholar

Flowerday T, Schraw G. Effect of choice on cognitive and affective engagement. J Educ Res. 2003;96(4):207-15.
View Article « Google Scholar

Skendi A, Zinoviadou KG, Papageorgiou M, Rocha JM. Advances on the valorisation and functionalization of by-products and wastes from cereal-based
processing industry. Foods. 2020;9(9):1243. pmid:32899587
View Article « PubMed/NCBI « Google Scholar

Faul F, Erdfelder E, Lang A-G, Buchner A. G*Power 3: a flexible statistical power analysis program for the social, behavioral, and biomedical sciences.
Behav Res Methods. 2007;39(2):175-91. pmid:17695343
View Article « PubMed/NCBI ¢ Google Scholar

Cohen J. A power primer. Psychol Bull. 1992;112(1):155-9. pmid:19565683
View Article « PubMed/NCBI « Google Scholar

Szucs D, loannidis JPA. Empirical assessment of published effect sizes and power in the recent cognitive neuroscience and psychology literature. PLoS
Biol. 2017;15(3):€2000797. pmid:28253258
View Article « PubMed/NCBI « Google Scholar

Vennemann MM, Hummel T, Berger K. The association between smoking and smell and taste impairment in the general population. J Neurol.
2008;255(8):1121-6. pmid: 18677645
View Article «+ PubMed/NCBI ¢ Google Scholar

Sinha SR, Sullivan L, Sabau D, San-Juan D, Dombrowski KE, Halford JJ, et al. American Clinical Neurophysiology Society guideline 1: minimum technical

requirements for performing clinical electroencephalography. J Clin Neurophysiol. 2016;33(4):303—7. pmid:27482788
View Article « PubMed/NCBI ¢ Google Scholar

Boucsein W, Fowles DC, Grimnes S, Ben-Shakhar G, Roth WT, Dawson ME, et al. Publication recommendations for electrodermal measurements.
Psychophysiology. 2012;49(8):1017-34. pmid:22680988
View Article « PubMed/NCBI ¢ Google Scholar

Hansen DW, Ji Q. In the eye of the beholder: a survey of models for eyes and gaze. IEEE Trans Pattern Anal Mach Intell. 2010;32(3):478-500.
pmid:20075473
View Article « PubMed/NCBI ¢ Google Scholar

Bilucaglia M, Masi R, Stanislao GD, Laureanti R, Fici A, Circi R, et al. ESB: A low-cost EEG synchronization box. HardwareX. 2020;8:€00125.
pmid:35498268

https://journals.plos.org/plosone/article7id=10.1371/journal .pone.0325804

18/22


https://doi.org/10.1016/0022-4359(94)90002-7
http://scholar.google.com/scholar?q=Shelf+management+and+space+elasticity+Dr%C3%A8ze+1994
http://scholar.google.com/scholar?q=Predictive+model+of+attention+in+viewing+selected+grocery+products+Seva+2011
https://doi.org/10.1093/nutrit/nuaa024
http://www.ncbi.nlm.nih.gov/pubmed/32483615
http://scholar.google.com/scholar?q=A+systematic+review+of+the+influences+of+food+store+product+placement+on+dietary-related+outcomes+Shaw+2020
https://doi.org/10.1016/j.jebo.2017.01.018
http://scholar.google.com/scholar?q=Visual+attention+in+multi-attributes+choices%3A+what+can+eye-tracking+tell+us%3F+Krucien+2017
https://doi.org/10.1177/21582440231156563
http://scholar.google.com/scholar?q=Neuromarketing+tools+used+in+the+marketing+mix%3A+a+systematic+literature+and+future+research+agenda+Alsharif+2023
https://doi.org/10.1007/s10603-016-9307-7
http://scholar.google.com/scholar?q=Consumer+response+to+visual+packaging+design+elements+and+marketing+effectiveness+in+organic+products%3A+a+neuromarketing+perspective+Uggeldahl+2016
https://doi.org/10.1038/nn.2635
http://www.ncbi.nlm.nih.gov/pubmed/20835253
http://scholar.google.com/scholar?q=Visual+fixations+and+the+computation+and+comparison+of+value+in+simple+choice+Krajbich+2010
https://doi.org/10.1016/j.neuron.2009.04.007
http://www.ncbi.nlm.nih.gov/pubmed/19477159
http://scholar.google.com/scholar?q=Separate+neural+mechanisms+underlie+choices+and+strategic+preferences+in+risky+decision+making+Venkatraman+2009
https://doi.org/10.1037/a0022619
http://scholar.google.com/scholar?q=The+skin+conductance+response%2C+anticipation%2C+and+decision-making+Dawson+2011
https://doi.org/10.54254/2753-7064/40/20242333
http://scholar.google.com/scholar?q=The+role+of+motivation+in+decision-making+and+underlying+neural+mechanism+Wei+2024
https://doi.org/10.1080/00220670309598810
http://scholar.google.com/scholar?q=Effect+of+choice+on+cognitive+and+affective+engagement+Flowerday+2003
https://doi.org/10.3390/foods9091243
http://www.ncbi.nlm.nih.gov/pubmed/32899587
http://scholar.google.com/scholar?q=Advances+on+the+valorisation+and+functionalization+of+by-products+and+wastes+from+cereal-based+processing+industry+Skendi+2020
https://doi.org/10.3758/bf03193146
http://www.ncbi.nlm.nih.gov/pubmed/17695343
http://scholar.google.com/scholar?q=G%2APower+3%3A+a+flexible+statistical+power+analysis+program+for+the+social%2C+behavioral%2C+and+biomedical+sciences+Faul+2007
https://doi.org/10.1037//0033-2909.112.1.155
http://www.ncbi.nlm.nih.gov/pubmed/19565683
http://scholar.google.com/scholar?q=A+power+primer+Cohen+1992
https://doi.org/10.1371/journal.pbio.2000797
http://www.ncbi.nlm.nih.gov/pubmed/28253258
http://scholar.google.com/scholar?q=Empirical+assessment+of+published+effect+sizes+and+power+in+the+recent+cognitive+neuroscience+and+psychology+literature+Szucs+2017
https://doi.org/10.1007/s00415-008-0807-9
http://www.ncbi.nlm.nih.gov/pubmed/18677645
http://scholar.google.com/scholar?q=The+association+between+smoking+and+smell+and+taste+impairment+in+the+general+population+Vennemann+2008
https://doi.org/10.1097/WNP.0000000000000308
http://www.ncbi.nlm.nih.gov/pubmed/27482788
http://scholar.google.com/scholar?q=American+Clinical+Neurophysiology+Society+guideline+1%3A+minimum+technical+requirements+for+performing+clinical+electroencephalography+Sinha+2016
https://doi.org/10.1111/j.1469-8986.2012.01384.x
http://www.ncbi.nlm.nih.gov/pubmed/22680988
http://scholar.google.com/scholar?q=Publication+recommendations+for+electrodermal+measurements+Boucsein+2012
https://doi.org/10.1109/TPAMI.2009.30
http://www.ncbi.nlm.nih.gov/pubmed/20075473
http://scholar.google.com/scholar?q=In+the+eye+of+the+beholder%3A+a+survey+of+models+for+eyes+and+gaze+Hansen+2010

03/07/25,09:16

118.

119.

120.

121.

122,

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

How to nudge students toward healthier snacks? Consumer neuroscience insights on multisensory nudge interventions in university vending m...

View Article «+ PubMed/NCBI ¢ Google Scholar

Vélckner F. The dual role of price: decomposing consumers’ reactions to price. J Acad Mark Sci. 2007;36(3):359-77.
View Article « Google Scholar

Orquin JL, Loose MS. Attention and choice: a review on eye movements in decision making. Acta Psychol. 2013;144(1):190-206.
View Article ¢ Google Scholar

Ladeira W, de Oliveira Santini F, Jardim WC. Gaze behaviour in front-of-shelf orientation. Int J Retail Distrib Manag. 2019;48(2):186—-206.
View Article » Google Scholar

Saba A, Sinesio F, Moneta E, Dinnella C, Laureati M, Torri L, et al. Measuring consumers attitudes towards health and taste and their association with
food-related life-styles and preferences. Food Qual Prefer. 2019;73:25-37.
View Article ¢ Google Scholar

Taherdoost H. What is the best response scale for survey and questionnaire design; review of different lengths of rating scale/attitude scale/Likert scale.
Int J Acad Res Manage. 2019;8(1):1-10.
View Article ¢ Google Scholar

Hua SV, Ickovics JR. Vending machines: a narrative review of factors influencing items purchased. J Acad Nutr Diet. 2016;116(10):1578-88.
pmid:27546077
View Article « PubMed/NCBI ¢ Google Scholar

Rosi A, Zerbini C, Pellegrini N, Scazzina F, Brighenti F, Lugli G. How to improve food choices through vending machines: the importance of healthy food
availability and consumers’ awareness. Food Qual Prefer. 2017;62:262-9.
View Article « Google Scholar

Steptoe A, Pollard TM, Wardle J. Development of a measure of the motives underlying the selection of food: the food choice questionnaire. Appetite.
1995;25(3):267-84. pmid:8746966
View Article « PubMed/NCBI « Google Scholar

Nunnally JC. Psychometric theory, 2nd edn. New York: McGraw-Hill; 1978.

Mergelsberg ELP, MacLeod C, Mullan B, Rudaizky D, Allom V, Houben K, et al. Food healthiness versus tastiness: contrasting their impact on more and
less successful healthy shoppers within a virtual food shopping task. Appetite. 2019;133:405—13. pmid:30517890
View Article « PubMed/NCBI ¢ Google Scholar

Russo V, Bilucaglia M, Casiraghi C, Chiarelli S, Columbano M, Fici A, et al. Neuroselling: applying neuroscience to selling for a new business perspective.
An analysis on teleshopping advertising. Front Psychol. 2023;14:1238879. pmid:37854144
View Article « PubMed/NCBI ¢ Google Scholar

Delorme A, Makeig S. EEGLAB: an open source toolbox for analysis of single-trial EEG dynamics including independent component analysis. J Neurosci
Methods. 2004;134(1):9-21. pmid:15102499
View Article « PubMed/NCBI ¢ Google Scholar

Chang C-Y, Hsu S-H, Pion-Tonachini L, Jung T-P. Evaluation of artifact subspace reconstruction for automatic artifact components removal in multi-
channel EEG recordings. IEEE Trans Biomed Eng. 2020;67(4):1114-21. pmid:31329105
View Article « PubMed/NCBI ¢ Google Scholar

Urigtien JA, Garcia-Zapirain B. EEG artifact removal-state-of-the-art and guidelines. J Neural Eng. 2015;12(3):031001. pmid:25834104
View Article ¢« PubMed/NCBI ¢ Google Scholar

Pion-Tonachini L, Kreutz-Delgado K, Makeig S. ICLabel: an automated electroencephalographic independent component classifier, dataset, and website.
Neuroimage. 2019;198:181-97. pmid:31103785
View Article « PubMed/NCBI ¢ Google Scholar

Kayser J, Tenke CE. On the benefits of using surface Laplacian (current source density) methodology in electrophysiology. Int J Psychophysiol.
2015;97(3):171-3. pmid:26071227
View Article « PubMed/NCBI ¢ Google Scholar

Klimesch W. EEG alpha and theta oscillations reflect cognitive and memory performance: a review and analysis. Brain Res Brain Res Rev. 1999;29(2—
3):169-95. pmid:10209231
View Article « PubMed/NCBI « Google Scholar

Borghini G, Arico P, Di Flumeri G, Sciaraffa N, Babiloni F. Correlation and similarity between cerebral and non-cerebral electrical activity for user’s states
assessment. Sensors (Basel). 2019;19(3):704. pmid:30744081
View Article « PubMed/NCBI « Google Scholar

Kleckner IR, Jones RM, Wilder-Smith O, Wormwood JB, Akcakaya M, Quigley KS, et al. Simple, transparent, and flexible automated quality assessment
procedures for ambulatory electrodermal activity data. IEEE Trans Biomed Eng. 2018;65(7):1460—7. pmid:28976309
View Article «+ PubMed/NCBI ¢ Google Scholar

https://journals.plos.org/plosone/article7id=10.1371/journal .pone.0325804 19/22


https://doi.org/10.1016/j.ohx.2020.e00125
http://www.ncbi.nlm.nih.gov/pubmed/35498268
http://scholar.google.com/scholar?q=ESB%3A+A+low-cost+EEG+synchronization+box+Bilucaglia+2020
https://doi.org/10.1007/s11747-007-0076-7
http://scholar.google.com/scholar?q=The+dual+role+of+price%3A+decomposing+consumers%E2%80%99+reactions+to+price+V%C3%B6lckner+2007
https://doi.org/10.1016/j.actpsy.2013.06.003
http://scholar.google.com/scholar?q=Attention+and+choice%3A+a+review+on+eye+movements+in+decision+making+Orquin+2013
https://doi.org/10.1108/ijrdm-04-2019-0128
http://scholar.google.com/scholar?q=Gaze+behaviour+in+front-of-shelf+orientation+Ladeira+2019
https://doi.org/10.1016/j.foodqual.2018.11.017
http://scholar.google.com/scholar?q=Measuring+consumers+attitudes+towards+health+and+taste+and+their+association+with+food-related+life-styles+and+preferences+Saba+2019
http://scholar.google.com/scholar?q=What+is+the+best+response+scale+for+survey+and+questionnaire+design%3B+review+of+different+lengths+of+rating+scale%2Fattitude+scale%2FLikert+scale+Taherdoost+2019
https://doi.org/10.1016/j.jand.2016.06.378
http://www.ncbi.nlm.nih.gov/pubmed/27546077
http://scholar.google.com/scholar?q=Vending+machines%3A+a+narrative+review+of+factors+influencing+items+purchased+Hua+2016
https://doi.org/10.1016/j.foodqual.2017.05.008
http://scholar.google.com/scholar?q=How+to+improve+food+choices+through+vending+machines%3A+the+importance+of+healthy+food+availability+and+consumers%E2%80%99+awareness+Rosi+2017
https://doi.org/10.1006/appe.1995.0061
http://www.ncbi.nlm.nih.gov/pubmed/8746966
http://scholar.google.com/scholar?q=Development+of+a+measure+of+the+motives+underlying+the+selection+of+food%3A+the+food+choice+questionnaire+Steptoe+1995
https://doi.org/10.1016/j.appet.2018.11.029
http://www.ncbi.nlm.nih.gov/pubmed/30517890
http://scholar.google.com/scholar?q=Food+healthiness+versus+tastiness%3A+contrasting+their+impact+on+more+and+less+successful+healthy+shoppers+within+a+virtual+food+shopping+task+Mergelsberg+2019
https://doi.org/10.3389/fpsyg.2023.1238879
http://www.ncbi.nlm.nih.gov/pubmed/37854144
http://scholar.google.com/scholar?q=Neuroselling%3A+applying+neuroscience+to+selling+for+a+new+business+perspective.+An+analysis+on+teleshopping+advertising+Russo+2023
https://doi.org/10.1016/j.jneumeth.2003.10.009
http://www.ncbi.nlm.nih.gov/pubmed/15102499
http://scholar.google.com/scholar?q=EEGLAB%3A+an+open+source+toolbox+for+analysis+of+single-trial+EEG+dynamics+including+independent+component+analysis+Delorme+2004
https://doi.org/10.1109/TBME.2019.2930186
http://www.ncbi.nlm.nih.gov/pubmed/31329105
http://scholar.google.com/scholar?q=Evaluation+of+artifact+subspace+reconstruction+for+automatic+artifact+components+removal+in+multi-channel+EEG+recordings+Chang+2020
https://doi.org/10.1088/1741-2560/12/3/031001
http://www.ncbi.nlm.nih.gov/pubmed/25834104
http://scholar.google.com/scholar?q=EEG+artifact+removal-state-of-the-art+and+guidelines+Urig%C3%BCen+2015
https://doi.org/10.1016/j.neuroimage.2019.05.026
http://www.ncbi.nlm.nih.gov/pubmed/31103785
http://scholar.google.com/scholar?q=ICLabel%3A+an+automated+electroencephalographic+independent+component+classifier%2C+dataset%2C+and+website+Pion-Tonachini+2019
https://doi.org/10.1016/j.ijpsycho.2015.06.001
http://www.ncbi.nlm.nih.gov/pubmed/26071227
http://scholar.google.com/scholar?q=On+the+benefits+of+using+surface+Laplacian+%28current+source+density%29+methodology+in+electrophysiology+Kayser+2015
https://doi.org/10.1016/s0165-0173(98)00056-3
http://www.ncbi.nlm.nih.gov/pubmed/10209231
http://scholar.google.com/scholar?q=EEG+alpha+and+theta+oscillations+reflect+cognitive+and+memory+performance%3A+a+review+and+analysis+Klimesch+1999
https://doi.org/10.3390/s19030704
http://www.ncbi.nlm.nih.gov/pubmed/30744081
http://scholar.google.com/scholar?q=Correlation+and+similarity+between+cerebral+and+non-cerebral+electrical+activity+for+user%E2%80%99s+states+assessment+Borghini+2019
https://doi.org/10.1109/TBME.2017.2758643
http://www.ncbi.nlm.nih.gov/pubmed/28976309
http://scholar.google.com/scholar?q=Simple%2C+transparent%2C+and+flexible+automated+quality+assessment+procedures+for+ambulatory+electrodermal+activity+data+Kleckner+2018

03/07/25,09:16 How to nudge students toward healthier snacks? Consumer neuroscience insights on multisensory nudge interventions in university vending m...

137. Bilucaglia M, Laureanti R, Zito M, Circi R, Fici A, Russo V, et al. It’s a question of methods: computational factors influencing the frontal asymmetry in
measuring the emotional valence. Annu Int Conf IEEE Eng Med Biol Soc. 2021;2021:575-8. pmid:34891359
View Article « PubMed/NCBI ¢ Google Scholar

138. Bilucaglia M, Laureanti R, Zito M, Circi R, Fici A, Rivetti F, et al. Looking through blue glasses: bioelectrical measures to assess the awakening after a
calm situation. Annu Int Conf IEEE Eng Med Biol Soc. 2019;2019:526-9. pmid:31945953
View Article ¢ PubMed/NCBI ¢ Google Scholar

139. Zito M, Bilucaglia M, Fici A, Gabrielli G, Russo V. Job assessment through bioelectrical measures: a neuromanagement perspective. Front Psychol.
2021;12:673012. pmid:34456790
View Article « PubMed/NCBI ¢ Google Scholar

140. Russo V, Milani Marin LE, Fici A, Bilucaglia M, Circi R, Rivetti F, et al. Strategic communication and neuromarketing in the fisheries sector: generating
ideas from the territory. Front Commun. 2021;6.
View Article ¢ Google Scholar

141. R Core Team. R: a language and environment for statistical computing. 2023.

142. Fagerland M. contingencytables: Statistical Analysis of Contingency Tables; 2024. Available from: https://github.com/ocbe-uio/contingencytables

143. Bates D, Machler M, Bolker B, Walker S. Fitting linear mixed-effects models Usingime4. J Stat Soft. 2015;67(1).
View Article ¢ Google Scholar

144. Lenth R. Emmeans: estimated marginal means, aka least-squares means. 2024.
145. Wickham H. GGPIlot2: elegant graphics for data analysis. Springer; 2016. Available from: https:/ggplot2.tidyverse.org

146. Singmann H, Bolker B, Westfall J. Afex: analysis of factorial experiments. 2020. Available from: http://CRAN.R-project.org/package=afex

147. Meteyard L, Davies RAI. Best practice guidance for linear mixed-effects models in psychological science. J Mem Lang. 2020;112:104092.
View Article « Google Scholar

148. Brown VA. An introduction to linear mixed-effects modeling in R. Adv Methods Pract Psychol Sci. 2021;4(1).
View Article ¢ Google Scholar

149. Ludecke D, Ben-Shachar M, Patil |, Waggoner P, Makowski D. performance: an R package for assessment, comparison and testing of statistical models. J
Open Source Softw. 2021;6(60):3139.
View Article « Google Scholar

150. Yu H, Jiang S, Land KC. Multicollinearity in hierarchical linear models. Soc Sci Res. 2015;53:118-36. pmid:26188442
View Article « PubMed/NCBI ¢ Google Scholar

151. Schielzeth H, Dingemanse NJ, Nakagawa S, Westneat DF, Allegue H, Teplitsky C, et al. Robustness of linear mixed-effects models to violations of
distributional assumptions. Methods Ecol Evol. 2020;11(9):1141-52.
View Article ¢ Google Scholar

152. Fallon N, Giesbrecht T, Thomas A, Stancak A. A Behavioral and electrophysiological investigation of effects of visual congruence on olfactory sensitivity
during habituation to prolonged odors. Chem Senses. 2020;45(9):845-54. pmid:33035323
View Article « PubMed/NCBI « Google Scholar

153. Arena E, Hamburger K. Olfactory and visual vs. multimodal landmark processing in human wayfinding: a virtual reality experiment. J Cognit Psychol.
2023;35(6—7):688-709.
View Article « Google Scholar

154. Oh G-E (Grace), van der Lans R, Mukhopadhyay A. Choice architecture effects on indulgent consumption: evidence from combinations of nudges at an
ice-cream store. J Assoc Consum Res. 2022;7(4):450—-60.
View Article » Google Scholar

155. Ohlhausen P, Langen N. When a combination of nudges decreases sustainable food choices out-of-home—the example of food decoys and descriptive
name labels. Foods. 2020;9(5):557. pmid:32370148
View Article ¢« PubMed/NCBI ¢ Google Scholar

156. Menon S, Zhang W, Perrault ST. Nudge for deliberativeness: How interface features influence online discourse. In: The ACM CHI Conference on Human
Factors in Computing Systems. 2020, pp. 1-13.

157. Zimmerman FJ, Shimoga SV. The effects of food advertising and cognitive load on food choices. BMC Public Health. 2014;14:342. pmid:24721289
View Article « PubMed/NCBI ¢ Google Scholar

158. Tsushima Y, Nishino Y, Ando H. Olfactory stimulation modulates visual perception without training. Front Neurosci. 2021;15:642584. pmid:34408620
View Article « PubMed/NCBI ¢ Google Scholar

https://journals.plos.org/plosone/article7id=10.1371/journal .pone.0325804 20/22


https://doi.org/10.1109/EMBC46164.2021.9630625
http://www.ncbi.nlm.nih.gov/pubmed/34891359
http://scholar.google.com/scholar?q=It%E2%80%99s+a+question+of+methods%3A+computational+factors+influencing+the+frontal+asymmetry+in+measuring+the+emotional+valence+Bilucaglia+2021
https://doi.org/10.1109/EMBC.2019.8856486
http://www.ncbi.nlm.nih.gov/pubmed/31945953
http://scholar.google.com/scholar?q=Looking+through+blue+glasses%3A+bioelectrical+measures+to+assess+the+awakening+after+a+calm+situation+Bilucaglia+2019
https://doi.org/10.3389/fpsyg.2021.673012
http://www.ncbi.nlm.nih.gov/pubmed/34456790
http://scholar.google.com/scholar?q=Job+assessment+through+bioelectrical+measures%3A+a+neuromanagement+perspective+Zito+2021
https://doi.org/10.3389/fcomm.2021.659484
http://scholar.google.com/scholar?q=Strategic+communication+and+neuromarketing+in+the+fisheries+sector%3A+generating+ideas+from+the+territory+Russo+2021
https://doi.org/10.18637/jss.v067.i01
http://scholar.google.com/scholar?q=Fitting+linear+mixed-effects+models+Usinglme4+Bates+2015
https://doi.org/10.1016/j.jml.2020.104092
http://scholar.google.com/scholar?q=Best+practice+guidance+for+linear+mixed-effects+models+in+psychological+science+Meteyard+2020
https://doi.org/10.1177/2515245920960351
http://scholar.google.com/scholar?q=An+introduction+to+linear+mixed-effects+modeling+in+R+Brown+2021
https://doi.org/10.21105/joss.03139
http://scholar.google.com/scholar?q=performance%3A+an+R+package+for+assessment%2C+comparison+and+testing+of+statistical+models+L%C3%BCdecke+2021
https://doi.org/10.1016/j.ssresearch.2015.04.008
http://www.ncbi.nlm.nih.gov/pubmed/26188442
http://scholar.google.com/scholar?q=Multicollinearity+in+hierarchical+linear+models+Yu+2015
https://doi.org/10.1111/2041-210x.13434
http://scholar.google.com/scholar?q=Robustness+of+linear+mixed-effects+models+to+violations+of+distributional+assumptions+Schielzeth+2020
https://doi.org/10.1093/chemse/bjaa065
http://www.ncbi.nlm.nih.gov/pubmed/33035323
http://scholar.google.com/scholar?q=A+Behavioral+and+electrophysiological+investigation+of+effects+of+visual+congruence+on+olfactory+sensitivity+during+habituation+to+prolonged+odors+Fallon+2020
https://doi.org/10.1080/20445911.2023.2248685
http://scholar.google.com/scholar?q=Olfactory+and+visual+vs.+multimodal+landmark+processing+in+human+wayfinding%3A+a+virtual+reality+experiment+Arena+2023
https://doi.org/10.1086/720454
http://scholar.google.com/scholar?q=Choice+architecture+effects+on+indulgent+consumption%3A+evidence+from+combinations+of+nudges+at+an+ice-cream+store+Oh+G-E+2022
https://doi.org/10.3390/foods9050557
http://www.ncbi.nlm.nih.gov/pubmed/32370148
http://scholar.google.com/scholar?q=When+a+combination+of+nudges+decreases+sustainable+food+choices+out-of-home%E2%80%94the+example+of+food+decoys+and+descriptive+name+labels+Ohlhausen+2020
https://doi.org/10.1186/1471-2458-14-342
http://www.ncbi.nlm.nih.gov/pubmed/24721289
http://scholar.google.com/scholar?q=The+effects+of+food+advertising+and+cognitive+load+on+food+choices+Zimmerman+2014
https://doi.org/10.3389/fnins.2021.642584
http://www.ncbi.nlm.nih.gov/pubmed/34408620
http://scholar.google.com/scholar?q=Olfactory+stimulation+modulates+visual+perception+without+training+Tsushima+2021
https://github.com/ocbe-uio/contingencytables
https://ggplot2.tidyverse.org/
http://cran.r-project.org/package=afex

03/07/25,09:16

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

How to nudge students toward healthier snacks? Consumer neuroscience insights on multisensory nudge interventions in university vending m...

Hoérberg T, Larsson M, Ekstrém |, Sanddy C, Lundén P, Olofsson JK. Olfactory influences on visual categorization: behavioral and ERP evidence. Cereb
Cortex. 2020;30(7):4220-37. pmid:32232368
View Article « PubMed/NCBI ¢ Google Scholar

Purves D, Augustine GJ, Fitzpatrick D, Katz LC, LaMantia AS, McNamara JO. Neuroscience. Sunderland, MA, USA: Sinauer Associates; 2001, pp. 337—
54,

Rinaldi A. The scent of life. The exquisite complexity of the sense of smell in animals and humans. EMBO Rep. 2007;8(7):629-33. pmid: 17603536
View Article ¢« PubMed/NCBI ¢ Google Scholar

Pawlow LA, O'Neil PM, Malcolm RJ. Night eating syndrome: effects of brief relaxation training on stress, mood, hunger, and eating patterns. Int J Obes
Relat Metab Disord. 2003;27(8):970-8. pmid:12861239
View Article « PubMed/NCBI ¢ Google Scholar

Masih T, Dimmock JA, Epel E, Guelfi KJ. An 8-week relaxation program consisting of progressive muscle relaxation and mindfulness meditation to reduce
stress and attenuate stress-driven eating. Appl Psychol Health Well Being. 2020;12(1):188-211. pmid:31574585
View Article « PubMed/NCBI ¢ Google Scholar

van der Linden D, Frese M, Meijman TF. Mental fatigue and the control of cognitive processes: effects on perseveration and planning. Acta Psychol
(Amst). 2003;113(1):45-65. pmid:12679043
View Article « PubMed/NCBI « Google Scholar

Rapp B, Hendel SK. Principles of cross-modal competition: evidence from deficits of attention. Psychon Bull Rev. 2003;10(1):210-9. pmid:12747510
View Article « PubMed/NCBI ¢ Google Scholar

Wang Z, Zaman T. Learning preferences and user engagement using choice and time data. arXiv, preprint, 2016.
View Article « Google Scholar

Chandon P, Hutchinson JW, Bradlow ET, Young SH. Does in-store marketing work? Effects of the number and position of shelf facings on brand attention
and evaluation at the point of purchase. J Market. 2009;73(6):1-17.
View Article « Google Scholar

Inman JJ, Winer RS, Ferraro R. The interplay among category characteristics, customer characteristics, and customer activities on in-store decision
making. J Market. 2009;73(5):19-29.
View Article ¢ Google Scholar

Kastner-Jamsawang J, Wagner U. Using mobile and stationary eye tracking to better understand consumer shelf perception. Multidiscip Bus Rev (Impr).
2021;14(1):41-60.
View Article ¢ Google Scholar

Kawaguchi K, Uetake K, Watanabe Y. Designing context-based marketing: product recommendations under time pressure. Manage Sci.
2021;67(9):5642-59.
View Article « Google Scholar

Bergen D, Yeh M-C. Effects of energy-content labels and motivational posters on sales of sugar-sweetened beverages: stimulating sales of diet drinks
among adults study. J Am Diet Assoc. 2006;106(11):1866—9. pmid:17081839
View Article « PubMed/NCBI « Google Scholar

Brown MV, Flint M, Fuqua J. The effects of a nutrition education intervention on vending machine sales on a university campus. J Am Coll Health.
2014;62(7):512-6. pmid:24873741
View Article « PubMed/NCBI ¢ Google Scholar

Konstantinou N, Beal E, King J-R, Lavie N. Working memory load and distraction: dissociable effects of visual maintenance and cognitive control. Atten
Percept Psychophys. 2014;76(7):1985-97. pmid:25085738
View Article ¢« PubMed/NCBI ¢ Google Scholar

Parsons AG. Use of scent in a naturally odourless store. Int J Retail Distrib Manage. 2009;37(5):440-52.
View Article « Google Scholar

Chang |. Case study: How scent boosted supermarket sales. 2018. Available from: https://reedpacificmedia.com/case-study-how-scent-boosted-
supermarket-sales/
View Article » Google Scholar

Atmocare. Case studies of scent marketing success. 2023. Available from: https://www.atmocare.com/blog-details/case-studies-of-scent-marketing-
success
View Article ¢ Google Scholar

Jabs J, Devine CM. Time scarcity and food choices: an overview. Appetite. 2006;47(2):196—-204. pmid: 16698116
View Article « PubMed/NCBI « Google Scholar

https://journals.plos.org/plosone/article7id=10.1371/journal .pone.0325804 21/22


https://doi.org/10.1093/cercor/bhaa050
http://www.ncbi.nlm.nih.gov/pubmed/32232368
http://scholar.google.com/scholar?q=Olfactory+influences+on+visual+categorization%3A+behavioral+and+ERP+evidence+H%C3%B6rberg+2020
https://doi.org/10.1038/sj.embor.7401029
http://www.ncbi.nlm.nih.gov/pubmed/17603536
http://scholar.google.com/scholar?q=The+scent+of+life.+The+exquisite+complexity+of+the+sense+of+smell+in+animals+and+humans+Rinaldi+2007
https://doi.org/10.1038/sj.ijo.0802320
http://www.ncbi.nlm.nih.gov/pubmed/12861239
http://scholar.google.com/scholar?q=Night+eating+syndrome%3A+effects+of+brief+relaxation+training+on+stress%2C+mood%2C+hunger%2C+and+eating+patterns+Pawlow+2003
https://doi.org/10.1111/aphw.12179
http://www.ncbi.nlm.nih.gov/pubmed/31574585
http://scholar.google.com/scholar?q=An+8-week+relaxation+program+consisting+of+progressive+muscle+relaxation+and+mindfulness+meditation+to+reduce+stress+and+attenuate+stress-driven+eating+Masih+2020
https://doi.org/10.1016/s0001-6918(02)00150-6
http://www.ncbi.nlm.nih.gov/pubmed/12679043
http://scholar.google.com/scholar?q=Mental+fatigue+and+the+control+of+cognitive+processes%3A+effects+on+perseveration+and+planning+van+der+Linden+2003
https://doi.org/10.3758/bf03196487
http://www.ncbi.nlm.nih.gov/pubmed/12747510
http://scholar.google.com/scholar?q=Principles+of+cross-modal+competition%3A+evidence+from+deficits+of+attention+Rapp+2003
https://doi.org/10.48550/arxiv.1608.08168
http://scholar.google.com/scholar?q=Learning+preferences+and+user+engagement+using+choice+and+time+data.+Wang+2016
https://doi.org/10.1509/jmkg.73.6.1
http://scholar.google.com/scholar?q=Does+in-store+marketing+work%3F+Effects+of+the+number+and+position+of+shelf+facings+on+brand+attention+and+evaluation+at+the+point+of+purchase+Chandon+2009
https://doi.org/10.1509/jmkg.73.5.19
http://scholar.google.com/scholar?q=The+interplay+among+category+characteristics%2C+customer+characteristics%2C+and+customer+activities+on+in-store+decision+making+Inman+2009
https://doi.org/10.35692/07183992.14.1.5
http://scholar.google.com/scholar?q=Using+mobile+and+stationary+eye+tracking+to+better+understand+consumer+shelf+perception+Kastner-Jamsawang+2021
https://doi.org/10.1287/mnsc.2020.3783
http://scholar.google.com/scholar?q=Designing+context-based+marketing%3A+product+recommendations+under+time+pressure+Kawaguchi+2021
https://doi.org/10.1016/j.jada.2006.08.002
http://www.ncbi.nlm.nih.gov/pubmed/17081839
http://scholar.google.com/scholar?q=Effects+of+energy-content+labels+and+motivational+posters+on+sales+of+sugar-sweetened+beverages%3A+stimulating+sales+of+diet+drinks+among+adults+study+Bergen+2006
https://doi.org/10.1080/07448481.2014.920337
http://www.ncbi.nlm.nih.gov/pubmed/24873741
http://scholar.google.com/scholar?q=The+effects+of+a+nutrition+education+intervention+on+vending+machine+sales+on+a+university+campus+Brown+2014
https://doi.org/10.3758/s13414-014-0742-z
http://www.ncbi.nlm.nih.gov/pubmed/25085738
http://scholar.google.com/scholar?q=Working+memory+load+and+distraction%3A+dissociable+effects+of+visual+maintenance+and+cognitive+control+Konstantinou+2014
https://doi.org/10.1108/09590550910954928
http://scholar.google.com/scholar?q=Use+of+scent+in+a+naturally+odourless+store+Parsons+2009
http://scholar.google.com/scholar?q=+Chang+2018
http://scholar.google.com/scholar?q=++2023
https://doi.org/10.1016/j.appet.2006.02.014
http://www.ncbi.nlm.nih.gov/pubmed/16698116
http://scholar.google.com/scholar?q=Time+scarcity+and+food+choices%3A+an+overview+Jabs+2006
https://reedpacificmedia.com/case-study-how-scent-boosted-supermarket-sales/
https://reedpacificmedia.com/case-study-how-scent-boosted-supermarket-sales/
https://www.atmocare.com/blog-details/case-studies-of-scent-marketing-success
https://www.atmocare.com/blog-details/case-studies-of-scent-marketing-success

03/07/25,09:16 How to nudge students toward healthier snacks? Consumer neuroscience insights on multisensory nudge interventions in university vending m...

178. Pelletier JE, Laska MN. Balancing healthy meals and busy lives: associations between work, school, and family responsibilities and perceived time
constraints among young adults. J Nutr Educ Behav. 2012;44(6):481-9. pmid:23017891
View Article «+ PubMed/NCBI ¢ Google Scholar

179. Bukowski WM, Laursen B, Kenneth RH. Handbook of peer interactions, relationships, and groups. The Guilford Press; 2019.

180. Higgs S. Social norms and their influence on eating behaviours. Appetite. 2015;86:38—44. pmid:25451578
View Article « PubMed/NCBI « Google Scholar

181. Shampanier K, Mazar N, Ariely D. Zero as a special price: the true value of free products. Market Sci. 2007;26(6):742-57.
View Article ¢ Google Scholar

182. Afshin A, Pefalvo JL, Del Gobbo L, Silva J, Michaelson M, O’Flaherty M, et al. The prospective impact of food pricing on improving dietary consumption: a
systematic review and meta-analysis. PLoS One. 2017;12(3):e0172277. pmid:28249003
View Article « PubMed/NCBI ¢ Google Scholar

183. Steenhuis IHM, Waterlander WE, de Mul A. Consumer food choices: the role of price and pricing strategies. Public Health Nutr. 2011;14(12):2220-6.
pmid:21752312
View Article « PubMed/NCBI « Google Scholar

184. Venema TAG, Kroese FM, Benjamins JS, de Ridder DTD. When in doubt, follow the crowd? Responsiveness to social proof nudges in the absence of
clear preferences. Front Psychol. 2020;11:1385. pmid:32655456
View Article « PubMed/NCBI « Google Scholar

185. Grelle S, Kuhn S, Fuhrmann-Riebel H, Hofmann W. The role of framing and effort in green nudging acceptance. Behav Public Policy. 2024;8(4):717-32.
View Article ¢ Google Scholar

186. Beshears J, Kosowsky H. Nudging: progress to date and future directions. Organ Behav Hum Decis Process. 2020;161(Suppl):3—19. pmid:33716395
View Article ¢ PubMed/NCBI ¢ Google Scholar

187. Pandey S, Olsen A, Perez-Cueto FJA, Thomsen M. Nudging toward sustainable food consumption at university canteens: a systematic review and meta-
analysis. J Nutr Educ Behav. 2023;55(12):894-904. pmid:37930295
View Article « PubMed/NCBI ¢ Google Scholar

188. Arno A, Thomas S. The efficacy of nudge theory strategies in influencing adult dietary behaviour: a systematic review and meta-analysis. BMC Public
Health. 2016;16:676. pmid:27475752
View Article « PubMed/NCBI ¢ Google Scholar

189. Cesareo M, Sorgente A, Labra M, Palestini P, Sarcinelli B, Rossetti M, et al. The effectiveness of nudging interventions to promote healthy eating choices:
a systematic review and an intervention among ltalian university students. Appetite. 2022;168:105662. pmid:34474099
View Article « PubMed/NCBI « Google Scholar

190. Venema TAG, Kroese FM, Verplanken B, de Ridder DTD. The (bitter) sweet taste of nudge effectiveness: the role of habits in a portion size nudge, a proof
of concept study. Appetite. 2020;151:104699. pmid:32277952
View Article »+ PubMed/NCBI « Google Scholar

191. Schubert E, Bode S. Positive emotions and their upregulation increase willingness to consume healthy foods. Appetite. 2023;181:106420. pmid:36513297
View Article « PubMed/NCBI ¢ Google Scholar

192. Zwierczyk U, Sowada C, Duplaga M. Eating choices—the roles of motivation and health literacy: a cross-sectional study. Nutrients. 2022;14(19):4026.
pmid:36235678
View Article « PubMed/NCBI « Google Scholar

https://journals.plos.org/plosone/article7id=10.1371/journal .pone.0325804 22/22


https://doi.org/10.1016/j.jneb.2012.04.001
http://www.ncbi.nlm.nih.gov/pubmed/23017891
http://scholar.google.com/scholar?q=Balancing+healthy+meals+and+busy+lives%3A+associations+between+work%2C+school%2C+and+family+responsibilities+and+perceived+time+constraints+among+young+adults+Pelletier+2012
https://doi.org/10.1016/j.appet.2014.10.021
http://www.ncbi.nlm.nih.gov/pubmed/25451578
http://scholar.google.com/scholar?q=Social+norms+and+their+influence+on+eating+behaviours+Higgs+2015
https://doi.org/10.1287/mksc.1060.0254
http://scholar.google.com/scholar?q=Zero+as+a+special+price%3A+the+true+value+of+free+products+Shampanier+2007
https://doi.org/10.1371/journal.pone.0172277
http://www.ncbi.nlm.nih.gov/pubmed/28249003
http://scholar.google.com/scholar?q=The+prospective+impact+of+food+pricing+on+improving+dietary+consumption%3A+a+systematic+review+and+meta-analysis+Afshin+2017
https://doi.org/10.1017/S1368980011001637
http://www.ncbi.nlm.nih.gov/pubmed/21752312
http://scholar.google.com/scholar?q=Consumer+food+choices%3A+the+role+of+price+and+pricing+strategies+Steenhuis+2011
https://doi.org/10.3389/fpsyg.2020.01385
http://www.ncbi.nlm.nih.gov/pubmed/32655456
http://scholar.google.com/scholar?q=When+in+doubt%2C+follow+the+crowd%3F+Responsiveness+to+social+proof+nudges+in+the+absence+of+clear+preferences+Venema+2020
https://doi.org/10.1017/bpp.2024.8
http://scholar.google.com/scholar?q=The+role+of+framing+and+effort+in+green+nudging+acceptance+Grelle+2024
https://doi.org/10.1016/j.obhdp.2020.09.001
http://www.ncbi.nlm.nih.gov/pubmed/33716395
http://scholar.google.com/scholar?q=Nudging%3A+progress+to+date+and+future+directions+Beshears+2020
https://doi.org/10.1016/j.jneb.2023.09.006
http://www.ncbi.nlm.nih.gov/pubmed/37930295
http://scholar.google.com/scholar?q=Nudging+toward+sustainable+food+consumption+at+university+canteens%3A+a+systematic+review+and+meta-analysis+Pandey+2023
https://doi.org/10.1186/s12889-016-3272-x
http://www.ncbi.nlm.nih.gov/pubmed/27475752
http://scholar.google.com/scholar?q=The+efficacy+of+nudge+theory+strategies+in+influencing+adult+dietary+behaviour%3A+a+systematic+review+and+meta-analysis+Arno+2016
https://doi.org/10.1016/j.appet.2021.105662
http://www.ncbi.nlm.nih.gov/pubmed/34474099
http://scholar.google.com/scholar?q=The+effectiveness+of+nudging+interventions+to+promote+healthy+eating+choices%3A+a+systematic+review+and+an+intervention+among+Italian+university+students+Cesareo+2022
https://doi.org/10.1016/j.appet.2020.104699
http://www.ncbi.nlm.nih.gov/pubmed/32277952
http://scholar.google.com/scholar?q=The+%28bitter%29+sweet+taste+of+nudge+effectiveness%3A+the+role+of+habits+in+a+portion+size+nudge%2C+a+proof+of+concept+study+Venema+2020
https://doi.org/10.1016/j.appet.2022.106420
http://www.ncbi.nlm.nih.gov/pubmed/36513297
http://scholar.google.com/scholar?q=Positive+emotions+and+their+upregulation+increase+willingness+to+consume+healthy+foods+Schubert+2023
https://doi.org/10.3390/nu14194026
http://www.ncbi.nlm.nih.gov/pubmed/36235678
http://scholar.google.com/scholar?q=Eating+choices%E2%80%94the+roles+of+motivation+and+health+literacy%3A+a+cross-sectional+study+Zwierczyk+2022

