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Abstract: Easier recognition and enhanced visibility of healthy options supposedly increase healthy
choices, but real-world evidence remains scarce. Addressing this knowledge gap, we promoted nutri-
tionally favourable foods in a workplace cafeteria with three choice-architectural strategies—priming
posters, point-of-choice nutrition labels, and improved product placement—and assessed their effects
on visual attention, food choices, and food consumption. Additionally, we developed a method
for analysing real-world eye-tracking data. The study followed a pretest–posttest design whereby
control and intervention condition lasted five days each. We monitored visual attention (i.e., total
number and duration of fixations) and food choices with eye tracking, interviewed customers about
perceived influences on food choices, and measured cafeteria-level food consumption (g). Individual-
level data represents 22 control and 19 intervention participants recruited at the cafeteria entrance.
Cafeteria-level data represents food consumption during the trial (556/589 meals sold). Results
indicated that the posters and labels captured participants’ visual attention (~13% of fixations on
defined areas of interest before food choices), but the intervention had insignificant effects on visual
attention to foods, on food choices, and on food consumption. Interviews revealed 17 perceived
influences on food choices, the most common being sensory appeal, healthiness, and familiarity. To
conclude, the intervention appeared capable of attracting visual attention, yet ineffective in increasing
healthier eating. The developed method enabled a rigorous analysis of visual attention and food
choices in a natural choice setting. We discuss ways to boost the impact of the intervention on
behaviour, considering target groups’ motives. The work contributes with a unique, mixed-methods
approach and a real-world setting that enabled a multi-dimensional effects evaluation with high
external validity.

Keywords: choice architecture; workplace cafeteria; food choice; nutrition; health promotion; eye
tracking; mixed methods

1. Introduction

Redesigning choice architectures—the way available options are presented in choice
environments [1]—is a gentle, non-intrusive approach to promote healthy eating. The
approach acknowledges people’s limited ability to regulate behaviour deliberately accord-
ing to their self-declared interests [2], and seeks to facilitate healthy behaviours, inter alia,
by making healthier options more effortless and visible [3]. For the working population,
workplace cafeterias are regular food-choice environments that contribute to a substantial
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proportion of overall dietary intake [4,5]. Interventions conducted at workplace cafeterias
have the potential to reach large audiences and improve workers’ nutrition and health [6],
an outcome that benefits employers and the society as well [7,8].

Interventions that facilitate the recognition and enhance the visibility of health-promoting
foods have proved capable of encouraging healthier eating [9]. Examples of such interven-
tions include visual cues that prime for healthy choices [10], nutrition labels that communi-
cate the nutritional properties of foods [11,12], and changes to product placement [13,14].
Primes can involve words or images that activate motivations for healthy eating, conse-
quently enhancing people’s ability to recognize and choose healthy foods [15,16]. Nutrition
labels prompt people to reassess their food choices at the point of choice and assist in iden-
tifying healthier options [17]. Improvements in product placement increase both visibility
and convenience, for example, by placing healthy options at the eye level [18], first in
line [19], or physically closer to the chooser [20]. Evidence suggests that the closer foods
are the greater their consumption, and vice versa [14]. While priming and placement
interventions influence behaviour more directly, often without noticing, nutrition labels
require somewhat greater cognitive involvement [9,10]. Learnings from behavioural sci-
ences stress the importance of conveying nutrition information in a way that considers
actual human behaviour [16]. In food purchasing contexts, such behaviour typically fol-
lows decisions that build on simple-to-interpret cues rather than in-depth processing of
detailed information [21,22]. According to the dual process theories of cognition, this trans-
lates to decision-making processes that employ automatic rather than reflective cognitive
processes [23,24].

Despite a wealth of literature about priming, nutrition labels, and placement strategies,
real-world evidence from workplace cafeterias remains limited and inconsistent [18,20,25–29].
Conflicting findings could be explained, for example, by the varying capabilities of inter-
ventions to capture participants’ visual attention, a prerequisite for strategies that influence
via eyesight [9,30]. Alternatively, target populations’ diverse preferences could explain
varying responses to interventions [31,32].

Attention is a limited resource that allows us to notice particular objects and decide
whether to act upon them [33]. Attention can be captured by external stimuli that stand out
in the visual field (i.e., bottom-up processing), or it can be driven by internal influences,
such as prior experiences or current goals (i.e., top-down processing) [34–36]. Studies
on visual attention have mainly relied on self-reports, such as interviews or question-
naires, although these methods may yield biased results, typically overestimating true
attention [21,22,30,37].

Eye tracking enables the measurement of eye movements and provides an objective
method to study visual attention and behaviour [38]. Fixations are eye movements that
reflect exposure to visual stimuli [39]. During fixations, eyes hold gazed objects steady on
the foveal region of the retina—the central 1–2 degrees of visual angle—enabling a detailed
perception of fixated objects [40,41]. Since attention typically determines where the eyes go,
fixations serve as proxies for the location of visual attention [38,39]. Visual attention, in turn,
often projects the focus of current active processing [33]. In the food-choice context, greater
visual attention may reflect the attraction of targeted foods [42] and predict subsequent
food choices [15,36,43–45].

Eye tracking is commonly used in psychological, marketing, and consumer research,
but it is less familiar to the fields of nutrition and health promotion. Moreover, the method
has been applied nearly exclusively in hypothetical or simulated choice contexts [42].
While recent food-related eye-tracking experiments have moved from laboratories to more
naturalistic environments [22,36,44,46,47], intervention studies are lacking that employ eye
tracking to explore the food choice process in fully unconstrained real-world settings.

The aim of this study was to assess the effects of an intervention that promoted food
choices of high nutritional quality in a workplace cafeteria with three choice-architectural
strategies for easier recognition and enhanced visibility of targeted foods: (1) priming
posters, (2) prominent point-of-choice nutrition labels, and (3) improved product place-
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ment. In addition, the study developed a method for analysing eye-tracking data collected
in a natural choice setting. Quantitative effects evaluation considered individual-level
visual attention (i.e., total number and duration of fixations) and food choices, as well as
cafeteria-level food consumption. The hypotheses were that prominently displayed posters
and labels would catch the eye, and that the intervention would increase visual attention
to promoted foods as well as the choices and consumption of these foods. Qualitative
analysis considered perceived influences on food choices, observations of the interven-
tion, and understanding of the used nutrition label. The mixed-methods approach that
employed objective and subjective data and integrated quantitative and qualitative ele-
ments [48] enabled a multi-dimensional examination of the cascade of intervention effects
from perception to action.

2. Materials and Methods
2.1. Study Design

The study followed a quasi-experimental pretest–posttest design and took place in a
workplace cafeteria in the Northern Savo region of Finland between January and February
2018. Pre-intervention measurements took place at baseline and served as control for
post-intervention measurements that took place five weeks later, immediately after the
launch of the intervention. Both measurement periods lasted five days (Monday through
Friday), during which the cafeteria served identical menus. The study is an independent
part of a larger type 2 diabetes prevention study, Stop Diabetes (StopDia) [49] reviewed by
the research ethics committee of the hospital district of Northern Savo, Finland (statement
number: 467/2016, date of approval: 3 January 2017).

2.2. Setting

The study cafeteria was located in a municipal office building in an urban area and
served approximately 150 customers per day. The clientele consisted predominantly of
employees of the office and nearby workplaces, yet also included some individuals outside
the working life, such as senior citizens and students. Lunch hours were daily from
10.30 a.m. to 1 p.m.

The cafeteria operated in a self-service model in which customers choose and compose
their meals from a serving line (Figure 1). The cafeteria provided daily four warm main
course options: two fish/meat courses, one vegetarian course, and one soup, together with
relevant carbohydrate accompaniments (rice and/or potatoes) and steamed vegetables
(see Supplementary Table S1 for the entire menu). The warm meals also included bread,
beverages, and side salad. In addition, the cafeteria provided a salad bar as a cold main
course option. The salad bar consisted of 18−19 salad components per day, including
vegetables and fruits, mixed salads, protein sources (meat, egg, cheese, pulses, fish, and
tofu varieties), and condiments (seeds, nuts, tortilla chips, and roasted onion crumbs), as
well as a variety of dressings. Furthermore, the cafeteria sold some snacks and desserts.
The cafeteria and its food offering represented a typical workplace cafeteria in Finland.

The cafeteria belonged to the Heart-symbol system of the Finnish Heart Association
and the Finnish Diabetes Association (www.sydanmerkki.fi/en, accessed on 9 Septem-
ber 2022). The Heart symbol (Figure 2) is a voluntary, positive nutrition label that EU-
Regulation (EC No. 1924/2006) acknowledges as a nutritional claim, and that food manu-
facturers and caterers can apply for their products. The symbol indicates nutritionally better
choices that meet product category-specific nutrition criteria for the quantity and quality
of fat, and the quantity of salt, sugar, and fibre. The criteria build on the Finnish nutrition
recommendations [50], acknowledge major public health nutrition challenges prevalent
in Finland [4], and are updated regularly by an independent expert group that consist
of professionals in nutrition and medicine [51]. Since its launch in 2000, the symbol has
become familiar to the majority of Finnish adults [51]. As a member of the Heart-symbol
system, the study cafeteria was committed to provide daily at least one option in defined
product categories (main course, side dish, bread, fat spread, milk/sour milk, salad, and

www.sydanmerkki.fi/en
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salad dressing) that fulfilled the Heart-symbol criteria. Yet, the cafeteria was allowed to also
provide options that did not meet the criteria. The cafeteria had standardised recipes with
calculations of the nutritional content of all foods prepared in the kitchen, and knowledge
on the food items in their offering that met and did not meet relevant Heart-symbol criteria.
Additionally, the Finnish Heart Association had granted the cafeteria the right to label their
criteria-fulfilling foods with the Heart symbol. At baseline, however, the cafeteria did not
inform their customers about the Heart symbol nor indicate corresponding options on the
serving line (Section 2.4). Hence, while the cafeteria was a member of the Heart-symbol
system and offered corresponding options, the customers had no way of knowing this
merely by observing the cafeteria environment. The study cafeteria provided thus an
appropriate setting to study the effects of choice-architectural strategies that facilitate the
recognition and enhance the visibility of nutritionally beneficial options while the food
offering remained unchanged. Hereafter, we refer to options that meet the nutrition cri-
teria of the Heart symbol as “heart-foods” and options that do not meet the criteria as
“non-heart-foods”.
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2.3. Participants and Their Recruitment

A week before each study period, we displayed notices in the cafeteria that informed
of a forthcoming consumer study and the opportunity for customers to participate. The
personnel of the office building that housed the cafeteria received this information also
via email from their human resources manager. During the study periods, we recruited
participants at the entrance of the cafeteria. Participants were informed about study aims
(“customer perceptions in the cafeteria”) and data collection methodology. Participation in
eye tracking required the ability to navigate through the cafeteria and to compose and pay
for the lunch without eyeglasses. Hence, customers could participate either in eye tracking
and interview or in interview only. During the intervention, to maximise data collected, we
allowed participation both for customers that had participated during the control condition
and for customers that had not. As a result, the samples recruited during control and
during intervention included partly same and partly different individuals (Table 1). We
thus apply statistical methods developed for comparing two partially overlapping samples
that include both paired and independent observations [52–55]. Participants received fruit
as a compensation for their contribution.

Table 1. The number of observations included in each analysis conducted in the study.

Analysis Data n Control + Intervention

Fixations on Heart-symbol materials and foods Eye tracking 17 + 17 1

Food choices Eye tracking 22 + 19 2

Perceived influences on food choices Interview 22 + 19 2

Self-reported observations and understanding of the Heart symbol Interview 22 + 19 2

Cafeteria-level food consumption Food consumption 556 + 589 meals sold
1 Excludes participants with unsuccessful eye tracking or zero fixations on defined areas of interest before food
choices (control: n = 5, intervention: n = 2; see Section 2.6.1) and includes four individuals who participated in eye
tracking and interviews in both study conditions. 2 Includes seven individuals who participated in eye tracking
and interviews in both study conditions.

Altogether, 41 customers (control: n = 22, intervention: n = 19) participated in eye track-
ing and interviews, and an additional 51 customers (control: n = 30, intervention: n = 21)
only in interviews. In this paper, we report the results of the sample that participated in
both eye tracking and interviews because the data collected from the interview-only sample
did not yield significant additional information relevant to the research questions of the
current study (data not shown). The included sample of the control condition comprised
14 (64%) men and 8 (36%) women with a mean age of 43 years (SD 12, range 19–63). The
included sample of the intervention condition comprised 10 (53%) men and 9 (47%) women
with a mean age of 46 years (SD 10, range 31–63). No significant between-condition differ-
ences were found in the distributions of gender (partially overlapping samples “z8”-test
for comparing proportions [52]: statistic = −0.879, p = 0.379) or age (partially overlapping
samples t-test “Tnew1” with equal variances assumed [53,55]: statistic = −0.986, p = 0.332).
The intervention sample included eight individuals (six men and two women with a mean
age of 44 years [SD 9, range 31–58]) who had participated also during the control condition
in eye tracking and interviews (n = 7) or only in interviews (n = 1). The gender and age
distribution of these participants did not differ significantly from other participants of the
intervention condition (Fisher’s exact test p = 0.170; t [17] = −0.770, p = 0.452, respectively).

The majority of participants appeared to be familiar with the cafeteria. Although we
did not enquire about this specifically, 11 (50%) participants of the control condition clearly
implied in their reports that they had been in the cafeteria before. On the other hand, only
one participant of the control condition mentioned not having been to the cafeteria before.
In the intervention condition, all participants were assumed to be familiar with the cafeteria
because none declared themselves first-timers when we asked if they noticed any changes
in the cafeteria compared to earlier.
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2.4. Control and Intervention Condition

During the control condition, we made no changes in the cafeteria. At this point,
Heart-foods were not readily identifiable on the serving line. Their recognition required
efforts to search for nutrition information typically provided in the small print of menus or
product packages (Table 2). The arrangement of heart-food and non-heart-food options on
the serving line was not systematic.

Table 2. Choice-architectural elements in place (x) during control and intervention. Heart-food refers
to food items that met the product category-specific nutrition criteria of the Heart symbol.

Element Description Control Intervention

Standard nutrition
information

Heart-food main course options indicated with tiny
black-and-white Heart symbols (font size ~8 pt.) next to

allergen information on menu boards (size A4) at the cafeteria
entrance and on the serving line.

x x 1

Pre-packaged heart-food items such as salad dressings featured
small front-of-pack or back-of-pack Heart symbols. Seeing the
symbols required lifting the products up from the serving line

and reviewing product information.

x x 1

Priming

Heart-foods promoted with posters (size A4–A3) at the cafeteria
entrance and on two sides of a pillar at the end of serving line
stretch #1. Each poster featured one of two slogans: “Follow the

heart” or “A sign of good food”.

x

Prominent point-of-choice
nutrition labels

Heart-foods and salad-bar notices (size A4) labelled with up to
10 × 10 cm Heart symbols on the serving line. x

Placement

Heart-foods placed first in line and towards the front row,
non-heart-foods last in line and towards the back row within

product categories (i.e., snacks, salad components, salad
dressings, warm courses, breads, and beverages). Heart-food

snack options lifted at the eye level.

x

1 No changes were made to the information that was available already at baseline.

During the intervention, we promoted heart-foods with three choice-architectural
strategies: priming, point-of-choice nutrition labels, and placement (Table 2). The first
author (E.R.) was responsible for the implementation, made needed adjustments each day
before the beginning of the lunch service, and monitored the quality of implementation
throughout the intervention. The priming strategy displayed posters at the cafeteria
entrance and on the serving line (Figure 3), and the point-of-choice labelling strategy
indicated all available heart-foods with Heart symbols (Figure 4). The only exception
was the salad bar whereby limited space impeded labelling individual salad components
separately and unambiguously. The salad components were hence labelled as a whole,
and a sign informed that the salad bar enables composing a meal that deserves the Heart
symbol. Consequently, our data analyses categorised all salad components as heart-foods.
Salad dressings, however, were labelled individually.

The placement strategy set heart-food items first in line and towards the front row
and non-heart-food items last in line and towards the back row within product categories
(Table 2). Heart-food snack items were additionally lifted on the top shelf of a display
to enable eye-level view. On serving line stretch #2 (Figure 1), the placement manipula-
tion excluded the soup whose position was fixed due to the layout of the serving line.
In addition, according to the wishes of the cafeteria staff, the placement of a couple of
other warm courses remained suboptimal on two days of the intervention week due to
practicalities concerning cleanliness and food sufficiency. Otherwise, the implementation
on stretches #1–2 followed plans. According to literature, expecting perfect or near-perfect
implementation is unrealistic and unnecessary because few interventions have reached
implementation levels closer than 80% of optimal and because studies have yielded pos-
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itive results with levels around 60% [56]. We hence considered the implementation on
stretches #1–2 overall satisfactory. On serving line stretch #3, however, the implementation
faced major challenges throughout the intervention week because most food items kept
travelling away from their assigned places and corresponding Heart labels as customers
handled them. Such implementation quality was unacceptable, as the findings would not
have reflected the intended intervention. Hence, our data analyses considered only data
collected at stretches #1–2.
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2.5. Data Collection

Our data collection methods comprised eye tracking, recording cafeteria-level food
consumption, and interviews. Collected data involved no identifiable information on
study participants.

2.5.1. Eye Tracking

We collected eye-tracking data to study the effect of the intervention on visual attention
to Heart-symbol materials, heart-foods, and non-heart-foods, as well as on food choices.
The recording started before participants reached the beginning of the serving line and
ended after they left the serving line (Figure 1). The data were collected with video-based
mobile eye-tracking glasses (iViewETG 2.7, SensoMotoric Instruments GmbH, Teltow,
Germany) that take 30 frames per second (i.e., 30 Hz binocular sampling rate) and feature a
scene camera with a resolution of 1280 × 960 pixels (Figure 5). This device captures the
wearer’s eye movements with two small cameras on the bottom rim of the glasses and
maps the point of gaze into a scene video [57]. An experienced research technician was
responsible for handling the eye-tracking device throughout the study.
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We calibrated the eye-tracking glasses for each participant with a three-point calibra-
tion protocol [57] (Figure 5a). After the calibration, we added study identification codes on
participants’ trays and instructed participants to proceed to the serving line, compose the
lunch meal of their choice, and pay for the meal as they normally would (Figure 5b). After
leaving the serving line, the research technician took the eye-tracking glasses and guided
participants to the interview (Section 2.5.3).

2.5.2. Cafeteria-Level Food Consumption

To compute cafeteria-level food consumption, we manually recorded the weights
(g) of all food items available on the serving line during the lunch service, as well as
corresponding leftovers at the end of the service. This procedure recurred every day during
control and intervention. Before the beginning of the lunch service, we obtained recorded
measures by weighing served food items with the cafeteria’s kitchen scale, by consulting
waybills that reported the quantities of foods supplied from the caterer’s central kitchen,
and/or by information that manufacturers provided on packaged food products. During
the lunch service, the cafeteria staff reported the type and quantity of foods they added on
the serving line. At the end of the service, we weighed all leftovers with the same kitchen
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scale as before the beginning of the service. The consumption data were recorded by the
first and the second author (E.R. and E.J.-R.) together with three nutrition students.

2.5.3. Interviews

After participants had composed their meals and before they started to eat, we pho-
tographed their trays and interviewed them. The interview aimed to capture factors
participants perceived to influence their food choices, as well as participants’ observations
of the intervention and understanding of the Heart symbol. During both control and
intervention, we enquired perceived influences on food choices with three questions: one
about factors participants paid attention to on the serving line while composing meals,
one about factors that determined participants’ choices on the participation day, and one
about factors participants usually held to be important when choosing foods. In addition,
we asked whether participants’ choices on the participation day were typical of them.
Recorded demographics comprised age and gender.

During the intervention, we additionally asked whether participants noticed any
changes in the cafeteria. If they did, we asked them to elaborate the observed changes, their
opinion on the changes, as well as perceived effects of the changes on their food choices.
At the end of the interview, we showed participants the Heart symbol (Figure 2) and asked
if they were familiar with it and how did they interpret it. Finally, participants reported
whether they had participated in the study also during the control condition.

The interviews lasted up to five minutes per participant and were conducted by the
second author—an authorised nutritionist (E.J.-R.)—together with two nutrition students.
Longer interviews were not feasible, because participants had to be dismissed before their
foods got cold. The interviewers took field notes of participants’ answers and typed the
answers as soon as possible after the interviews.

2.6. Analyses
2.6.1. Fixations on Heart-Symbol Materials and Foods

We analysed the collected eye-tracking data with SMI BeGazeTM 3.4 behavioural
and gaze analysis software build 52, 2014© [58]. This software detects fixations with a
dispersion-based algorithm that identifies fixations as groups of consecutive data points
within a particular dispersion [59]. The software uses a minimum fixation-duration thresh-
old of 80 ms. We analysed the detected fixations with a scan path visualisation that indicates
the point of each fixation with a colourful circle on the scene video that represents par-
ticipants’ field of vision (Figure 4). In this visualisation, the software uses a maximum
fixation-duration threshold of 500 ms. Following the software thresholds, we limited our
analysis to 80–500 ms long fixations. The analysis covered the section between participants’
arrival to serving line stretch #1 and the moment when they had passed by the targets
of the intervention at stretch #2 (Figure 1). This section had satisfactory implementation
throughout the intervention. We exported full reports of each participant’s fixations from
the eye-tracking data analysis software, and from these reports, extracted 80–500 ms long
fixations within the target section.

We coded the extracted fixations manually based on visual inspection of freeze-frames
from participants’ eye-tracking videos; a method used in coding eye-tracking data from
shopping environments [22,44]. The coded data comprised in total 7261 fixations (control:
n = 3581, intervention: n = 3680) from 37 participants with unbroken eye-tracking record-
ings (control: n = 19, intervention: n = 18). The recordings of two participants (control:
n = 1, intervention: n = 1) appeared to be poorly calibrated, however, and were excluded
from the analysis. After this exclusion, the data covered 6949 fixations (control: n = 3368, in-
tervention: n = 3581) from 35 participants with successful eye-tracking recordings (control:
n = 18, intervention: n = 17).

The first author (E.R.) was responsible for coding the fixations. She had been involved
in designing and implementing the intervention, and she knew the locations of all objects
of interest on the serving line as well as the categorisation of available foods into heart-
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and non-heart options. Such single-coder approach has been used in eye-tracking research
with manually laborious analysis [46], and is a methodologically sound choice as long as
it includes checks on validity and reliability [60]. We promoted validity and reliability
through a peer-checking process typical of qualitative research [60,61]. The peer-checking
meant that the first author iteratively reviewed samples of fixations and suggested coding
with several other authors (E.J.-R., K.P. (Kati Pettersson), J.L., J.N., P.A., and L.K.), and the
authors discussed, refined, and agreed on the coding.

For the coding, we listed all objects of interest on the serving line stretches #1–2
(Supplementary Table S1) and defined the area of interest (AoI) for each object (Supplemen-
tary Table S2). The AoIs covered the priming posters and point-of-choice Heart symbols
added on the serving line during the intervention, as well as all heart-food and non-
heart-food items available during control and intervention. We coded fixations whose
point indicators touched any AoIs in the video frame (control: n = 1489 [44.2%], inter-
vention: n = 1761 [49.2%]) according to three target groups: (1) Heart-symbol materials,
(2) heart-foods, and (3) non-heart-foods. The coding was not mutually exclusive, because
the fixation point indicator could touch several objects simultaneously. In such situations
(control: n = 24 [0.7%], intervention: n = 206 [5.8%]), fixations received codes according
to all touched objects. If fixation targets were unidentifiable due to long distance and/or
blurry video, fixations were excluded and coded “unclear” (control: n = 1 [0.03%], interven-
tion: n = 3 [0.08%]). Fixations that touched foods on participants’ own or other customers’
plates were coded according to their targets only when the plates and hence the fixated
foods were lifted over corresponding AoIs on the serving line during portioning, and
before the point of choice of the foods were passed (control: n = 116 [3.4%], intervention:
n = 130 [3.6%]).

Besides coding the fixations that touched AoIs according to their targets, we also coded
these fixations depending on their timing relative to food choices. A food choice referred
to the first time when participants started to portion a given food. Moments of choice
were determined case-by-case and involved, for example, reaches for food items or their
serving utensils, reaches for salad bowls reserved for customers that chose the salad bar, or
moments in which participants began to remove the caps of salad dressing bottles to enable
pouring. Since the study aims to capture the potential effect of the intervention on food
choices, we were particularly interested in fixations that preceded food choices. We gave
fixations a code “pre” when they touched foods or related Heart-symbol materials before
choices were made concerning the targeted foods (control: n = 674 [20.0%], intervention:
n = 991 [27.7%]), and focus further analyses on these fixations. This coding was conducted
at the level of food item, except for salad components in the salad bar that were considered
as a whole (Supplementary Table S2).

At serving line stretch #1 (Figure 1), the intervention comprised one “Follow the
heart”-poster (Figure 3) and one Heart symbol (Figure 2) attached to a salad bar notice.
Only two participants of the intervention condition had fixations that swept the AoIs of
these objects (2–3 fixations per participant). Hence, we chose to limit further analyses to
fixations at serving line stretch #2, for which most of the AoIs were drawn and whereby
participants made their actual food choices. The final data set comprises 1660 fixations
(control: n = 674, intervention: n = 986) on AoIs before food choices were made. Within
this sample, the proportion of fixations with overlapping targets (Heart-symbol materials,
heart-foods, and/or non-heart-foods) is 12.0% (control 3.4%, intervention 17.8%).

Our main outcome measures are the total number and total duration of fixations
participants had on Heart-symbol materials, heart-foods, or non-heart-foods before food
choices at serving line stretch #2. Due to between-participant differences in the time
spent at the serving line and in the number of fixations accumulated during this time,
we follow a procedure used before [15,46] and report the outcomes as the percentages of
participants’ total fixations on AoIs before food choices at stretch #2. The final study sample
consists of 17 participants of the control condition and 17 participants of the intervention
condition, excluding one participant of the control condition who had zero fixations on
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AoIs, and to whom we were thus unable to compute percentages. In addition to the main
outcomes, to illustrate the share of overall visual attention that fixations on AoIs covered,
we report the percentages of these fixations within participants’ total fixations by the
analysed section of serving line stretch #2. We examined differences between the control
and the intervention condition using the partially overlapping samples t-test “Tnew1” for
comparing the means of normally distributed variables with equal variances [53,55], and
the non-parametric counterpart “TRNK1” test for assessing the location shift of non-normally
distributed variables with equal variances [54]. We checked the normality assumption with
the Shapiro-Wilk test and the visual inspection of distribution curves, and the equality of
variances assumption with the partially overlapping samples variances test “Tvar1” [62].
We report all p-values two-tailed, using p-value 0.05 as the level of statistical significance.
For data management and analysis, we employed Microsoft Excel® 2016 (Redmond, WA,
USA), IBM SPSS® Statistics 28.0 (Armonk, NY, USA), and R version 4.2.1 [63] with the
“Partiallyoverlapping” R-package version 2.0 [64].

2.6.2. Food Choices

We tracked participants’ food choices from their eye-tracking videos and recorded
each food item participants added on their trays. With four participants whose eye tracking
failed entirely so that the recordings could not be played (control: n = 3, intervention:
n = 1), we relied on their interview answers and photos taken of their meals (Section 2.5.3).
We examined food choices at the level of food item, considering individual snacks, salad
components, salad dressings, warm courses, condiments, and desserts chosen from serving
line stretch #2 (Supplementary Table S1).

Our main outcome measures are the number of food items chosen per participant
during control and intervention, and the percentages of these items that were heart- and
non-heart-options. As the outcome variables did not follow a normal distribution across the
conditions (Shapiro-Wilk test p < 0.05), we examined differences between the control and
the intervention condition using the non-parametric partially overlapping samples “TRNK1”
test with equal variances assumed [54]. We checked the equality of variances assumption
with the partially overlapping samples variances test “Tvar1” [62]. We report all p-values
two-tailed, using p-value 0.05 as the level of statistical significance. We ran the analyses
with and without participants who chose the salad bar as they had a greater number of
items to choose from compared to warm-course choosers, and because all salad components
were categorised as heart-food items (Section 2.4). For data management and analysis,
we employed Microsoft Excel® 2016 (Redmond, WA, USA), IBM SPSS® Statistics 28.0
(Armonk, NY, USA), and R version 4.2.1 [63] with the “Partiallyoverlapping” R-package
version 2.0 [64].

2.6.3. Cafeteria-Level Food Consumption

To obtain cafeteria-level estimates of food consumption, we subtracted the weight (g)
of leftovers from the weight of foods served over the lunch service. The analysis covered
food items available on serving line stretch #2 (Figure 1, Supplementary Table S1), excluding
snacks and desserts due to incomplete data collection. Among the foods included in the
analysis, missing data concerned 0.56% of total measurements. With food items that were
available daily, missing measurements were replaced with the mean consumption of the
given food item during the rest of the given study condition. With food items that were
not available every day, missing data led to the removal of the items from the control and
the intervention data of the given weekday. Our main outcome measures are the total
volume of foods consumed (g) during control and intervention divided by the number
of meals sold over each period, and the percentages of these consumption volumes that
heart-foods and non-heart-foods covered. Similar to the food-choice analysis, we report
the consumption results with and without meals composed from the salad bar. For data
management and analysis, we employed Microsoft Excel® 2016 (Redmond, WA, USA).
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2.6.4. Perceived Influences on Food Choices

We employed descriptive qualitative content analysis [65] to identify and code factors
participants perceived to influence their food choices. We employed a coding matrix
that built on the nine dimensions of the Food Choice Questionnaire (FCQ) that assesses
perceived influences on food selection at the individual level [66]. The tool has proved
applicable across cultures and populations [67]. The nine dimensions of the FCQ are: health,
mood, convenience, sensory appeal, natural content, price, weight control, familiarity, and
ethical concern. In addition, we included in our coding matrix the dimension “openness
to experience” from the NEO Personality Inventory (NEO-PI) [68]. This personality trait
predicts willingness to try new foods [69], and has proved to correlate negatively with the
FCQ factor “familiarity” [66]. For data management and analysis, we employed NVivo
R1.6 (QRS International) and Microsoft Excel® 2016 (Redmond, WA, USA).

The first author (E.R.) systematically coded the data according to the coding matrix,
maintaining the freedom to modify category headings to reflect the content of the inter-
view data better. For example, the NEO-PI dimension “openness to experience” evolved
into “variation”. When relevant, new categories were generated following the principles
of inductive qualitative content analysis [65]. The coding was not mutually exclusive,
meaning that individual interview answers could receive several codes. The validity and
reliability of the coding was ensured with a peer-checking method common in qualitative
research [60,61]. The first author reviewed example quotes from the interviews against
suggested coding with the second and the last author (E.J.-R. and L.K.), and the three
authors discussed, refined, and agreed on the coding. We portray identified influences
narratively and report the number of individuals that mentioned each influence during
control, during intervention, and altogether.

2.6.5. Self-Reported Observations and Understanding of the Heart Symbol

Regarding observations of the intervention and understanding of the Heart symbol, we
report the number of participants in the intervention group that identified the intervention,
and the number of participants that were familiar with and correctly understood the
Heart symbol.

3. Results
3.1. Fixations on Heart-Symbol Materials and Foods

The median time that participants spent at the analysed section of serving line stretch
#2 was 40 s (interquartile range [IQR] 37 s, range 17−126 s) in the control condition (n = 17)
and 55 s (IQR 40 s, range 9–220 s) in the intervention condition (n = 17). The difference
between the conditions was not statistically significant (TRNK1 = −0.499, p = 0.622). Within
this time, participants accumulated a median of 103 (IQR 61, range 49–353) fixations during
control and 141 (IQR 81, range 11–517) fixations during intervention (TRNK1 = −0.667,
p = 0.511). Of these fixations, the median proportion that fell on the defined areas of interest
(AoI, Supplementary Tables S1 and S2) before food choices was 34.0% (IQR 25.8%, range
5.7–68.5%) during control and 37.5% (IQR 23.2%, range 5.7–68.1%) during intervention
(TRNK1 = −0.995, p = 0.329) (Figure 6a). These proportions, respectively, covered a median
of 27.9% (IQR 28.2%, range 5.2–69.6%) and 37.8% (IQR 22.4%, range 4.8–69.2%) of the total
duration of analysed fixations (TRNK1 = −1.071, p = 0.294) (Figure 6b). In absolute terms,
before making their food choices, participants gazed at the AoIs for a median of 30 (IQR
36, range 17–89) fixations during control and for 52 (IQR 52, range 6–205) fixations during
intervention (TRNK1 = −1.172, p = 0.252). The median total duration of these fixations was
4.7 s (IQR 6.7 s, range 2.8–17.4 s) during control and 10.0 s (IQR 10.2 s, range 0.8–41.3 s)
during intervention (TRNK1 = −1.294, p = 0.207).
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Figure 6. The distribution of (a) total number and (b) total duration of fixations on areas of interest
(AoI, i.e., Heart-symbol materials, heart-foods, and/or non-heart-foods) as the percentages of total
fixations accumulated at the analysed section of serving line stretch #2. Boxes extend from first
to third quartile, horizontal lines across the boxes represent medians, whisker endpoints indicate
minimum and maximum values, and dots represent outliers.

During the intervention, fixations on Heart-symbol materials covered on average
12.9% (SD 7.5%, range 3.8–27.3%) of the total number and 13.5% (SD 7.4%, range 4.2–27.9%)
of the total duration of fixations on AoIs before food choices at serving line stretch #2
(Table 3). Regarding the percentage of fixations on heart-foods, the mean differences
between intervention and control were not statistically significant for fixation number
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(Tnew1 = 0.387, p = 0.702) or duration (Tnew1 = 0.406, p = 0.688). The same applied to the
number (Tnew1 = −0.706, p = 0.486) and duration (Tnew1 = −0.726, p = 0.474) of fixations on
non-heart-foods.

Table 3. The total number and total duration of fixations on Heart-symbol materials, heart-foods, and
non-heart-foods as the percentages of total fixations on areas of interest before food choices at serving
line stretch #2. Control n = 17, intervention n = 17.

Fixation Target Control Intervention Difference

Mean 1 SD Range Mean 1 SD Range Mean 95% CI p 2

Heart-symbol materials
% n na na na 12.89 7.46 3.77–27.27 na na na

% duration na na na 13.48 7.39 4.18–27.86 na na na

Heart-foods
% n 60.79 23.14 11.76–100 57.81 20.02 16.67–85.00 2.98 −12.88, 18.85 0.702

% duration 60.68 23.53 9.52–100 57.47 20.00 21.74–87.75 3.21 −13.06, 19.49 0.688

Non-heart-foods
% n 41.96 23.38 0.00–88.24 47.60 23.16 12.50–100 −5.63 −22.06, 10.79 0.486

% duration 42.31 23.92 0.00–90.48 48.27 23.47 10.67–100 −5.95 −22.82, 10.92 0.474
1 Percentages do not add up to 100% because the coding of fixations was not mutually exclusive. 2 Partially
overlapping samples t-test “Tnew1” with equal variances assumed [53,55]. p-values < 0.05 are defined as statistically
significant. All reported p-values are two-tailed. na = not applicable because targeted Heart-symbol materials
were in place only during intervention.

3.2. Food Choices

The food-choice analysis considered all food items chosen from serving line stretch #2.
However, the results reflect nearly exclusively participants’ main course and condiment
choices because no participant purchased a dessert and only one participant purchased a
snack to accompany their lunch. Participants chose a median of three (range 1–10) food
items during control (n = 22) and three (range 1–13) items during intervention (n = 19)
with no statistically significant difference between the conditions (TRNK1 = 0.075, p = 0.941)
(Table 4). Of these choices, the median percentage of heart-food items was 33% (range
0–100%) during control and 67% (range 0–100%) during intervention. The change from
control to intervention was not statistically significant (TRNK1 = −1.149, p = 0.261). Vice
versa, the median percentage of non-heart-food items chosen was 67% (range 0–100%)
during control and 33% (range 0–100%) during intervention (TRNK1 = 1.149, p = 0.261). The
results did not change significantly after the exclusion of participants who chose the salad
bar (control: n = 2, intervention: n = 3) (Table 4).

Table 4. The food items chosen at serving line stretch #2. All participants: control n = 22, intervention
n = 19. Without salad-bar choosers: control n = 20, intervention n = 16.

Food Items Chosen Control Intervention Difference

Median IQR Range Median IQR Range p 1

All participants
Total n 3 2 1–10 3 3 1–13 0.941

Heart-foods n 1 3 0–9 1 2 0–13 0.582
Heart-foods % total 33.3 78.8 0–100 66.7 75.0 0–100 0.261
Non-heart-foods n 1 1 0–4 1 2 0–3 0.163

Non-heart-foods % total 66.7 78.8 0–100 33.3 75.0 0–100 0.261

Without salad-bar choosers
Total n 3 3 1–5 3 3 1–4 0.540

Heart-foods n 1 3 0–3 1 2 0–3 0.846
Heart-foods % total 33.3 72.9 0–100 50.0 68.8 0–100 0.366
Non-heart-foods n 1.5 1 0–4 1 1 0–3 0.314

Non-heart-foods % total 66.7 72.9 0–100 50.0 68.8 0–100 0.366
1 Partially overlapping samples “TRNK1” test for non-normally distributed variables with equal variances
assumed [54]. p-values < 0.05 are defined as statistically significant. All reported p-values are two-tailed.
IQR = interquartile range
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3.3. Cafeteria-Level Food Consumption

The cafeteria-level consumption analysis covered food items consumed from serving
line stretch #2, except for snacks and desserts. Hence, similar to the food-choice results,
the consumption results reflect main course and condiment consumption, corresponding
to 556 meals sold during control and 589 meals sold during intervention. The overall
amount of food consumed per sold meal was 15 g smaller during intervention compared to
control (Figure 7a). Yet, between-condition differences in the percentages of heart-foods
and non-heart-foods consumed were negligible. The percentage of heart-foods consumed
was approximately 45% and the percentage of non-heart-foods approximately 55% during
both study conditions (Figure 7b). Excluding the consumption of salad bar items, which
corresponds to 68 (12.2%) meals sold during control and 76 (12.9%) during intervention,
the overall amount of food consumed per sold meal was 24 g smaller during intervention
compared to control (Figure 7c). The proportion of heart-foods consumed reduced from
40% during control to 38% during intervention, and the share of non-heart-foods consumed
increased from 60% to 62% (Figure 7d).
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3.4. Perceived Influences on Food Choices

We identified 17 factors participants perceived to influence their food choices (Table 5).
The most frequently mentioned influence was sensory appeal, followed by healthiness,
familiarity, and particular foods. Participants often reported multiple influences, and the
decisive influence could depend on the choice task. For example, sensory appeal could
determine individual food items chosen, while health considerations guided meal composi-
tion and portion size. We portray the identified influences briefly in a descending order
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according to the total number of individuals that mentioned each influence. Supplementary
Table S3 provides example quotes that reflect each influence.

Table 5. The number (%) of individuals that mentioned each perceived influence on food choices.
Control n = 22, intervention n = 19, total n = 34 1.

Influence Control Intervention Total

Sensory appeal 17 (77) 11 (58) 25 (74)
Healthiness 13 (59) 9 (47) 17 (50)
Familiarity 12 (55) 8 (42) 17 (50)

Particular foods 10 (45) 9 (47) 17 (50)
Variation 6 (27) 5 (26) 11 (32)

Weight control 6 (27) 3 (16) 9 (26)
Menu 8 (36) 1 (5) 9 (26)
Satiety 6 (27) 3 (16) 7 (21)
Mood 4 (18) 4 (21) 7 (21)

Special diet 2 (9) 4 (21) 6 (18)
Food quality 3 (14) 1 (5) 4 (12)
Convenience 2 (2) 2 (11) 4 (12)

Price 1 (5) 2 (11) 3 (9)
Season 2 (9) 1 (5) 3 (9)

Social influence 1 (5) 1 (5) 2 (6)
Natural content 1 (5) 1 (5) 2 (6)
Ethical concern 1 (5) 0 (0) 1 (3)

1 Individuals who participated both during control and during intervention and who mentioned the same
influence on both times are counted in only once.

3.4.1. Sensory Appeal, Healthiness, Familiarity, and Particular Foods

Influences related to sensory appeal encompassed the look, taste, and texture of food.
In addition, sensory appeal covered less-specified preferences that appeared in liking or
disliking, wanting or not wanting, or finding foods tempting or not tempting. For several
participants, sensory appeal was a priority that could outweigh competing influences
such as healthiness. Highlighting the importance of taste, one participant said that if
available foods were not appealing, they would go and eat elsewhere, even if it was more
time-consuming and expensive.

Influences related to healthiness covered general, less-specified preferences for healthy
choices, as well as considerations of meal composition, nutritional content, specific dietary
guidelines, and the Heart symbol. Regarding meal composition, many participants focused
on the proportion of vegetables and/or protein sources on the plate, and mentioned follow-
ing the so-called plate model. In this model, vegetables fill half of the plate, protein-rich
foods a quarter, and carbohydrate-rich foods another quarter. Considerations of nutritional
content focused on protein, micronutrients, or the quality of fat. A few participants were
motivated by national food-based dietary guidelines that recommend eating fish 2–3 times
per week and a handful (i.e., 30 g) of nuts and seeds daily [50]. One participant was
accustomed to use the Heart symbol to support their food choices.

Familiarity appeared in habitualness, in familiar choices that built on earlier expe-
riences, and in preferences for traditional foods. Expressions that reflected habitualness
included “always”, “daily”, “often”, and “usually”. Participants could, for example, “have
a warm meal daily”, “often choose the salad bar”, or favour “foods they usually eat”. Habit-
ualness manifested itself also in principles that guided participants’ choices such as an aim
to include salad in the meal or a routine to choose specific courses whenever they are on
the menu. Habits appeared to influence the choices of the majority of participants, as 95%
of participants in the control condition and 84% in the intervention condition considered
their choices on the participation day typical or somewhat typical of them.

Particular foods or food groups that drove participants’ choices included vegetables,
fish, meat, bread, and soup. A number of participants considered important to include
vegetables in the meal, and some favoured fish courses when they were available. These
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preferences relate to the healthiness- and familiarity-related influences concerning meal
composition, dietary guidelines, and habitualness.

3.4.2. Variation, Weight Control, and Menu

The importance of variation related to a desire to have a wide variety of options to
choose from and a desire to choose diverse foods. A wide variety of salad components in
the salad bar, for example, could prompt a decision to have salad. Seeking variety appeared
also in a desire to choose foods different to those eaten elsewhere, in a curiosity to try new
foods, and in a motivation towards specialties rarely served.

Factors related to weight control differed from factors related to healthiness in a
more pronounced focus on weight management, on lightness, and/or on the conscious
regulation of portion sizes. Participants mentioned balancing their eating with energy
consumption and expressed preferences for options with low energy and/or fat content.
The conscious reflection of portion sizes supported attempts to downsize portions and
served as a means to compensate food choices considered less favourable. For example,
participants could choose hamburgers yet omit potato wedges to keep the meal light and
portion sizes reasonable.

The menu, which was available online, at the cafeteria entrance, and on the serving
line, could determine both the restaurant in which participants chose to have lunch and
the main courses they chose to eat. Participants could make their main course choices
based on the menu without looking at the foods on the serving line. The menu relates to
sensory appeal and familiarity, as participants could consider menu items by imagining
their sensory properties and by recalling earlier experiences on similar foods.

3.4.3. Further Factors

Further factors included considerations of satiety and mood. Prioritising satiety meant
choosing foods that fill the stomach and take away the hunger. Participants could favour
heartier foods, such as sausages or steak if they were very hungry or had a long day ahead.
Relatedly, considerations of mood appeared in a preference for foods that help stay awake
and cope with work commitments and leisure activities. Alternatively, mood could mean
choosing foods based on current “vibes”.

Special dietary requirements, such as gluten free or vegetarian diet guided the choices
of some participants, and a few participants paid attention to food quality such as freshness.
Quality appraisals relate to sensory appeal because judgements of quality often built on
sensory evaluation. Convenience was important for a few participants who preferred foods
that are quick to acquire or eat. A few participants valued affordable prices and prices
to quality ratio. For some, the season influenced food choices, as New Year’s resolutions
motivated increased vegetable consumption, and cold weather prompted to choose warm
foods. Social influences worked through the recommendations of the cafeteria staff or the
experiences of other customers. Natural content reflected preferences for less processed
foods, and ethical concerns focused on food origin.

3.5. Self-Reported Observations and Understanding of the Heart Symbol

During the intervention, two participants (11%) reported that they noticed changes in
the cafeteria and correctly specified the changes as the point-of-choice Heart symbols. Both
participants considered the symbols a positive add, and one of them said that the symbols
influenced their choices. This person was used to paying attention to and consulting
Heart symbols when choosing foods. Three additional participants (16%) remembered
that they noticed the symbols after the interviewer showed them the symbol and asked
whether it was familiar. No participant mentioned having noticed the priming posters or
changes in the placement of foods. Nearly all participants (n = 17 [89%]) were familiar
with the Heart symbol, and all participants understood the label to indicate healthier or
nutritionally beneficial foods. Participants associated the label with healthy, heart-friendly,
lighter, and/or nutritionally wiser foods with better salt and/or fat profile.
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4. Discussion

This study used a unique mixed-methods approach to examine the effects of a
multi-strategy choice-architectural intervention in a workplace cafeteria, and developed a
method to analyse eye-tracking data collected in a natural choice setting. Three interven-
tion strategies—priming posters, point-of-choice nutrition labels, and enhanced product
placement—proved capable of capturing customers’ visual attention to the posters and
labels but had no significant effects on visual attention to foods, on food choices, or on food
consumption. Although health considerations influenced the food choices of a substantial
proportion of participants, health-related motives were challenged by numerous competing
priorities—particularly sensory appeal and familiarity.

4.1. Fixations on Heart-Symbol Materials and Foods

While few participants recalled having noticed the Heart-symbol materials, our eye-
tracking data indicated that before making their food choices all participants gazed the
materials at least once. Fixations that swept Heart-symbol materials covered on average
13% of fixations that targeted defined areas of interest before food choices. These findings
suggest that the materials were sufficiently prominent to catch the eye and support evidence
according to which prominent display, larger size, and distinctive colours enhance the
noticing of nutrition labels [42,45,70]. In addition, our findings align with the conception
that self-reports may yield inaccurate estimates of visual attention [21,30,37], and that eye
tracking yields more accurate estimations of visual experience [22].

Gazing the Heart-symbol materials, however, does not mean that participants con-
sciously paid attention to the materials or internalised their message [21,33], which assum-
ingly leads to stronger effects on behaviour [30]. While fixations give a good estimation of
visual attention and cognitive processing in some situations, we acknowledge that this may
not always be the case because the direction of gaze may dissociate from the focus of atten-
tion [38], and because exposures to visual cues may occur by sheer accident [21,30]. This
means that participants may have looked at the Heart-symbol materials while thinking of
something else. To influence behaviour, exposure to nutrition labels must be accompanied
with the perception and understanding of the label information [30].

In the case of the Heart symbol, however, the message is very simple, and accord-
ing to our interviews, all participants understood the symbol more or less correctly. The
symbol’s simple graphical layout also enables grasping the message quickly at a glance,
particularly if the symbol is familiar, which was the case for nearly all participants. Accord-
ing to research on nutrition labels, simple graphic presentations and summary indicators
are cognitively quicker and easier to process compared to numerical information and
multidimensional label formats that consist of more than one piece of nutritional informa-
tion [37,43,71–73]. Since familiarisation tends to reduce visual attention and response time
to visual cues [35,36,74], and since visual cues can be perceived with the peripheral vision
as well [38,47], our participants were likely able to perceive the Heart symbols quickly, even
without looking at them directly. Hence, lack of understanding of the symbol is an unlikely
explanation to the ineffectiveness of the intervention. A more presumable reason is that
the message the symbol conveys was personally not relevant enough for the participants
to overrule other simultaneous drivers of food choice [75], and that they chose to ignore
the symbols [21]. This interpretation aligns with the finding that while many understand
nutrition information, fewer actually use it, likely due to lack of motivation [76]. Con-
sumers may consider, for example, that the Heart symbol is more relevant for individuals
with or at risk of cardiovascular diseases, or that heart-foods are less tasty compared to
non-heart-foods—a conception that may coexist with health consciousness [77].

4.2. Food Choices and Consumption

Our results mirror the findings of some point-of-choice labelling interventions that
encouraged healthier food choices in workplace and university cafeterias with symbol-type
nutrition labels and supporting communications material [26,27,29]. The Choices nutrition
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logo had negligible effects on the sales of fruit, healthier sandwiches, and soups in two
workplace cafeterias [29], and a star-rating intervention proved ineffective in improving
meal choices and nutrient intake in a university cafeteria [26]. Similarly, a lightning bolt
symbol accompanied with calorie, fat, and cholesterol information had no effect on the
sales of low-fat main courses in a military dining facility [27].

On the other hand, a communications campaign that was tailored to customers’ mo-
tivations was able to increase moderately healthy food choices and the total number of
meal components chosen per participant in a military dining facility [25]. This intervention
employed point-of-choice labels, posters, and floor stickers with slogans, such as “GO
LEAN” and “GO FRESH” that reflected the military personnel’s desire to eat well to sup-
port performance. Complementing the intervention with a placement strategy that moved
healthy options to more prominent and convenient places further improved the results [25].
Similarly, another intervention with point-of-choice nutrition labels, related communi-
cations material, and enhanced placement succeeded in increasing the sales of healthier
items and in decreasing the sales of less healthy items in a hospital cafeteria [18]. In this
study, the health-focused context may have supported intervention effectiveness, since
hospital staff and patients might be particularly responsive to messages that encourage
healthy eating. In summary, these findings suggest that a tailored approach is advisable in
choice-architectural interventions. The conclusion receives support also from other recent
studies [78,79].

The ineffectiveness of our placement intervention may be due to relatively minor
changes in the order and physical distance of healthier options. Despite the rearrangement,
all food items that our analyses covered remained fairly effortless to access and stayed
on participant’s route to the cash desk. Although a field study in a university cafeteria
found as small reductions in distance as 25 cm to result in 9–13% greater consumption of
salads [20], the overall impact of placement strategies appears dependent on the magnitude
of manipulation [14]. With minor manipulations that cause trivial changes in convenience
and accessibility, effects on food choices may remain negligible [13]. For example, placement
on the top versus bottom shelf of an 89 cm high display at the checkout counter had no
effect on snack sales in a hospital canteen [28]. On the contrary, the selection of targeted
foods increased significantly in a military dining facility along with changes to cafeteria
layout that brought healthy options on more prominent and convenient places [25].

4.3. Perceived Influences on Food Choices

Our results regarding perceived influences on food choices demonstrate the multitude
of factors individuals consider when choosing foods. Sensory appeal and healthiness seem
to drive people’s food choices across cultures and populations [27,67,78,80]. The importance
of familiarity, in turn, was likely pronounced because the cafeteria was a habitual food
choice context for the majority of our participants, and because we grouped factors that
reflected habitual choices to the familiarity domain.

Regarding behaviour change interventions, habitual environments have advantages
and disadvantages. While consistent contexts and recurring behaviours provide fruitful
elements for forming new habits, they can also strengthen already established habits
and make them more resistant to change regardless of motivation and intentions [81,82].
Similar to many choice-architectural interventions, habits work through automatic, often
unconscious and uncontrollable cognitive processes that mediate the effects of contextual
cues on behaviour [10]. The shared working mechanism has raised a question about
the capability of choice-architectural interventions to override habitual food choices [78].
Emerging evidence suggests that habits may indeed create barriers to the effectiveness of
choice-architectural interventions [79]. This issue might concern particularly cognitively
oriented interventions such as nutrition labels, as they require visual attention and aim
to influence what people know [9]. Consumers have reported greater interest in nutrition
labels and greater likelihood of using the labels when they buy products for the first time
and when their need for nutrition information is higher [22,30]. On the contrary, the effects
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of interventions that influence behaviour more directly, even without noticing, might be
more immune to established routines. Such behaviourally oriented interventions include,
for example, default options and alterations to portion or tableware size [9].

Closely related to habits, many of our participants expressed detailed preferences or
principles that guided their food choices. According to a recent review, people with strong
preferences may be least susceptible to the effects of choice-architectural interventions [31].
Similarly, priming literature suggests that the effects of health-related primes on healthy
choices could be dependent on the liking of targeted foods [15]. Supporting these claims,
a field study found the use of nutrition labels more likely among individuals who are
open to change and less bound to familiar meal choices [26]. These findings suggest that
efforts to enhance the nutrition of individuals with strong preferences should employ
strategies that target their preferred foods, for example, with gradual improvements to
nutrient composition.

While evidence suggests that health primes and nutrition labels work for people with
healthy preferences and intentions to eat healthy food [15,17,26,29,42], our results indicate
that people may ignore such health-related cues despite health motivations. Potential
explanations are many. First, people may consider foods served in workplace cafeterias
generally healthy. This conception might reduce the need to seek for additional nutritional
information [30]. Compared to meals in fast-food and full-service restaurants, meals in
workplace cafeterias have proven to contain less energy [83]. Relatedly, eating in workplace
cafeterias has been associated with healthier dietary habits [84–86]. Second, for many
participants of our study, health-related motives did not focus on individual foods but
rather targeted meal composition or remained less-specified higher-level goals. In addition,
for several of our participants, healthiness appeared a relatively less important factor
compared to sensory appeal. Prior research suggests that compared to specific health
goals such as an attempt to reduce salt intake, general health goals may be too vague
to trigger healthier food choices, particularly when challenged with competing motives
such as taste [72,77] or hedonism [32]. A third remark relates to compensation. Our
interviews indicated that participants could compensate the selection of less healthy food
items by including or omitting other meal components or by regulating portion sizes.
Such compensatory behaviours illustrate how the making of healthy choices can take
various forms.

4.4. Strengths and Limitations

The strengths of this study included the real-world setting that guaranteed high
external validity of study outcomes, the mixed-methods approach that drew a rich, multidi-
mensional view of the studied phenomenon, and the study design that involved a control
condition. Moreover, we demonstrated that eye tracking is a feasible data collection method
in a natural cafeteria setting, and developed a method for analysing eye-tracking data col-
lected in this context. This method enabled us to verify that the intervention was prominent
enough to catch the eye, and allowed a systematic and rigorous tracking of intervention
effects on visual attention and food choices. Eye-tracking outcomes were complemented
by food-consumption data that provided objective evidence on the volume of foods con-
sumed at the cafeteria level. Interviews, in turn, increased our understanding of the study
population and supported the interpretation of eye-tracking and consumption results.
The adopted mixed-methods design serves as an example of ways to combine objective,
technology-driven data with self-reports to obtain more accurate, reliable, and meaningful
outcomes than would be possible with any of the methods alone [87]. Additionally, the
design answers a call for studies that examine the effects of nutrition labels on visual
attention and food choices in real-world settings, considering person- and context-related
factors [42].

The main limitation of this study is its small size. The small sample might lack
statistical power to demonstrate significant effects even if they existed, particularly if
true effect sizes are small and inter-individual dispersions large. For a larger sample, we
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would have needed a cafeteria with a larger customer base or several smaller cafeterias,
longer data-collection period, and/or multiple eye-tracking glasses. Our study cafeteria
served approximately 150 customers per day, but a substantial proportion of the clientele
were regular visitors that ate in the cafeteria several times per week; thus, limiting the
number of individuals that were eligible to participate during each study condition. During
both control and intervention, recruiting new participants proved increasingly challenging
towards the end of the week because customers keen to participate had already taken part,
and customers unwilling to participate remained uninterested. In addition, most customers
visited the cafeteria during a one-hour window from 11 a.m. to 12 p.m. With one pair of
eye-tracking glasses, we could have only one participant at a time and were hence unable
to make use of the peak hours. Including several cafeterias or extending the data collection
period were not feasible, however, due to labour-intensive data-collection and -analysis
methods. Resource issues are characteristic to mixed-methods studies that produce large
volumes of data [48] and to studies that collect technology-driven data that need manual
data-handling processes [46,87].

Another limitation of this study is its short duration, which may have influenced
our findings because repeated exposures to nutrition labels are expected to enhance their
noticing, understanding, and impact [70]. However, the label we used was familiar and
understood, and the eye-tracking data demonstrated that the labels were seen. We thus
doubt that a longer intervention would have substantially changed the results.

The study population in this study represented predominantly working population
who valued food healthiness. Considering the location of the cafeteria in an office building,
we assume that the majority of participants were office workers, who additionally may
have represented a relatively highly educated and healthy-eating share of the workforce.
In Finland, workers with higher education more commonly use workplace cafeterias
compared to workers with lower education [4], and the use of workplace cafeterias is
associated with healthier dietary habits [84–86]. The study cafeteria, in turn, likely had an
offering with a relatively high nutritional quality—compared to full-service and fast-food
restaurants at least [83]. Our results may not generalise to other occupational groups with
different food choice motives or to other types of restaurants with diverse food offering.

When interpreting the outcomes of this study, a few methodological matters warrant
consideration. Regarding eye tracking, we encourage keeping in mind that eye trackers
are not mind-reading machines but produce approximate estimates of visual attention and
cognitive processing. In a real-world setting, factors that can influence visual attention
are myriad. For example, a queue at the serving line may have forced participants to
kill time by viewing available foods, even without any intention to choose them. On the
other hand, due to the reflexive tendency of eyes to follow sensed motion, participants’
gazes may have been drawn to foods that other customers were portioning, regardless
of participants’ interest in these foods. Another remark relates to the accuracy of the eye-
tracking measurement. In mobile eye tracking, the distance between participants and gazed
objects varies and often differs from the distance used in calibration. This may compromise
calibration accuracy and reduce the reliability of results [33]. A further consideration
pertains to the proneness of manual data handling to researcher-originated errors [46]. In
the present study, this issue concerns all collected data. Despite repeated and careful checks
at all phases, the risk of random errors is evident due to the substantial manual work
that our data collection, management, and analysis required. This uncertainty, however,
concerns control and intervention data equally.

4.5. Recommendations

While nutrition labels typically receive support from the public [11,22,27,30,37,71] and
in principle allow consumers to make informed healthy choices, we should not expect them
to automatically trigger healthier eating. The labels and the nutritional criteria they build
upon might be greater incentives for food manufacturers to improve the nutritional quality
of food products [12,17], particularly when label use is mandatory. Similarly, labelling
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schemes could serve as standards for public food procurement. To increase healthier food
choices, we recommend combining measures that ease the recognition and enhance the
visibility of recommended options with measures that are less reliant on the provision of
information and reflective cognitive processing, since such measures tend to yield greater
effects [9]. Acknowledging the decisive influence that sensory appeal and habits have
on food choices, efforts appear advisable that improve the nutritional profile of foods
consumers prefer and that increase the attractiveness of foods with high nutritional quality.
Regarding placement interventions, we encourage measures that substantially reduce the
physical effort that healthy choices require. Additionally, in line with prior literature [79,88],
we recommend future research to design interventions in collaboration with cafeteria staff,
management, and clientele. Such approach facilitates the identification of factors that drive
target groups’ food choices and the development of feasible interventions that tap into
these factors. For multi-dimensional, more complete and meaningful effects evaluations of
choice-architectural interventions, we recommend mixed-methods designs that combine
objective and subjective measurements. Interventions that work through eyesight could
benefit from eye-tracking measurements because they enable detecting the capabilities
of interventions to capture visual attention, and allow monitoring food choices more
accurately and reliably than self-reports or cashier data do. Future studies could follow
the procedure developed in the current study to confirm our findings in different types of
restaurants with diverse populations. To ensure larger study samples, researchers should
strive for recruiting restaurants with large customer bases.

5. Conclusions

This study employed a mixed-methods approach and evaluated the effects of a real-
world choice-architecture intervention that promoted nutritionally beneficial foods in a
workplace cafeteria with priming posters, point-of-choice nutrition labels, and enhanced
product placement. Additionally, the study developed a method for analysing eye-tracking
data collected in a natural choice setting. The intervention proved capable of capturing
visual attention to the posters and labels, yet ineffective in increasing healthier food choices
or consumption among working-age consumers who prioritised sensory appeal and had
established food-choice routines. While it is important to provide people with nutrition
information in a quick-to-read and easy-to-grasp form, researchers, policy-makers, and
practitioners should acknowledge the limited impact such information has on people’s
food choices. To boost the effectiveness of health messages and visibility enhancements,
we recommend complementing interventions with components that (1) address the de-
terminants of target populations’ food choices, (2) enhance the sensory attractiveness of
nutritionally favourable options, and (3) improve the nutritional quality of popular foods.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu14183731/s1, Table S1: Objects of interest on serving line
stretches #1–2; Table S2: Definitions for the areas of interest (AoI) of the objects of interest on
serving line stretches #1–2; Table S3: Perceived influences on food choices with example quotes from
interview data.

Author Contributions: Conceptualization and methodology, E.R., E.J.-R., K.P. (Kati Pettersson), J.L.,
P.V., J.N., J.P., K.P. (Kaisa Poutanen), P.A. and L.K.; investigation, E.R. and E.J.-R.; data curation,
E.R. and E.J.-R.; formal analysis, E.R., E.J.-R., K.P. (Kati Pettersson), J.L., J.N., P.A. and L.K; writing—
original draft preparation, E.R.; writing—review and editing, E.R., E.J.-R., K.P. (Kati Pettersson), J.L.,
P.V., J.N., J.P., K.P. (Kaisa Poutanen), P.A. and L.K.; visualization, E.R.; funding acquisition, E.R., J.P.,
K.P. (Kaisa Poutanen), P.A. and L.K.; supervision, J.P., K.P. (Kaisa Poutanen), P.A. and L.K.; project
administration, K.P. (Kaisa Poutanen); principal investigator of the StopDia consortium, J.P. All
authors have read and agreed to the published version of the manuscript.

https://www.mdpi.com/article/10.3390/nu14183731/s1
https://www.mdpi.com/article/10.3390/nu14183731/s1


Nutrients 2022, 14, 3731 23 of 26

Funding: This research was funded as part of the StopDia study by the Strategic Research Council of
the Academy of Finland (grant number: 303537). The first author (E.R.) has also received personal
funding from The Finnish Food Research Foundation, Juho Vainio Foundation (grant number:
202100138), and Yrjö Jahnsson Foundation (grant number: 20207314). The article processing charge
(APC) was funded by VTT Technical Research Centre of Finland and University of Eastern Finland.
The funders had no role in the design of the study; in the collection, analysis, or interpretation of data;
in the writing of the manuscript, or in the decision to submit the manuscript for publication.

Institutional Review Board Statement: The study was conducted according to the Responsible
Conduct of Research by the Finnish Advisory Board on Research Integrity as a part of the StopDia
study, which was approved by the Research Ethics Committee of the Hospital District of Northern
Savo (statement number: 467/2016, date of approval: 3 January 2017).

Informed Consent Statement: Not applicable. No identifiable data was collected from study partici-
pants. Volunteer participants gave their verbal consent for participation.

Data Availability Statement: The data presented in this study, including quantitative data and qualitative
Finnish language data, will be made available on a reasonable request from the corresponding author.

Acknowledgments: We gratefully acknowledge Tapio Leppänen, VTT Technical Research Centre of
Finland, for technical assistance in data collection and management; Marjaana Lahti-Koski and Mari
Olli, Finnish Heart Association, for supporting the use of the Heart symbol in the intervention; and
Meri Kohonen, Sara Juuti, and Noora Järvinen, University of Eastern Finland, for contribution to
intervention implementation and data collection.

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

References
1. Thaler, R.H.; Sunstein, C.R. Nudge: Improving Decisions about Health, Wealth, and Happiness; Penguin Books: London, UK, 2009;

pp. 1–4. ISBN 9780300122237.
2. Hansen, P.G. The Definition of Nudge and Libertarian Paternalism: Does the Hand Fit the Glove? Eur. J. Risk Regul. 2016,

7, 155–174. [CrossRef]
3. Ensaff, H. A Nudge in the Right Direction: The Role of Food Choice Architecture in Changing Populations’ Diets. Proc. Nutr. Soc.

2021, 80, 195–206. [CrossRef] [PubMed]
4. Valsta, L.; Kaartinen, N.; Tapanainen, H.; Männistö, S.; Sääksjärvi, K. Ravitsemus Suomessa—FinRavinto 2017—Tutkimus. Nutrition

in Finland—The National FinDiet 2017 Survey; Report 12/2018; National Institute for Health and Welfare: Helsinki, Finland, 2018;
ISBN 978-952-343-238-3.

5. Thorndike, A.N.; Gelsomin, E.D.; McCurley, J.L.; Levy, D.E. Calories Purchased by Hospital Employees after Implementation of a
Cafeteria Traffic Light-Labeling and Choice Architecture Program. JAMA Netw Open 2019, 2, e196789. [CrossRef] [PubMed]

6. Naicker, A.; Shrestha, A.; Joshi, C.; Willett, W.; Spiegelman, D. Workplace Cafeteria and Other Multicomponent Interventions to
Promote Healthy Eating among Adults: A Systematic Review. Prev. Med. Rep. 2021, 22, 101333. [CrossRef]

7. OECD/EU. Health at a Glance: Europe 2016—State of Health in the EU Cycle; OECD Publishings: Paris, France, 2016; ISBN
9789264265585.

8. Krekel, C.; Ward, G.; de Neve, J.-E. Employee Wellbeing, Productivity, and Firm Performance; Saïd Business School WP; Oxford
University: Oxford, UK, 2019. [CrossRef]

9. Cadario, R.; Chandon, P. Which Healthy Eating Nudges Work Best? A Meta-Analysis of Field Experiments. Mark. Sci. 2020,
39, 465–486. [CrossRef]

10. Papies, E.K. Health Goal Priming as a Situated Intervention Tool: How to Benefit from Nonconscious Motivational Routes to
Health Behaviour. Health Psychol. Rev. 2016, 10, 408–424. [CrossRef]

11. Lobstein, T.; Neveux, M.; Landon, J. Costs, Equity and Acceptability of Three Policies to Prevent Obesity: A Narrative Review to
Support Policy Development. Obes. Sci. Pr. 2020, 6, 562–583. [CrossRef]

12. Shangguan, S.; Afshin, A.; Shulkin, M.; Ma, W.; Marsden, D.; Smith, J.; Saheb-Kashaf, M.; Shi, P.; Micha, R.; Imamura, F.; et al. A
Meta-Analysis of Food Labeling Effects on Consumer Diet Behaviors and Industry Practices. Am. J. Prev. Med. 2019, 56, 300–314.
[CrossRef]

13. Bucher, T.; Collins, C.; Rollo, M.E.; McCaffrey, T.A.; de Vlieger, N.; van der Bend, D.; Truby, H.; Perez-Cueto, F.J.A. Nudging
Consumers towards Healthier Choices: A Systematic Review of Positional Influences on Food Choice. Br. J. Nutr. 2016,
115, 2252–2263. [CrossRef]

14. Hollands, G.J.; Carter, P.; Shemilt, I.; Marteau, T.M.; Jebb, S.A.; Higgins, J.; Ogilvie, D. Altering the Availability or Proximity of
Food, Alcohol and Tobacco Products to Change Their Selection and Consumption. Cochrane Database Syst. Rev. 2019, 9, CD012573.
[CrossRef]

http://doi.org/10.1017/S1867299X00005468
http://doi.org/10.1017/S0029665120007983
http://www.ncbi.nlm.nih.gov/pubmed/33446288
http://doi.org/10.1001/jamanetworkopen.2019.6789
http://www.ncbi.nlm.nih.gov/pubmed/31290988
http://doi.org/10.1016/j.pmedr.2021.101333
http://doi.org/10.2139/ssrn.3356581
http://doi.org/10.1287/mksc.2018.1128
http://doi.org/10.1080/17437199.2016.1183506
http://doi.org/10.1002/osp4.423
http://doi.org/10.1016/j.amepre.2018.09.024
http://doi.org/10.1017/S0007114516001653
http://doi.org/10.1002/14651858.CD012573


Nutrients 2022, 14, 3731 24 of 26

15. van der Laan, L.N.; Papies, E.K.; Hooge, I.T.C.; Smeets, P.A.M. Goal-Directed Visual Attention Drives Health Goal Priming: An
Eye-Tracking Experiment. Health Psychol. 2017, 36, 82–90. [CrossRef] [PubMed]

16. Bauer, J.M.; Reisch, L.A. Behavioural Insights and (Un)Healthy Dietary Choices: A Review of Current Evidence. J. Poet. Ther.
2019, 42, 3–45. [CrossRef]

17. Hawkes, C.; Smith, T.G.; Jewell, J.; Wardle, J.; Hammond, R.A.; Friel, S.; Thow, A.M.; Kain, J. Smart Food Policies for Obesity
Prevention. Lancet 2015, 385, 2410–2421. [CrossRef]

18. Thorndike, A.N.; Sonnenberg, L.; Riis, J.; Barraclough, S.; Levy, D.E. A 2-Phase Labeling and Choice Architecture Intervention to
Improve Healthy Food and Beverage Choices. Am. J. Public Health 2012, 102, 527–533. [CrossRef]

19. Kongsbak, I.; Skov, L.R.; Nielsen, B.K.; Ahlmann, F.K.; Schaldemose, H.; Atkinson, L.; Wichmann, M.; Pérez-Cueto, F.J.A.
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, 183–188. [CrossRef]

20. Rozin, P.; Scott, S.; Dingley, M.; Urbanek, J.K.; Jiang, H.; Kaltenbach, M. Nudge to Nobesity I: Minor Changes in Accessibility
Decrease Food Intake. Judgm. Decis. Mak. 2011, 6, 323–332.

21. van Trijp, H.C.M. Consumer Understanding and Nutritional Communication: Key Issues in the Context of the New EU Legislation.
Eur. J. Nutr. 2009, 48, 41–48. [CrossRef] [PubMed]

22. Bartels, M.; Tillack, K.; Jordan Lin, C.-T. Communicating Nutrition Information at the Point of Purchase: An Eye-Tracking Study
of Shoppers at Two Grocery Stores in the United States. Int. J. Consum. Stud. 2018, 42, 557–565. [CrossRef]

23. Strack, F.; Deutsch, R. Reflective and Impulsive Determinants of Social Behavior. Personal. Soc. Psychol. Rev. 2004, 8, 220–247.
[CrossRef]

24. Hofmann, W.; Friese, M.; Wiers, R.W. Impulsive versus Reflective Influences on Health Behavior: A Theoretical Framework and
Empirical Review. Health Psychol. Rev. 2008, 2, 111–137. [CrossRef]

25. Carins, J.E.; Rundle-Thiele, S.R.; Parkinson, J.E. Delivering Healthy Food Choice: A Dual-Process Model Enquiry. Soc. Mar. Q
2017, 23, 266–283. [CrossRef]

26. Hoefkens, C.; Lachat, C.; Kolsteren, P.; van Camp, J.; Verbeke, W. Posting Point-Of-Purchase Nutrition Information in University
Canteens Does Not Influence Meal Choice and Nutrient Intake. Am. J. Clin. Nutr. 2011, 94, 562–570. [CrossRef] [PubMed]

27. Sproul, A.D.; Canter, D.D.; Schmidt, J.B. Does Point-Of-Purchase Nutrition Labeling Influence Meal Selections? A Test in an Army
Cafeteria. Mil. Med. 2003, 168, 556–560. [CrossRef]

28. van Kleef, E.; Otten, K.; van Trijp, H.C.M. Healthy Snacks at the Checkout Counter: A Lab and Field Study on the Impact of Shelf
Arrangement and Assortment Structure on Consumer Choices. BMC Public Health 2012, 12, 1072–1082. [CrossRef] [PubMed]

29. Vyth, E.L.; Steenhuis, I.H.M.; Heymans, M.W.; Roodenburg, A.J.C.; Brug, J.; Seidell, J.C. Influence of Placement of a Nutrition
Logo on Cafeteria Menu Items on Lunchtime Food Choices at Dutch Work Sites. J. Am. Diet. Assoc. 2011, 111, 131–136. [CrossRef]

30. Grunert, K.G.; Wills, J.M. A Review of European Research on Consumer Response to Nutrition Information on Food Labels. J.
Public Health 2007, 15, 385–399. [CrossRef]

31. de Ridder, D.; Kroese, F.; van Gestel, L. Nudgeability: Mapping Conditions of Susceptibility to Nudge Influence. Perspect. Psychol.
Sci. 2022, 17, 346–359. [CrossRef]

32. Sanjari, S.S.; Jahn, S.; Boztug, Y. Dual-Process Theory and Consumer Response to Front-Of-Package Nutrition Label Formats.
Nutr. Rev. 2017, 75, 871–882. [CrossRef]

33. Pérez-Edgar, K.; MacNeill, L.A.; Fu, X. Navigating Through the Experienced Environment: Insights From Mobile Eye Tracking.
Curr. Dir. Psychol. Sci. 2020, 29, 286–292. [CrossRef]

34. Grondin, S. Psychology of Perception; Springer International Publishing: Cham, Switzerland, 2016; p. 124. ISBN 978-3-319-31789-2.
35. Bialkova, S.; van Trijp, H.C.M. An Efficient Methodology for Assessing Attention to and Effect of Nutrition Information Displayed

Front-Of-Pack. Food Qual. Prefer. 2011, 22, 592–601. [CrossRef]
36. Gidlöf, K.; Anikin, A.; Lingonblad, M.; Wallin, A. Looking Is Buying. How Visual Attention and Choice Are Affected by Consumer

Preferences and Properties of the Supermarket Shelf. Appetite 2017, 116, 29–38. [CrossRef] [PubMed]
37. Storcksdieck Genannt Bonsmann, S.; Marandola, G.; Ciriolo, E.; van Bavel, R.; Wollgast, J. Front-Of-Pack Nutrition Labelling

Schemes: A Comprehensive Review; EUR 29811 EN; Publications Office of the European Union: Luxembourg, 2020. [CrossRef]
38. Duchowski, A.T. Eye Tracking Methodology, 3rd ed.; Springer International Publishing: Cham, Switzerland, 2017; pp. 11–13, 141,

175. ISBN 978-3-319-57881-1.
39. Rayner, K. Eye Movements in Reading and Information Processing: 20 Years of Research. Psychol. Bull. 1998, 124, 372–422.

[CrossRef] [PubMed]
40. Leigh, R.J.; Zee, D.S. A Survey of Eye Movements: Characteristics and Teleology. In The Neurology of Eye Movements; Leigh, R.J.,

Zee, D.S., Eds.; Oxford University Press: New York, NY, USA, 1999; pp. 3–18.
41. McCamy, M.B.; Macknik, S.L.; Martinez-Conde, S. Natural Eye Movements and Vision. In The New Visual Neurosciences; Werner,

J.S., Chalupa, L.M., Eds.; The MIT Press: Cambridge, MA, USA, 2014; pp. 849–863.
42. Ma, G.; Zhuang, X. Nutrition Label Processing in the Past 10 Years: Contributions from Eye Tracking Approach. Appetite 2021,

156, 104859. [CrossRef] [PubMed]
43. Bialkova, S.; Grunert, K.G.; Juhl, H.J.; Wasowicz-Kirylo, G.; Stysko-Kunkowska, M.; van Trijp, H.C.M. Attention Mediates the

Effect of Nutrition Label Information on Consumers’ Choice: Evidence from a Choice Experiment Involving Eye-Tracking.
Appetite 2014, 76, 66–75. [CrossRef]

http://doi.org/10.1037/hea0000410
http://www.ncbi.nlm.nih.gov/pubmed/27631308
http://doi.org/10.1007/s10603-018-9387-y
http://doi.org/10.1016/S0140-6736(14)61745-1
http://doi.org/10.2105/AJPH.2011.300391
http://doi.org/10.1016/j.foodqual.2015.12.006
http://doi.org/10.1007/s00394-009-0075-1
http://www.ncbi.nlm.nih.gov/pubmed/19937441
http://doi.org/10.1111/ijcs.12474
http://doi.org/10.1207/s15327957pspr0803_1
http://doi.org/10.1080/17437190802617668
http://doi.org/10.1177/1524500417709767
http://doi.org/10.3945/ajcn.111.013417
http://www.ncbi.nlm.nih.gov/pubmed/21677060
http://doi.org/10.1093/milmed/168.7.556
http://doi.org/10.1186/1471-2458-12-1072
http://www.ncbi.nlm.nih.gov/pubmed/23231863
http://doi.org/10.1016/j.jada.2010.10.003
http://doi.org/10.1007/s10389-007-0101-9
http://doi.org/10.1177/1745691621995183
http://doi.org/10.1093/nutrit/nux043
http://doi.org/10.1177/0963721420915880
http://doi.org/10.1016/j.foodqual.2011.03.010
http://doi.org/10.1016/j.appet.2017.04.020
http://www.ncbi.nlm.nih.gov/pubmed/28433775
http://doi.org/10.2760/436998
http://doi.org/10.1037/0033-2909.124.3.372
http://www.ncbi.nlm.nih.gov/pubmed/9849112
http://doi.org/10.1016/j.appet.2020.104859
http://www.ncbi.nlm.nih.gov/pubmed/32916209
http://doi.org/10.1016/j.appet.2013.11.021


Nutrients 2022, 14, 3731 25 of 26

44. Bialkova, S.; Grunert, K.G.; van Trijp, H. From Desktop to Supermarket Shelf: Eye-Tracking Exploration on Consumer Attention
and Choice. Food Qual. Prefer. 2020, 81, 103839. [CrossRef]

45. Peschel, A.O.; Orquin, J.L.; Mueller Loose, S. Increasing Consumers’ Attention Capture and Food Choice through Bottom-Up
Effects. Appetite 2019, 132, 1–7. [CrossRef] [PubMed]

46. Puurtinen, M.; Hoppu, U.; Puputti, S.; Mattila, S.; Sandell, M. Investigating Visual Attention toward Foods in a Salad Buffet with
Mobile Eye Tracking. Food Qual. Prefer. 2021, 93, 104290. [CrossRef]

47. Fenko, A.; Nicolaas, I.; Galetzka, M. Does Attention to Health Labels Predict a Healthy Food Choice? An Eye-Tracking Study.
Food Qual. Prefer. 2018, 69, 57–65. [CrossRef]

48. Halcomb, E.J. Mixed Methods Research: The Issues beyond Combining Methods. J. Adv. Nurs. 2019, 75, 499–501. [CrossRef]
49. Pihlajamäki, J.; Männikkö, R.; Tilles-Tirkkonen, T.; Karhunen, L.; Kolehmainen, M.; Schwab, U.; Lintu, N.; Paananen, J.; Järvenpää,

R.; Harjumaa, M.; et al. Digitally Supported Program for Type 2 Diabetes Risk Identification and Risk Reduction in Real-World
Setting: Protocol for the StopDia Model and Randomized Controlled Trial. BMC Public Health 2019, 19, 255. [CrossRef]

50. The National Nutrition Council of Finland. The Finnish Nutrition Recommendations 2014, 4th ed.; The National Nutrition Council
of Finland: Helsinki, Finland, 2014; ISBN 978-952-453-801-5.

51. Lahti-Koski, M.; Helakorpi, S.; Olli, M.; Vartiainen, E.; Puska, P. Awareness and Use of the Heart Symbol by Finnish Consumers.
Public Health Nutr. 2012, 15, 476–482. [CrossRef] [PubMed]

52. Derrick, B.; Dobson-Mckittrick, A.; Toher, D.; White, P. Test Statistics for Comparing Two Proportions with Partially Overlapping
Samples. J. Appl. Quant. Methods 2015, 10, 1–14.

53. Derrick, B.; Toher, D.; White, P. How to Compare the Means of Two Samples That Include Paired Observations and Independent
Observations: A Companion to Derrick, Russ, Toher and White (2017). Quant. Method Psychol. 2017, 13, 120–126. [CrossRef]

54. Derrick, B.; White, P.; Toher, D. Parametric and Non-Parametric Tests for the Comparison of Two Samples Which Both Include
Paired and Unpaired Observations. J. Mod. Appl. Stat. Methods 2020, 18, 2–23. [CrossRef]

55. Derrick, B.; Russ, B.; Toher, D.; White, P. Test Statistics for the Comparison of Means for Two Samples That Include Both Paired
and Independent Observations. J. Mod. Appl. Stat. Methods 2017, 16, 137–157. [CrossRef]

56. Durlak, J.A.; DuPre, E.P. Implementation Matters: A Review of Research on the Influence of Implementation on Program
Outcomes and the Factors Affecting Implementation. Am. J. Community Psychol. 2008, 41, 327–350. [CrossRef]

57. SensoMotoric Instruments GmbH. IViewETG User Guide: Version 2.7.1; SensoMotoric Instruments GmbH: Teltow/Berlin, Germany,
2016.

58. SensoMotoric Instruments GmbH. BeGaze Manual: Version 3.4; SensoMotoric Instruments GmbH: Teltow, Germany, 2014.
59. Salvucci, D.D.; Goldberg, J.H. Identifying Fixations and Saccades in Eye-Tracking Protocols. In Proceedings of the 2000 Symposium

on Eye Tracking Research & Applications (ETRA ’00), New York, NY, USA, 6–8 November 2000; pp. 71–78. [CrossRef]
60. Ng, A.; Reddy, M.; Zalta, A.K.; Schueller, S.M. Veterans’ Perspectives on Fitbit Use in Treatment for Post-Traumatic Stress Disorder:

An Interview Study. JMIR Ment. Health 2018, 5, e10415. [CrossRef]
61. Borghouts, J.; Eikey, E.; Mark, G.; de Leon, C.; Schueller, S.M.; Schneider, M.; Stadnick, N.; Zheng, K.; Mukamel, D.; Sorkin, D.H.

Barriers to and Facilitators of User Engagement with Digital Mental Health Interventions: Systematic Review. J. Med. Internet Res.
2021, 23, e24387. [CrossRef]

62. Derrick, B.; Ruck, A.; Toher, D.; White, P. Tests for Equality of Variances between Two Samples Which Contain Both Paired
Observations and Independent Observations. J. Appl. Quant. Methods 2018, 13, 36–47.

63. R Core Team. R: A Language and Environment for Statistical Computing, version 4.2.1; R Foundation for Statistical Computing:
Vienna, Austria, 2022; Available online: https://www.R-project.org/ (accessed on 5 August 2022).

64. Derrick, B. Partiallyoverlapping: Partially Overlapping Samples Tests, R Package, version 2.0. 2018. Available online: https:
//CRAN.R-project.org/package=Partiallyoverlapping (accessed on 5 August 2022).

65. Elo, S.; Kyngäs, H. The Qualitative Content Analysis Process. J. Adv. Nurs. 2008, 62, 107–115. [CrossRef]
66. Steptoe, A.; Pollard, T.M.; Wardle, J. Development of a Measure of the Motives Underlying the Selection of Food: The Food

Choice Questionnaire. Appetite 1995, 25, 267–284. [CrossRef] [PubMed]
67. Cunha, L.M.; Cabral, D.; Moura, A.P.; de Almeida, M.D.V. Application of the Food Choice Questionnaire across Cultures:

Systematic Review of Cross-Cultural and Single Country Studies. Food Qual. Prefer. 2018, 64, 21–36. [CrossRef]
68. McCrae, R.R.; Costa, P.T. The NEO Personality Inventory: Using the Five-Factor ModeI in Counseling. J. Couns. Dev. 1991,

69, 367–372. [CrossRef]
69. Greene, R.L.; Weiner, I.B. NEO Personality Inventory-3. In Handbook of Personality Assessment; John Wiley & Sons, Incorporated:

Hoboken, NJ, USA, 2017; Volume 2, pp. 287–307. ISBN 9781119258896.
70. Littlewood, J.A.; Lourenço, S.; Iversen, C.L.; Hansen, G.L. Menu Labelling Is Effective in Reducing Energy Ordered and Consumed:

A Systematic Review and Meta-Analysis of Recent Studies. Public Health Nutr. 2016, 19, 2106–2121. [CrossRef]
71. Campos, S.; Doxey, J.; Hammond, D. Nutrition Labels on Pre-Packaged Foods: A Systematic Review. Public Health Nutr. 2011,

14, 1496–1506. [CrossRef] [PubMed]
72. van Herpen, E.; van Trijp, H.C.M. Front-Of-Pack Nutrition Labels. Their Effect on Attention and Choices When Consumers Have

Varying Goals and Time Constraints. Appetite 2011, 57, 148–160. [CrossRef] [PubMed]
73. Muller, L.; Prevost, M. What Cognitive Sciences Have to Say about the Impacts of Nutritional Labelling Formats. J. Econ. Psychol.

2016, 55, 17–29. [CrossRef]

http://doi.org/10.1016/j.foodqual.2019.103839
http://doi.org/10.1016/j.appet.2018.09.015
http://www.ncbi.nlm.nih.gov/pubmed/30248439
http://doi.org/10.1016/j.foodqual.2021.104290
http://doi.org/10.1016/j.foodqual.2018.05.012
http://doi.org/10.1111/jan.13877
http://doi.org/10.1186/s12889-019-6574-y
http://doi.org/10.1017/S136898001100187X
http://www.ncbi.nlm.nih.gov/pubmed/21835085
http://doi.org/10.20982/tqmp.13.2.p120
http://doi.org/10.22237/jmasm/1556669520
http://doi.org/10.22237/jmasm/1493597280
http://doi.org/10.1007/s10464-008-9165-0
http://doi.org/10.1145/355017.355028
http://doi.org/10.2196/10415
http://doi.org/10.2196/24387
https://www.R-project.org/
https://CRAN.R-project.org/package=Partiallyoverlapping
https://CRAN.R-project.org/package=Partiallyoverlapping
http://doi.org/10.1111/j.1365-2648.2007.04569.x
http://doi.org/10.1006/appe.1995.0061
http://www.ncbi.nlm.nih.gov/pubmed/8746966
http://doi.org/10.1016/j.foodqual.2017.10.007
http://doi.org/10.1002/j.1556-6676.1991.tb01524.x
http://doi.org/10.1017/S1368980015003468
http://doi.org/10.1017/S1368980010003290
http://www.ncbi.nlm.nih.gov/pubmed/21241532
http://doi.org/10.1016/j.appet.2011.04.011
http://www.ncbi.nlm.nih.gov/pubmed/21554909
http://doi.org/10.1016/j.joep.2016.01.005


Nutrients 2022, 14, 3731 26 of 26

74. Melendrez-Ruiz, J.; Dujourdy, L.; Goisbault, I.; Charrier, J.C.; Pagnat, K.; Nicklaus, S.; Arvisenet, G.; Chambaron, S. “You Look at
It, but Will You Choose It”: Is There a Link between the Foods Consumers Look at and What They Ultimately Choose in a Virtual
Supermarket? Food Qual. Prefer. 2022, 98, 104510. [CrossRef]

75. Wilson, A.L.; Buckley, E.; Buckley, J.D.; Bogomolova, S. Nudging Healthier Food and Beverage Choices through Salience and
Priming. Evidence from a Systematic Review. Food Qual. Prefer. 2016, 51, 47–64. [CrossRef]

76. Grunert, K.G.; Fernández-Celemín, L.; Wills, J.M.; Bonsmann, S.S.G.; Nureeva, L. Use and Understanding of Nutrition Information
on Food Labels in Six European Countries. J. Public Health 2010, 18, 261–277. [CrossRef]

77. Mai, R.; Hoffmann, S. How to Combat the Unhealthy = Tasty Intuition: The Influencing Role of Health Consciousness. J. Public
Policy Mark. 2015, 34, 63–83. [CrossRef]

78. Harbers, M.C.; Middel, C.N.H.; Stuber, J.M.; Beulens, J.W.J.; Rutters, F.; van der Schouw, Y.T. Determinants of Food Choice and
Perceptions of Supermarket-Based Nudging Interventions among Adults with Low Socioeconomic Position: The SUPREME
NUDGE Project. Int. J. Environ. Res. Public Health 2021, 18, 6175. [CrossRef] [PubMed]

79. Bauer, J.M.; Bietz, S.; Rauber, J.; Reisch, L.A. Nudging Healthier Food Choices in a Cafeteria Setting: A Sequential Multi-
Intervention Field Study. Appetite 2021, 160, 105106. [CrossRef] [PubMed]

80. Konttinen, H.; Halmesvaara, O.; Fogelholm, M.; Saarijärvi, H.; Nevalainen, J.; Erkkola, M. Sociodemographic Differences in
Motives for Food Selection: Results from the LoCard Cross-Sectional Survey. Int. J. Behav. Nutr. Phys. Act. 2021, 18, 71. [CrossRef]
[PubMed]

81. Lally, P.; Gardner, B. Promoting Habit Formation. Health Psychol. Rev. 2013, 7, S137–S158. [CrossRef]
82. Gollwitzer, P.M.; Sheeran, P. Implementation Intentions and Goal Achievement: A Meta-Analysis of Effects and Processes. Adv.

Exp. Soc. Psychol. 2006, 38, 69–119. [CrossRef]
83. Roberts, S.B.; Das, S.K.; Suen, V.M.M.; Pihlajamäki, J.; Kuriyan, R.; Steiner-Asiedu, M.; Taetzsch, A.; Anderson, A.K.; E Silver, R.;

Barger, K.; et al. Measured Energy Content of Frequently Purchased Restaurant Meals: Multi-Country Cross Sectional Study. BMJ
2018, 363, k4864. [CrossRef]

84. Raulio, S.; Roos, E.; Ovaskainen, M.-L.; Prättälä, R. Food Use and Nutrient Intake at Worksite Canteen or in Packed Lunches at
Work among Finnish Employees. J. Foodserv. 2009, 20, 330–341. [CrossRef]

85. Raulio, S.; Roos, E.; Prättälä, R. School and Workplace Meals Promote Healthy Food Habits. Public Health Nutr. 2010, 13, 987–992.
[CrossRef]

86. Roos, E.; Sarlio-Lähteenkorva, S.; Lallukka, T. Having Lunch at a Staff Canteen Is Associated with Recommended Food Habits.
Public Health Nutr. 2004, 7, 53–61. [CrossRef]

87. Rantala, E.; Balatsas-Lekkas, A.; Sozer, N.; Pennanen, K. Overview of Objective Measurement Technologies for Nutrition Research,
Food-Related Consumer and Marketing Research. Trends Food Sci. Technol. 2022, 125, 100–113. [CrossRef]

88. Rantala, E.; Vanhatalo, S.; Tilles-Tirkkonen, T.; Kanerva, M.; Hansen, P.G.; Kolehmainen, M.; Männikkö, R.; Lindström, J.;
Pihlajamäki, J.; Poutanen, K.; et al. Choice Architecture Cueing to Healthier Dietary Choices and Physical Activity at the
Workplace: Implementation and Feasibility Evaluation. Nutrients 2021, 13, 3592. [CrossRef] [PubMed]

http://doi.org/10.1016/j.foodqual.2021.104510
http://doi.org/10.1016/j.foodqual.2016.02.009
http://doi.org/10.1007/s10389-009-0307-0
http://doi.org/10.1509/jppm.14.006
http://doi.org/10.3390/ijerph18116175
http://www.ncbi.nlm.nih.gov/pubmed/34200437
http://doi.org/10.1016/j.appet.2021.105106
http://www.ncbi.nlm.nih.gov/pubmed/33422678
http://doi.org/10.1186/s12966-021-01139-2
http://www.ncbi.nlm.nih.gov/pubmed/34078396
http://doi.org/10.1080/17437199.2011.603640
http://doi.org/10.1016/S0065-2601(06)38002-1
http://doi.org/10.1136/bmj.k4864
http://doi.org/10.1111/j.1748-0159.2009.00157.x
http://doi.org/10.1017/S1368980010001199
http://doi.org/10.1079/PHN2003511
http://doi.org/10.1016/j.tifs.2022.05.006
http://doi.org/10.3390/nu13103592
http://www.ncbi.nlm.nih.gov/pubmed/34684592

	Introduction 
	Materials and Methods 
	Study Design 
	Setting 
	Participants and Their Recruitment 
	Control and Intervention Condition 
	Data Collection 
	Eye Tracking 
	Cafeteria-Level Food Consumption 
	Interviews 

	Analyses 
	Fixations on Heart-Symbol Materials and Foods 
	Food Choices 
	Cafeteria-Level Food Consumption 
	Perceived Influences on Food Choices 
	Self-Reported Observations and Understanding of the Heart Symbol 


	Results 
	Fixations on Heart-Symbol Materials and Foods 
	Food Choices 
	Cafeteria-Level Food Consumption 
	Perceived Influences on Food Choices 
	Sensory Appeal, Healthiness, Familiarity, and Particular Foods 
	Variation, Weight Control, and Menu 
	Further Factors 

	Self-Reported Observations and Understanding of the Heart Symbol 

	Discussion 
	Fixations on Heart-Symbol Materials and Foods 
	Food Choices and Consumption 
	Perceived Influences on Food Choices 
	Strengths and Limitations 
	Recommendations 

	Conclusions 
	References

