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ABSTRACT 

Objective: This study examined the effect of nudges, inspired by the recently renewed Flemish Food 

Triangle, on fruit sales in a Belgian on-campus university restaurant.  

Methods: In this mixed-method real-life experiment, nudges were added weekly over a period of four 

consecutive weeks: placement of (1) Food Triangle green heart  icons above 

the fruit stands, and (3) substitution and (4) social norm messages at the fruit stands. During baseline (no 

intervention) and all intervention weeks, dessert sales were registered. Short interviews were used to ask 

customers about their perceptions regarding the intervention. Follow-up measurements (7 and 30 weeks 

later) evaluated the longer-term effectiveness, while all nudges remained in place. Dessert sales were 

analyzed separately for both sexes, students and staff categories (based on academic degree). 

Results: Compared to baseline, the combination of the Food Triangle and the green heart intervention 

materials in week 2 resulted in significant increases in fruit consumption across almost all subgroups. The 

other intervention materials used in the current study had rather limited effects in the short term. After 7 

weeks of follow-up, significant fruit sale increases were established for all subgroups compared to baseline. 

At 30 weeks follow-up, the effect for staff B ( ) disappeared. The majority of the 

respondents (66.4%) had noticed at least one of the nudges, while only 3.4% indicated to have adjusted 

their dessert choice as a result of the nudges.  



Conclusions: The combination of nudges was effective in the long term and increased fruit purchase in 

nearly all subgroups. Short interviews show that a more active approach may be needed to increase effect 

sizes. 
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ABSTRACT 12 

Objective: This study examined the effect of nudges, inspired by the recently renewed Flemish Food 13 

Triangle, on fruit sales in a Belgian on-campus university restaurant.  14 

Methods: In this mixed-method real-life experiment, nudges were added weekly over a period of four 15 

consecutive weeks: placement of (1) Food Triangle green heart  icons 16 

above the fruit stands, and (3) substitution and (4) social norm messages at the fruit stands. During 17 

baseline (no intervention) and all intervention weeks, dessert sales were registered. Short interviews 18 

were used to ask customers about their perceptions regarding the intervention. Follow-up 19 

measurements (7 and 30 weeks later) evaluated the longer-term effectiveness, while all nudges 20 

remained in place. Dessert sales were analyzed separately for both sexes, students and staff categories 21 

(based on academic degree). 22 

Results: Compared to baseline, the combination of the Food Triangle and the green heart intervention 23 

materials in week 2 resulted in significant increases in fruit consumption across almost all subgroups. 24 

The other intervention materials used in the current study had rather limited effects in the short term. 25 

After 7 weeks of follow-up, significant fruit sale increases were established for all subgroups compared 26 

to baseline. At 30 weeks follow-up, the effect for staff B ( ) disappeared. The majority 27 

of the respondents (66.4%) had noticed at least one of the nudges, while only 3.4% indicated to have 28 

adjusted their dessert choice as a result of the nudges.  29 
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Conclusions: The combination of nudges was effective in the long term and increased fruit purchase in 30

nearly all subgroups. Short interviews show that a more active approach may be needed to increase 31

effect sizes.32

Keywords: nudging; labeling; point of purchase; health; university33

INTRODUCTION34

Mid-September 2017 the renewed Food Triangle (Figure 1) was presented in Flanders (Belgium) by the 35

Flemish Institute Healthy Living ( Vlaams Instituut Gezond Leven ). Supporting the Flemish policy of 36

health promotion and disease prevention (1), this official organization provides (inter alia) food 37

guidelines which should be achievable in the long term for the general population, and which should be 38

easily accessible and convenient to understand Food Triangle . During the 39

development of these guidelines, food sustainability was taken into account in order to preserve a 40

sufficient availability of healthy foods for the next generations (2 5). The Food Triangle relies on three 41

starting points: 1) eating more vegetable than animal foods, 2) avoiding ultra-processed foods as much 42

as possible by focusing more on fruit, vegetables, whole grains, legumes and nuts, and 3) not wasting43

foods and moderating overall consumption (3).44

45
Figure 1. Flemish Food Triangle (English version)46
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The adult Belgian population (18-64 years) has overweight, with an average body mass index (BMI) of 47 

26.3 kg/m² (6). The prevalence of people having overweight has increased linearly since 1997, while 48 

projections show a continuation of this trend across the next decade (7,8). BMI and also overweight and 49 

obesity are related to fruit consumption, with a higher fruit consumption as a protective factor (7 9). 50 

Generally, people with a higher educational level consume more fruit than people with a lower 51 

educational level while women eat more fruit than men (10,11). So, despite the existence of the 52 

recommendation of consuming at least two portions of fruit a day, only a small part of the Belgian 53 

population reaches this guideline in real life (10,11). In fact, to date, there is a lack of research evaluating 54 

changes in food intake as a result of actively/effectively using such guidelines (12).  55 

In recent years, nudging is increasingly used to promote healthy eating behaviors (13 17). Nudges are 56 

57 

(18). Reviews 58 

showed that these kind of nutrition interventions, such as food labeling (use of symbols to communicate 59 

nutrition information; e.g. green label for healthy items, yellow/amber for less healthy items and red 60 

for unhealthy items (19)), and point-of-purchase (POP) messaging (messages containing information, 61 

reminders and reinforcement to guide people towards healthier food choices at the point of decision 62 

making) may be effective in changing purchasing behavior, and in turn, potentially improving dietary 63 

behavior (20,21). Thorndike et al (19) for example found a 5% increase in purchase behavior of green 64 

labeled products compared to baseline in a traffic-light labeling and choice architecture cafeteria 65 

intervention. Similar results were found in a study investigating the impact of traffic-light labeling within 66 

a hospital employee environment and even greater effects in a Taiwanese worksite canteen, 67 

respectively (22,23). Psychologically, chromatic colors, including green, seem to carry a symbolic 68 

meaning capable of influencing perceptions (24). As traffic patterns rely on the knowledge that green 69 

, yellow/am , 70 

encourage consumers to see those foods as relatively healthy, as green labels should carry some sort of 71 

health halo (24). The same rationale was used to colorize the renewed Flemish Food Triangle. Besides 72 
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food labeling and POP messaging, social norming has also been proven to be effective (25). Although 73 

the study of Stok et al. (25) found no higher intake intentions immediately after descriptive norm 74 

message manipulation (i.e. the norm that describes the current behavior of others), a higher 75 

consumption of fruit at follow-up was observed. A study among high school students reported similar 76 

results regarding fruit intake after showing a descriptive fruit norm (26). 77 

Colleges and universities appear to be an ideal environment to perform food choice interventions 78 

(13,27 29). Previous dietary interventions showed that on-campus university restaurants have the 79 

ability to reach a large number of male and female adults aged 18-65 years with varying occupations 80 

(e.g. students, teaching and scientific personnel, administrative and technical personnel, policy makers, 81 

etc.) (28 31). Therefore, the present intervention was conducted in an on-campus university restaurant 82 

setting. 83 

While mixed interventions have been described in the literature (19,32 38), to date, few interventions 84 

investigated the effect of such multiple food choice interventions in a university setting (33,34,38). 85 

Moreover, as few studies evaluated the effectiveness over a longer period of time, the sustainability of 86 

interventions with an environmental approach within a university setting is not secured. 87 

To date, it is not clear how food guidelines and labeling based on the renewed Flemish Food Triangle 88 

may improve purchasing behavior. Therefore, the purpose of this study was to combine food labeling 89 

and POP messaging intervention materials aligned with the new Flemish Food Triangle, aiming to 90 

increase fruit purchases in an on-campus university restaurant. In addition, follow-up measurements 91 

were conducted to investigate the sustainability of the (combined) interventions. 92 

MATERIALS AND METHODS 93 

Subjects and setting 94 

All measurements were conducted at the on-campus restaurant of a Flemish university (Vrije 95 

Universiteit Brussel (VUB), Brussels, Belgium). The sample consisted of all students and staff members 96 

who ate their lunch at the on-campus restaurant and bought a menu, including a dessert. Non-student 97 
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and non-staff member visitors were excluded from the study. The VUB restaurant is open every Monday 98 

till Friday from 11:30 AM to 1:45 PM and typically receives around 1,000 guests a day (i.e. 600 students 99 

and 400 staff members). The restaurant operates by a free-flow system and provides six different types 100 

of menus every day (i.e. menu 1 (generally meat dish), menu 2 (generally meat dish), fish-menu, veggie-101 

menu, pasta-menu and wok-menu (one of these options is always vegan)). By default, each menu also 102 

includes a bowl of soup of the day and a dessert. There are six types of desserts to choose from, namely, 103 

fresh whole fruit (e.g. apples, pears, bananas, kiwis, oranges, plumbs, nectarines and peaches (during 104 

spring and summer) and tangerines (during autumn and winter)), pudding, yoghurt, cookies, ice cream, 105 

and hand-made desserts, (e.g. chocolate mousse, cake, etc.). The entire menu typically costs between 106 

 4.90 and  5.20 for university students and staff. 107 

Study design and intervention 108 

A mixed-method real-life experimental design was used to examine the effect of combining food 109 

labeling and POP messaging aligned with the renewed Flemish Food Triangle on fresh fruit sales. A 110 

flowchart of the experiment is presented in Figure 2.  111 

Figure 2. Flowchart of labeling and POP messaging intervention 112 
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The first week (week 0) of the experiment served as a control week, during which no interventions were 114 

conducted. Baseline data of the dessert sales were collected at the cash registers. The following four 115 

weeks (week 1-4) consisted of an intervention combining four different intervention materials based on 116 

food labeling and POP messaging. Every week, one intervention material was added, and effects were 117 

observed. The experiment ran over a longer period of time including several seasons (see Figure 2). The 118 

experiment started in week 1, during which posters of the Food Triangle were placed at the entrance 119 

and inside the restaurant, and at the fruit stands (Figure 3) (cf. infra the Food Triangle  week ) (food 120 

labeling). In the following week, two green heart icons with a smiling face (Figure 4) (as an implicit 121 

element shown next to the Food Triangle, to indicate the beneficial effect on physical and mental health) 122 

were presented above the fruit stands (Figure 4) (cf. infra the Food Triangle + green heart  week ) 123 

(food labeling). In week 3, substitution messages  (Figure 5) were added near the dessert stand (Figure 124 

5) (cf. infra the Food Triangle + green heart + substitution message  week ) (POP messaging). The 125 

substitution messages showed a graphical message implying less healthy choices (e.g. cookies, ice 126 

cream, yoghurt, pudding) should be replaced by fruit as a healthier alternative. It also showed the 127 

message small changes with a big . In the last experimental week (week 4) a fruit norm 128 

(Figure 6) was placed at both fruit stands (Figure 6) (cf. infra the Food Triangle + green heart 129 

+ substitution messages + norm message  week ) (POP messaging). This norm message showed how 130 

many percent of the customers during the week before chose fruit for dessert. A visual overview of all 131 

interventions can be found in Figure 6. During this intervention period of four weeks, dessert sales data 132 

were collected again at the cash registers. During week 5, short face-to-face interviews were conducted 133 

to obtain additional information from a subsample of restaurant customers about the perception of the 134 

interventions. During weeks 12 and 35 (week 35 fell in a new academic year) follow-up measurements 135 

were conducted collecting dessert sales data at the cash registers. Meanwhile, from week 5 to 35, all 136 

combined food labeling and POP messages remained in place.  137 
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138
Figure 3. Left: Picture of the renewed food triangle; right: overview of the food triangle poster at the entrance, at 139
the fruit stands and in the restaurant140

141
Figure 4. Left: Picture of the green heart icons; right: Overview of the green heart icons at the fruit stands142
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143
Figure 5. Above left: p changes with a big 144

; Above right + under: overview of the replacement messages at the non-fruit dessert and ice cream stands145

146
Figure 6. Above left: picture of the fruit norm; above right: overview of the implementation of the fruit norm at 147
the fruit stands; under: all interventions combined148

Already 53% of 
the restaurant 
visitors choose 
fruit as dessert.
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Measurements 149 

Experiment 150 

The dessert sales (i.e. fruit vs. non-fruit (i.e. the 5 remaining dessert choices cf. supra)) (count data) were 151 

registered at the cash registers (ntotal= 33,836 menus with dessert). Students and staff had to show their 152 

student or staff member card to identify themselves. Four to six cash register employees registered the 153 

type of the chosen dessert (i.e. fruit vs. non-fruit), whether the dessert was purchased by men or women 154 

and whether the dessert was purchased by a student or a staff member with for the latter a further 155 

subdivision based on degree (i.e. VUB-student, VUB-staff A, VUB-staff B, VUB-staff C, or other (all people 156 

from outside the university)). Staff A members generally have , staff B members a 157 

 and staff C members a secondary school degree or no degree. This categorization 158 

allowed us to take socio-economic status into account (39). Sales registration only 159 

occurred during the baseline week, the four intervention weeks and the two follow-up weeks as 160 

displayed in Figure 2.  161 

Short interviews 162 

In week 5, face-to-face interviews were conducted among a purposefully selected subsample of 163 

students and staff who were consuming one of the menus including a dessert in the on-campus 164 

restaurant. To guide the short interviews, a semi-structured questionnaire (Appendix 1) on iPad was 165 

used. All interviews were conducted anonymously, meaning that no formal identification was asked for. 166 

The first part of the questionnaire consisted of socio-demographics, such as sex, age, being student or 167 

staff, but also self-reported height and weight (in order to calculate BMI). The other questions referred 168 

to their choice of dessert at that moment, the visibility of the intervention, the influence of the 169 

intervention on their chosen dessert, which part of the intervention (labeling versus POP messaging) 170 

was perceived to be most influential in their dessert choice and the appreciation of the intervention, 171 

intending to obtain information about whether or not a permanent implementation of the intervention 172 

in the on-campus restaurant would be achievable and acceptable for the customers. 173 
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Ethics statement 174 

The present experimental study was approved (B.U.N. 143201834753) by the Medical Ethics Committee 175 

of the university hospital (UZ Brussel, VUB). All used procedures were in accordance with the ethical 176 

standards of the responsible committee on human experimentation and with the Helsinki Declaration 177 

of 1975 and its later amendments. 178 

Data analysis 179 

The free software environment R version 3.4.4 was used for data analyses. Since the proportions of 180 

dessert sales were used as the outcome measures, a binomial test for one proportion was used to 181 

analyze differences in dessert sales between the baseline and intervention weeks. Dessert sales were 182 

analyzed separately for both sexes and for students and different staff categories (VUB-student/VUB-183 

staff A/VUB-staff B/VUB-staff C/other) in order to see in which subgroups significant differences were 184 

manifested. This split-up resulted in the following subgroups: total sample, students, staff, male 185 

students, female students, male staff, female staff, staff A, staff B and staff C.  186 

IBM SPSS Statistics version 24 was used to analyze the closed and multiple-choice questions of the short 187 

interviews. Descriptive statistics were calculated. Differences according to sex and 188 

occupation (students/staff) were analyzed using Pearson  Chi square tests. p-values <0.005 were 189 

considered as statistically significant (40), in order to avoid an overestimation of our outcomes due to 190 

multiple testing. 191 

Qualitative data (quotes) were analyzed in Microsoft Word 2016, using an inductive content analysis 192 

approach (41) consisting of three steps. First, answers were examined for recurrent contents, which 193 

were then grouped together. Subsequently, themes where derived from these groups into more general 194 

concepts. Finally, these concepts were further categorized into overarching categories. Examples of 195 

quotes were used to explain certain concepts and categories.  196 

RESULTS 197 

Experiment 198 
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At baseline (week 0), 4,959 menus with dessert were registered at the cash registers. The distribution 199 

of the different subgroups over the different intervention weeks can be found in Table 2. 200 

Table 1. Distribution of the different subgroups over the different intervention weeks 201 

 
Baseline Food 

Triangle 
Food Triangle + 
green heart 

Food Triangle + green 
heart + substitution 
message 

Food Triangle + green 
heart + substitution 
message + norm 

Total sample 4959 4676 4795 4633 4806 

      

Students 2721 
54.9% 

2459 
52.6% 

2592 
54.0% 

2451 
52.9% 

2553 
53.1% 

      

Men 1598 
58.7% 

1493 
60.7% 

1577 
60.8% 

1449 
59.1% 

1532 
60.0% 

Women 1123 
41.3% 

966 
39.3% 

1015 
39.2% 

1002 
40.9% 

1021 
40.0% 

      

Staff 2238 
45.1% 

2217 
47.4% 

2203 
46.0% 

2182 
47.1% 

2253 
46.9% 

      

Men 1541 
68.9% 

1513 
68.2% 

1477 
67.0% 

1505 
69.0% 

1549 
68.7% 

Women 697 
31.1% 

704 
31.8% 

726 
33.0% 

677 
31.0% 

704 
31.3% 

      

Staff A 1787 
79.8% 

1770 
79.8% 

1750 
79.4% 

1765 
80.9% 

1801 
79.9% 

Staff B 278 
12.4% 

249 
11.2% 

270 
12.2% 

246 
11.3% 

251 
11.1% 

Staff C 173 
7.8% 

198 
9.0% 

183 
8.4% 

171 
7.8% 

201 
9.0% 

 202 

Fruit purchase among the total sample, students and staff 203 

In Figure 7, fresh fruit purchases (as a dessert choice as part of the menu) for the total sample, students 204 

only and staff only are presented.  205 

For all three groups (i.e. total sample, students, staff), significant increases in fruit purchase compared 206 

to baseline were found for the Food Triangle + green heart  week (total: +4.8%, p<0.001; 207 

students: +2.8%, p=0.003; staff: +6.9%, p<0.001), the Food Triangle + green heart + substitution 208 

message  week (total: +4.1%, p<0.001; students: +2.8%, p=0.003; staff: +5.2%, p<0.001), the 7-week 209 

follow-up (total: +10.2%, p<0.001; students: +9.2%, p<0.001; staff: +10.8%, p<0.001) and the 30-week 210 
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follow-up (total: +5.7%, p<0.001; students: +5.6%, p<0.001; staff: +6.2%, p<0.001). The Food 211

Triangle week showed no significant change in fruit purchase compared to baseline for the total sample 212

(-1.4%, p=0.055), students (+1.3%, p = 0.188) or staff (+1.1%, p=0.297). The fourth Food Triangle + 213

green heart + substitution message + norm message week showed no significant change in fruit 214

purchase for the total sample compared to baseline (+1.0%, p=0.177) nor for students (-1.1%, p=0.263), 215

while a significant increase in fruit purchase was found for staff (+3.1%, p=0.003).216

217
Figure 7. Intervention effects for the total sample, students and staff 218
* significantly different compared to week 0 (baseline) 219

220

Fruit purchase among students according to sex221

As shown in Figure 8, there were significant increases in fruit purchase among male students between 222

baseline and the Food Triangle + green heart week (+4.1%, p<0.001), the 7-week follow-up223

(+9.9%, p<0.001) and the 30-week follow-up (+6.5%, p<0.001). No differences were found for the first 224

225

week (+3.6%, p=0.006) and Food Triangle + green heart + substitution message + norm message226

week among male students (-0.3%, p=0.840) compared to baseline.227
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Although significant increases in fruit purchase were found during the 7-week follow-up (+8.3%, 228

p<0.001) and the 30-week follow-up (+4.4%, p=0.003) among female students, no significant differences 229

in fruit purchase were found for the other intervention weeks compared to baseline ( Food 230

Triangle week: -0.8%, p=0.629; Food Triangle + green heart week : +1.1%, p=0.489; Food 231

Triangle + green heart + substitution message week: +1.7%, p=0.282; Food Triangle + green 232

heart + substitution message + norm message week: -2.3%, p=0.126). 233

234
Figure 8. Intervention effects for male and female students 235
* significantly different compared to week 0 (baseline)236

237

Fruit purchase among staff according to sex238

As shown in Figure 9, both male and female staff members showed significant increased fruit purchases239

in the Food Triangle + green heart week (men: +5.2%, p<0.001; women: +10.4%, p<0.001), the 240

7-week follow-up (men: +11.9%, p<0.001; women: +8.7%, p<0.001) and the 30-week follow-up (men: 241

+6.6%, p<0.001; women: +5.4%, p=0.003) compared to baseline. During 242

the Food Triangle + green heart + substitution message 243

+ norm message week, only female staff members showed an increase in fruit purchase (respectively 244
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+6.0%, p=0.001 and +9.5%, p<0.001) compared to baseline. Regardless of sex, no effects were found for 245

the Food Triangle week.246

247
Figure 9. Intervention effects for male and female staff 248
* significantly different compared to week 0 (baseline) 249

Fruit purchase among staff according to socio-economic status250

Among staff A members (i.e. there were significant increases in the Food 251

Triangle + green heart week (+6.5%, p<0.001), the Food Triangle + green heart + substitution 252

message week (+6.3%, p<0.001), the 7-week follow-up (+10.6%, p<0.001) and the 30-week follow-up253

(+6.3%, p<0.001) compared to baseline. Among staff B members (i.e. and staff C 254

members (i.e. a secondary school degree or no degree), there were significant increases in fruit 255

purchases in the 7-week follow-up (staff B: +10.1%, p<0.001; staff C: +14.2%, p<0.001) compared to 256

baseline (see Figure 10). Staff C members further showed significant increases during 257

p=0.003) and the 30-week follow-up (+13.0%, p<0.001) compared 258

to baseline.259
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260
Figure 10. Intervention effects for staff according to socio-economic status261
* significantly different compared to week 0 (baseline) 262

Short interviews263

In total, 579 people were shortly interviewed in week 5. Fourteen interviews were excluded because 264

they were answered by external people not being enrolled as a VUB student or staff member. Besides, 265

another nine interviews were excluded because of registration errors (incorrectly saved or not saved 266

due to network problems). Consequently, a total of 556 interviews were analyzed. An overview of the 267

participant characteristics and the results of the short interviews is shown in Table 3. The results on the 268

269

is provided in Appendix 2. At the moment of the interviews, 48.6% of the short interview respondents270

had chosen fruit for dessert. The majority of respondents (66.4%) reported they had noticed at least 271

one of the interventions. More specifically, 54.0% of the total sample noticed the posters with the Food 272

Triangle, whereas 18.3% noticed the green hearts, 15.3% noticed the substitution message and 23.4% 273

noticed the norm message. Approximately 2.9% of the respondents noticed all four interventions. Only 274

3.4% of the respondents reported to have adjusted their dessert choice because of the interventions. 275

Of all participants who noticed the intervention(s), respectively 87.6%, 82.0%, 67.2% and 79.2% 276

answered that the Food Triangle, the green heart, the substitution message and/or the norm message277
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did not influence their dessert choice. In contrast, 73.3% of the total sample believed such interventions 278 

are good initiatives to help people make healthier dessert choices. More women than men noticed the 279 

green hearts (23.3% vs. 14.1%, Chi²= 7.749, p=0.005) and norm message (30.6% vs. 17.1%, Chi²= 14.080, 280 

p<0.001). No differences were found between students and staff and between the different staff 281 

categories. 282 

Table 2. Participant characteristics and results of the short interviews (Mean ± SD, %) 283 

 Total sample Students Staff Men Women 

Sex (% of females) 46.4 49.6 38.7 - - 

Age (years) 26.6 ± 10.6 21.6 ± 3.0 38.7 ± 12.5 27.7 ± 11.5 25.4 ± 9.4 

BMI (kg/m2) 22.8 ± 3.2 22.4 ± 2.9 23.8 ± 3.5 23.3 ± 3.0 22.3 ± 3.2 

 Underweight (%) 5.1 5.7 3.7 2.4 8.2 

 Normal weight (%) 76.1 79.6 67.7 76.5 83.9 

 Overweight (%) 18.8 14.7 28.6 21.1 16.1 

Dessert choice (%)      

 Fruit 48.6 43.0 62.0 51.7 45.0 

 Yoghurt 13.7 14.5 11.7 13.8 13.6 

 Pudding 15.1 17.3 9.8 13.1 17.4 

 Cookie 14.4 16.3 9.8 13.1 15.9 

 Ice cream 1.3 1.5 0.6 1.3 1.2 

 Other 7.0 7.4 6.1 7.0 7.0 

% of participants indicating they 
had noticed at least one of the 
interventions 

66.4 65.4 68.7 63.4 69.8 

% of participants noticing 
intervention 

     

 Food Triangle 54.0 53.4 55.2 51.7 56.6 

 Green heart 18.3 18.8 17.2 14.1 23.3 

 Substitution 
 message 

15.3 15.0 16.0 13.8 17.1 

 Fruit norm 23.4 22.9 24.5 17.1 30.6 

% of participants noticing all 
interventions 

2.9 3.3 1.8 1.6 4.3 

% of participants indicating to 
have adjusted their dessert choice 
because of the intervention 

3.4 3.1 3.7 1.3 5.4 
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In total, 509 284 

. Overall, the participants thought it was a good 285 

idea to implement this intervention at the university restaurant for multiple reasons (see Figure 11). 286 

About 18.3% of the participants approved this intervention because it promotes healthy food intake. 287 

Quotes like a lot of people are getting bigger, so it is important to eat healthy , Fruit is healthy, and 288 

health is very important  were very common answers.  289 

Ninety-seven out of 509 participants (19.1%) thought these interventions were effective due to different 290 

reasons. First, 3.3% of the participants (17 out of 509 people) reported that the Food Triangle poster 291 

provides clear information and increases the knowledge about healthy foods. Second, 3.1% of the 292 

participants (16 out of 509 people) believed people could adjust their dessert choice because all 293 

intervention materials were placed at point of decision. Another 3.9% of the participants (20 out of 509 294 

people) reported that a careful approach was positive, so that they could still make their own choice 295 

without feeling obliged to choose a fruit for dessert. However, 2.0% of the participants (10 out of 509 296 

people) felt peer pressure from the norm message, which was added in week 4. Further, 2.4% of the 297 

participants (12 out of 509 people) thought the messages of the interventions motivated them to 298 

choose the healthy dessert option. Moreover, 2.2% of the participants (11 out of 509 people) believed 299 

that the intervention could influence people unconsciously, while 2.0% of the participants (10 out of 300 

509 people) thought the interventions were effective because of their clear and visual approach. One 301 

participant (0.2%) explicitly encouraged the positive approach of the intervention. Furthermore, 13.2% 302 

of the participants (67 out of 509 people) thought the intervention was a good way to promote fruit 303 

sales because the messages reminded them of the choice they were about to make. They would think 304 

about their choice and make a more conscious decision: It is a reminder, because normally you do not 305 

think about what to take for dessert . In addition, 9.0% of the participants (46 out of 509 people) 306 

encouraged every initiative to promote more fruit intake. The quotes: every little bit helps , better to 307 

do something then nothing , it can only be good  were the most commonly raised. Finally, 4.3% of the 308 



18 
 

participants (22 out of 509 people) believed it may be effective for some people, even though it did not 309 

influence their own choice. 310 

Although a lot of participants thought the intervention was a good initiative to promote healthy food 311 

choices, 12.6% of the participants (64 out of 509 people) suggested other interventions (e.g. the use of 312 

leaflets at the dining tables, the placement of an advertisement in the VUB newsletter, or placing the 313 

messages at the cash registers as people have to wait there and have the time to read it) of which they 314 

thought could be more successful (Figure 11).  315 

The following reasons were given by the participants who thought the intervention components were 316 

bad initiatives (Figure 14): 14.9% of the participants (76 out of 509 people) reported that the 317 

intervention materials were not visible or striking enough, 11.8% of the participants (60 out of 509 318 

people) thought the intervention components would not be effective because they were too passive, 319 

showed too much information or were too compulsory for the participants. Finally, 6.3% of the 320 

participants (32 out of 509 people) reported they did not think the intervention had an influence on the 321 

dessert choice for the following reasons: 16 participants (3.1%) said that their dessert choice is a habit 322 

or routine, while 13 participants (2.6%) said their dessert choice is generally already made before 323 

entering the restaurant, and three participants (0.6%) declared to choose dessert according to their 324 

preference and taste.  325 
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326
Figure 11. Short interview opinions about labeling and POP messaging interventions with the numbers in each box 327
indicating how many participants of the short interviews were sharing the opinion(s).328

329

DISCUSSION330

This 35-week experimental study aimed to investigate the effect of a combination of food labeling and 331

POP messaging, aligned with the renewed Flemish Food Triangle, on fresh fruit purchase as a choice of 332

dessert in a Belgian on-campus restaurant.333

The combination of the Food Triangle and the green heart intervention materials in week 2 resulted in 334

significant increases in fruit consumption across almost all subgroups. These results correspond with 335

other studies including traffic light food labeling interventions at point of purchase where significant 336

increases of the green coded foods (healthy foods) were observed in other cafeteria settings (i.e. staff 337

members and visitors of a US hospital cafeteria, and visitors of a Thai worksite canteen) (19,22,23). It 338

should be mentioned that, in the latter studies, also less healthy and unhealthy foods were coded with 339

yellow and red colored labels, respectively. This is in contrast with the present study, in which only the 340
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healthy food option (i.e. fresh fruit as a dessert choice) was indicated by a green label. These findings 341 

ing may have the potential to positively influence food choices 342 

yellow and red labeling. Despite the fact that some studies among 343 

university students did not find any effect of food labeling interventions (i.e. traffic light and 344 

healthy/unhealthy labeling) in the short term (42,43), the present study showed that students were 345 

positively influenced to choose fruit in the short and long term. This is in line with a recent systematic 346 

review and meta-analysis of randomized studies demonstrating that traffic light labeling is the most 347 

effective labeling method (44).  348 

The other intervention materials used in the current study have proven their effectiveness in the past 349 

too (25,45 49). However, their effect in the current study was rather limited. The fact that only the 350 

intervention materials other than the Food Triangle showed significant differences in fruit purchase 351 

compared to baseline may be explained by the fact that we displayed the Food Triangle solely during 352 

week 1, without educating customers about healthy nutrition nor explaining how to interpret the 353 

(renewed) Food Triangle. It has been argued that, ideally, physical environmental interventions should 354 

be accompanied by some form of education, in order to maximize effectiveness (50,51). Furthermore, 355 

the Food Triangle posters display guidelines/recommendations for all food groups, while the other 356 

intervention materials focused specifically on the fresh fruit. It is therefore possible that the Food 357 

Triangle caused no changes in fresh fruit purchase but did for other food items. Thirdly, it is possible 358 

that only one week of exposure was insufficient to unconsciously change the mind of the consumers 359 

and thus to observe significant differences in fruit purchase at short notice.  360 

Also, the combination of the Food Triangle, the green hearts and substitution message, whether or not 361 

in combination with the norm message, showed little or no short-term effects on the fruit purchase 362 

among the different subgroups. Again, one week of exposure could have been too short to observe 363 

significant differences, though the timing in earlier successful research on substitution and norm 364 

messages was equally short or even shorter (25,45,52,53). Furthermore, it is difficult to compare our 365 

results with earlier research, as the substitution messages and the norm messages were performed 366 
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separately in these earlier studies, compared to the combination of intervention materials in the current 367 

study. 368 

Interestingly, seven weeks after the short interviews (7-week follow-up), the combination of all 369 

interventions led to increases in fruit purchase among all customer subgroups compared to baseline. 370 

During the 30-week follow-up, values remained significantly higher compared to baseline, except for 371 

staff B members. As there is a lack of dietary interventions investigating long-term effectiveness of the 372 

used intervention strategies (54), it is difficult to compare our findings with the literature. Compared to 373 

the other dessert sales registration weeks, the effect sizes during the 7-week follow-up were a lot 374 

higher, with increases in fruit purchase up to 14.2% (staff C members). It might be that seasonal effects 375 

in fruit consumption and changes in fruit availability compared to the first four intervention weeks have 376 

caused these higher effect sizes. Effect sizes during the 30-week follow-up were again a little lower, 377 

however still comparable to those from the intervention weeks. Another explanation may be the 378 

combination of the longer exposure time of the interventions together with the influence of the short 379 

interviews causing more sensitization among the restaurant visitors. Although the same argument can 380 

be made for the 30-week follow-up, effect sizes reduced again. It should be mentioned that the 30-381 

week follow-up fell within a new academic year, resulting in a population shift with newly enrolled 382 

freshman students and final year students who graduated, which may have influenced our results. As 383 

the effect sizes in the current study are relatively small, it should be investigated whether the proposed 384 

interventions could result in greater effect sizes when combined with other types of (nudge) 385 

interventions. For example, since offering pre-sliced fruit results in higher fruit purchase (53,54), the 386 

combination of this latter nudge with the introduction of the nudge interventions used in the current 387 

study, may be considered. 388 

389 

 This suggests that female 390 

staff members were more triggered by the interventions than male staff members. Arganini et al. (55) 391 

stated that women engage in far more health-promoting behaviors than do men. Furthermore, it was 392 
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found that females are generally more aware about diet and health-diet relationship implications, 393 

embrace suggested dietary changes to a greater degree than men, and are more influenced by other 394 

people in their food choice (55).  395 

Among staff A, B and C, respectively 53.8%, 50.7% and 39.3% chose for fruit during the baseline week. 396 

These findings are in accordance with a study by De Ridder et al. (6) demonstrating that Flemish people 397 

with a higher degree consume a bigger amount of fruits. In the current study, we found an increase for 398 

all staff categories (A, B and C) at 7-week follow-up, whereas, at 30-week follow-up, only the increases 399 

for staff A and C remained in place. This is partially in line with the study of Levy et al. (22) showing the 400 

potential of traffic light labeling and choice architecture interventions to improve food choices among 401 

people independent of job type. Although the subdivision of staff according to the obtained diplomas 402 

could be linked to different SES, it is difficult to make this direct link for the current study as the lowest 403 

SES group of university staff is probably still better informed than non-university lower SES groups within 404 

our society. Nevertheless, it was still possible to investigate differences according to occupational type. 405 

The Food Triangle intervention was noticed by 54.0% of the short interview respondents, a visibility 406 

much higher than for the green heart intervention (18.3%), the substitution message (15.3%) and the 407 

norm message (23.4%). The greater visibility of the Food Triangle posters may be due to the big quantity 408 

of the posters (19 pieces) and their placement (both inside and outside the free-flow part of the 409 

restaurant). Furthermore, it should be mentioned that the short interviews were conducted during 410 

week 5, while the Food Triangle posters were placed during week 1, resulting in a longer exposure time 411 

and thus greater visibility for the visitors compared to the other intervention components. The other 412 

intervention materials may not have been visible enough. The green hearts and the norm messages for 413 

example, were despite their large sizes, displayed just above eye-level, which may have caused a limited 414 

visibility. Hence, visibility should be an important factor to keep in mind by restaurant holders who want 415 

to implement such food labeling and POP messaging interventions.  416 
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About 32.8% of the respondents indicated that the substitution messages influenced their dessert 417 

choice, whereas for the norm message, the green hearts and the Food Triangle, this was only the case 418 

for respectively 20.8%, 18.0% and 12.4% of the respondents. This is not in accordance with previous 419 

literature suggesting that describing the behavior of others and as such indicate what is the normal or 420 

typical thing to do in a certain situation (i.e. norm messaging in the present study) is more influential 421 

then proscribing behavior and as such indicate what others consider appropriate behavior (i.e. 422 

substitution messages in the present study) (25). However, it is difficult to validate the above results, as 423 

nudges are meant to change people  unconsciously whereas the questions in the short interviews 424 

assumed that it was a conscious choice. 425 

Strengths 426 

An important strength of this study is the fact that it was conducted in a real-life setting. Real-life studies 427 

typically have a higher external validity, meaning that the results are more generalizable to real-life 428 

situations. Second, the mixed-methods approach allowed us to collect important information on how 429 

the intervention was perceived by the target audience. Such subjective information is important 430 

towards future implementation of the intervention. Third, the evaluation of long-term effects is an 431 

important strength of this study, especially as previous research showed the need for studies 432 

investigating long-term effectiveness of dietary interventions within student populations (54). Finally, a 433 

distinction based on occupation (students versus staff), sex, and job types among staff was taken into 434 

account. 435 

Limitations 436 

A limitation of the present study was the lack of a control setting, which was not possible as there are 437 

no similar on-campus restaurants available with comparable food availability. Obviously, it was also not 438 

possible to create a control group within the same sample of customers, as the interventions were 439 

visible for every customer. It was therefore not possible to control for seasonal effects in terms of fruit 440 

availability (as the availability of fruits is season-dependent), nor for seasonal effects in terms of fruit 441 

consumption (as people may be more likely to choose fruit desserts in spring or autumn than in winter), 442 
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nor for testing effects or for other extraneous variables rather than the present intervention, such as 443 

exposure to ongoing national health  The above may 444 

have compromised the internal validity of the study conducted in a real-life setting. Secondly, cash 445 

register officers as well as customers were not blinded for the intervention as they were exposed to the 446 

nudges in the restaurant and the extra actions performed at the cash registers. This may have resulted 447 

in performance bias. Additionally, no independent caterer records were available to rate intra and inter-448 

rater reliability. This could have biased the results. However, no information regarding the aim of the 449 

study or the expected results were communicated with the cash register officers to restrict bias to a 450 

minimum. Another shortcoming was that only the amount of purchased fruits chosen as a dessert with 451 

the menu was registered, which does not necessarily match with the actual fruit consumption at 452 

lunchtime (as people may consume their dessert at a later moment of the day or not at all), while this 453 

is the most preferred outcome measure. Furthermore, it was not possible to detect possible 454 

compensational behavior throughout the rest of the day as again only purchase information was 455 

collected and not daily dietary intake. Fourth, due to a power outage on one day during the second 456 

intervention week, a 15-minute frame of registering was missing. As only relative count data (i.e. 457 

percentages) were used for the analyses, we do not expect this to have influenced the study results. 458 

Fifthly, despite the ensured constant availability of desserts and the intention to serve the same desserts 459 

every week, we noticed that one specific type of fruit (tangerines) was not constantly present during 460 

the Food Triangle + green heart + substitution message + norm  intervention. As tangerines 461 

are popular among the university restaurant customers, this may have led to biased results during week 462 

4. Sixthly, as not all interventions were introduced in the restaurant setting at the same time, potential 463 

bias in the examination of the results could have occurred due to this difference in exposure time. 464 

However, it was not possible to make statistical adjustments for time as only count data were obtained 465 

for this experiment. Another limitation of the current study is that no cumulative effects or contributions 466 

of the individual components could be verified in this study as these were confounded by length of 467 

 Furthermore, one could argue that manipulating vegetable 468 
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consumption is at least as important given its well-established link with reduced obesity and general 469 

health (57). However, in the current study, the choice to affect fruit consumption (as part of dessert) 470 

instead of e.g. vegetable consumption was rather based on practical reasons. In the on-campus free 471 

flow restaurant all six menu options contain vegetables, and consumers already have the possibility to 472 

have an extra portion of vegetables if they wish. Furthermore, two of the menu options are vegetarian 473 

or vegan. So, customers generally have a sufficient portion of vegetables on their plate when choosing 474 

for one of the menus, which might lead to ceiling effects. Additionally, it was kept in mind that not 475 

everyone likes meat-476 

difficult to nudge customers towards e.g. the vegetarian/vegan menu. Moreover, as there are only two 477 

vegetarian/vegan menus available we would restrict customers too much in their choice. Furthermore, 478 

it goes without saying that fruit is a healthier option than the other desserts available at the restaurant, 479 

while this cannot be said for all meat substitutes provided in the vegetarian or vegan menu. Finally, the 480 

majority (70.7%) of the short interviews were answered by students versus 29.3% by university staff. 481 

This did not correspond with the actual ratio of students (53.5% on average) and staff (46.5% on 482 

average) eating in the restaurant during the intervention period. This may limit the generalizability of 483 

the short interview results, however, as short interviews were added with the purpose to receive 484 

eptability of the interventions no statistical 485 

procedures were conducted on these data. 486 

CONCLUSIONS 487 

Displaying the green hearts together with the Flemish Food Triangle resulted in significant short-term 488 

increases in fruit purchases across almost all subgroups. Nevertheless, the combination of all 489 

intervention components was effective in the long term, as increased fruit purchase remained present 490 

for nearly all subgroups after 35 weeks from baseline. A large part of the short interview respondents 491 

thought the implementation of these interventions was a good idea. Though, the visibility of the 492 

intervention materials was weak to moderate and the majority of respondents indicated that the 493 

intervention materials did not influence their dessert choice.  494 



26 
 

ACKNOWLEDGEMENTS 495 

The authors want to thank Philippe Merckx (manager of the university restaurant) and Leen Cleymans 496 

(dietician of the university restaurant), together with all other kitchen staff for their contribution 497 

regarding the practical implementation of this experiment. We also want to thank all students 498 

contributing in the short interview data collection. Finally, we want to thank all students and staff 499 

members participating in this study. 500 

REFERENCES 501 

1.  Vlaams Instituut Gezond Leven. https://www.gezondleven.be/. Vlaamse Overheid. 2018.  502 

2.  Vlaams Instituut Gezond Leven. Opvolger actieve voedingsdriehoek letterlijk op zijn kop | 503 
Vlaams Instituut Gezond Leven [Internet]. 2017 [cited 2018 Aug 16]. Available from: 504 
https://www.gezondleven.be/nieuws/opvolger-actieve-voedingsdriehoek-letterlijk-op-zijn-kop 505 

3.  17.  506 

4.  Vlaams Instituut Gezond Leven. Onderbouwing inhoudelijke visie Voeding en gezondheid. 507 
Achtergronddocument bij vernieuwde richtlijnen en visuele voorstelling van de 508 
voedingsdriehoek (2017). 2017; Available from: 509 
https://www.gezondleven.be/files/voeding/Achtergronddocument-Voeding-en-gezondheid.pdf 510 

5.  Vlaams Instituut Gezond Leven. Onderbouwing inhoudelijke visie Voeding en duurzaamheid. 511 
Achtergronddocument bij vernieuwde richtlijnen en visuele voorstelling van de 512 
voedingsdriehoek (2017). 2017; Available from: 513 
https://www.gezondleven.be/files/voeding/Achtergronddocument_Voeding-en-514 
duurzaamheid.pdf 515 

6.  Bel S, Lebacq T, Ost C, Teppers E. Rapport 1: Voedingsgewoonten, antropometrie en 516 
voedingsbeleid. Samenvatting van de onderzoeksresultaten. Voedselconsumptiepeiling 2014-517 
2015 WIV-ISP, Brussel. 2015;  518 

7.  Drieskens S. GEZONDHEIDSENQUETE 2013 Rapport 3: Gebruik van gezondheids- en 519 
welzijnsdiensten. 2013;90. Available from: https://his.wiv-isp.be/nl/Gedeelde  520 
documenten/GP_NL_2013.pdf 521 

8.  Sanchez-Romero L, Pineda E, Brown M, Jaccard A, McPherson K, Webber L, et al. 522 
Forecasting/projecting adulthood obesity in 53 WHO EU region countries. A report for the 523 
World Health Organization (unpublished report). World Heal Organ. 2015;  524 

9.  Fung TT, Rimm EB, Spiegelman D, Rifai N, Tofler GH, Willett WC, et al. Association between 525 
dietary patterns and plasma biomarkers of obesity and cardiovascular disease risk 1  3. 2001;  526 

10.  De Ridder K, Lebacq T, Ost C, Teppers E, Brocatus L. Rapport 4: De consumptie van 527 
voedingsmiddelen en de inname van voedingstoffen. Samenvatting van de 528 
onderzoeksresultaten. Teppers E, Tafforeau J (ed). 2016;Voedselcon(WIV-ISP).  529 

11.  Arganini C, Turrini A, Saba A, Virgili F, Comitato R. Gender Differences in Food Choice and 530 
Dietary Intake in Modern Western Societies. 2011;  531 



27 
 

12.  Smitasiri S, Uauy R. Beyond recommendations:Implementing food-based dietary guidelines for 532 
healthier populations. Food Nutr Bull. 2007;28(1):S141 51.  533 

13.  Van Kleef E, Vrijhof M, Polet IA, Vingerhoeds MH, de Wijk RA. Nudging children towards whole 534 
wheat bread: a field experiment on the influence of fun bread roll shape on breakfast 535 
consumption. BMC Public Health [Internet]. 2014;14(1):906. Available from: 536 
http://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-906 537 

14.  Kroese FM, Marchiori DR, De Ridder DTD. Nudging healthy food choices: A field experiment at 538 
the train station. J Public Heal (United Kingdom). 2016;38(2):e133 7.  539 

15.  -win environmental 540 
measure. Econ Lett [Internet]. 2013;119(3):325 7. Available from: 541 
http://dx.doi.org/10.1016/j.econlet.2013.03.019 542 

16.  Olstad DL, Goonewardene LA, McCargar LJ, Raine KD. Choosing healthier foods in recreational 543 
sports settings: a mixed methods investigation of the impact of nudging and an economic 544 
incentive. Int J Behav Nutr Phys Act [Internet]. 2014;11(1):6. Available from: 545 
http://www.scopus.com/inward/record.url?eid=2-s2.0-84892663533&partnerID=tZOtx3y1 546 

17.  Geaney F, Kelly C, Di Marrazzo JS, Harrington JM, Fitzgerald AP, Greiner BA, et al. The effect of 547 
548 

and health status: A cluster controlled trial. Prev Med (Baltim) [Internet]. 2016;89:76 83. 549 
Available from: http://dx.doi.org/10.1016/j.ypmed.2016.05.005 550 

18.  Thaler RH, Sunstein CR. Nudge - Improving Decisions about Health, Wealth, and Happiness. Vol. 551 
53, Journal of Chemical Information and Modeling. 2008. 1689-1699 p.  552 

19.  Thorndike AN, Riis J, Sonnenberg LM, Levy DE. Traffic-light labels and choice architecture: 553 
Promoting healthy food choices. Am J Prev Med. 2014;46(2):143 9.  554 

20.  Deliens T, Van Crombruggen R, Verbruggen S, De Bourdeaudhuij I, Deforche B, Clarys P. Dietary 555 
interventions among university students: A systematic review. Appetite. 2016;105:14 26.  556 

21.  Harnack LJ, French SA. Effect of point-of-purchase calorie labeling on restaurant and cafeteria 557 
8.  558 

22.  Levy DE, Riis J, Sonnenberg LM, Barraclough SJ, Thorndike AN. Food choices of minority and 559 
low-income employees: A cafeteria intervention. Am J Prev Med. 2012 Sep;43(3):240 8.  560 

23.  Chen HJ, Weng SH, Cheng YY, Lord AYZ, Lin HH, Pan WH. The application of traffic-light food 561 
labelling in a worksite canteen intervention in Taiwan. Public Health [Internet]. 2017;150:17562 
25. Available from: http://dx.doi.org/10.1016/j.puhe.2017.04.005 563 

24.  Schuldt JP. Does Green Mean Healthy? Nutrition Label Color Affects Perceptions of 564 
Healthfulness. Health Commun. 2013;28(8):814 21.  565 

25.  Stok FM, De Ridder DTD, De Vet E, De Wit JBF. 566 
do: The influence of descriptive and injunctive peer norms on fruit consumption in adolescents. 567 
Br J Health Psychol. 2014;19(1):52 64.  568 

26.  Di Noia J, Cullen KW. Fruit and Vegetable Attitudes, Norms, and Intake in Low-Income Youth. 569 
Heal Educ Behav. 2015 Dec;42(6):775 82.  570 

27.  Wansink B, Hanks AS. Calorie reductions and within-571 
meal combos. Obesity. 2014;22(3):630 2.  572 

28.  Miller N, Reicks M, Redden JP, Mann T, Mykerezi E, Vickers Z. Increasing portion sizes of fruits 573 
and vegetables in an elementary school lunch program can increase fruit and vegetable 574 



28 
 

consumption. Appetite [Internet]. 2015;91:426 30. Available from: 575 
http://dx.doi.org/10.1016/j.appet.2015.04.081 576 

29.  Hubbard KL, Bandini LG, Folta SC, Wansink B, Eliasziw M, Must A. Impact of a Smarter 577 
Lunchroom intervention on food selection and consumption among adolescents and young 578 
adults with intellectual and developmental disabilities in a residential school setting. Public 579 
Health Nutr [Internet]. 2015;18(02):361 71. Available from: 580 
http://www.journals.cambridge.org/abstract_S1368980014000305 581 

30.  Deliens T, Deforche B, Annemans L, De Bourdeaudhuij I, Clarys P. Effectiveness of Pricing 582 
strategies on French fries and fruit purchases among university students: Results from an on-583 
campus restaurant experiment. PLoS One. 2016;11(11):1 16.  584 

31.  The effect of a portion 585 
size intervention on French fries consumption, plate waste, satiety and compensatory caloric 586 
intake: An on-campus restaurant experiment. Nutr J. 2018;17(1):1 12.  587 

32.  Missbach B, König JS. Middle choice preference and snack choice: The role of self-regulatory 588 
resources to nudge healthier food choice. Food Qual Prefer [Internet]. 2016;53:127 31. 589 
Available from: http://dx.doi.org/10.1016/j.foodqual.2016.06.007 590 

33.  Nikolaou CK, Hankey CR, Lean MEJ. Effects of calorie labelling on macro- and micro-nutrients in 591 
main-meal choices made by young adults. Eur J Clin Nutr [Internet]. 2016;70(3):386 92. 592 
Available from: http://dx.doi.org/10.1038/ejcn.2015.175 593 

34.  Roy R, Beattie-Bowers J, Ang SM, Colagiuri S, Allman-Farinelli M. The Effect of Energy Labelling 594 
on Menus and a Social Marketing Campaign on Food-Purchasing Behaviours of University 595 
Students. BMC Public Health [Internet]. 2016;16(1):1 11. Available from: 596 
http://dx.doi.org/10.1186/s12889-016-3426-x 597 

35.  Moran AJ, Khandpur N, Polacsek M, Thorndike AN, Franckle RL, Boulos R, et al. Make It Fresh , 598 
r Intervention to Promote 599 

Healthy Purchases Among Families With Children. J Nutr Educ Behav [Internet]. 600 
2019;51(4):400 8. Available from: https://doi.org/10.1016/j.jneb.2019.01.012 601 

36.  Morley B, Scully M, Martin J, Niven P, Dixon H, Wakefield M. What types of nutrition menu 602 
labelling lead consumers to select less energy-603 
Appetite [Internet]. 2013;67:8 15. Available from: 604 
http://dx.doi.org/10.1016/j.appet.2013.03.003 605 

37.  James A, Adams-huet B, Shah M. Menu Labels Displaying the Kilocalorie Content or the 606 
607 

2015;29(5):294 303.  608 

38.  Roseman MG, Joung H, Choi EC, Kim H. The effects of restaurant nutrition menu labelling on 609 
lthy eating behaviours. 2017;2000(11):1 8.  610 

39.  -Analytic Review of 611 
-Analytic Review of Research. 612 

2014;(September 2005).  613 

40.  John P.A. Ioannidis. The Proposal to Lower P Value Thresholds to .005. Am Med Assoc. 614 
2018;319(17):1429 30.  615 

41.  Silverman D. Qualitative Research: Theory, Method and Practice. Second edi. Publications, 616 
SAGE; 2004. 378 p.  617 

42.  Feldman CH, Hartwell H, Brusca J, Su H, Zhao H. Nutrition information and its influence on 618 



29 
 

menu choice within higher education establishments. Br FOOD J. 2015;117(4):1399 410.  619 

43.  Seward MW, Block JP, Chatterjee A. A traffic-light label intervention and dietary choices in 620 
college cafeterias. Am J Public Health. 2016;106(10):1808 14.  621 

44.  Cecchini M, Warin L. Impact of food labelling systems on food choices and eating behaviours: A 622 
systematic review and meta-analysis of randomized studies. Obes Rev. 2016;17(3):201 10.  623 

45.  Di Noia J, Cullen KW. Fruit and Vegetable Attitudes, Norms, and Intake in Low-Income Youth. 624 
Heal Educ Behav. 2015;42(6):775 82.  625 

46.  TNS. Evaluatieonderzoek over de actieve voedingsdriehoek bij burgers en bij intermediairs. 626 
2013.  627 

47.  Brown KA, Timotijevic L, Barnett J, Shepherd R, Lähteenmäki L, Raats MM. A review of 628 
consumer awareness, understanding and use of food-based dietary guidelines. Br J Nutr. 629 
2011;106(1):15 26.  630 

48.  631 
632 

300.  633 

49.  Kolodinsky J, Harvey-Berino JR, Berlin L, Johnson RK, Reynolds TW. Knowledge of Current 634 
Dietary Guidelines and Food Choice by College Students: Better Eaters Have Higher Knowledge 635 
of Dietary Guidance. J Am Diet Assoc. 2007;107(8):1409 13.  636 

50.  Niebylski ML, Lu T, Campbell NRC, Arcand J, Schermel A, Hua D, et al. Healthy food 637 
procurement policies and their impact. Int J Environ Res Public Health. 2014;11(3):2608 27.  638 

51.  - An investigation into 639 
640 

policies, systems and management. BMC Public Health. 2015;15(1):1 13.  641 

52.  642 
300.  643 

53.  Cárdenas MK, Benziger CP, Pillay TD, Miranda JJ. The effect of changes in visibility and price on 644 
fruit purchasing at a university cafeteria in Lima, Peru. Public Health Nutr. 2015;18(15):2742 9.  645 

54.  Deliens T, Van Crombruggen R, Verbruggen S, De Bourdeaudhuij I, Deforche B, Clarys P. Dietary 646 
interventions among university students: A systematic review. Appetite. 2016;105:14 26.  647 

55.  Arganini C, Saba A, Comitato R, Virgili F, Turrini A. Gender Differences in Food choice and 648 
Dietary Intake in Modern Western Societies. Intech open. 2018;2:64.  649 

56.  De Ridder K, Lebacq T, Ost, C, Teppers E& B. VOEDSELCONSUMPTIEPEILING 2014-2015 650 
RAPPORT 4: DE CONSUMPTIE VAN VOEDINGSMIDDELEN EN DE INNAME VAN 651 
VOEDINGSTOFFEN. 2016;  652 

57.  World Health Organization. Increasing fruit and vegetable consumption to reduce the risk of 653 
noncommunicable diseases [Internet]. 2019 [cited 2019 Jul 31]. Available from: 654 
https://www.who.int/elena/titles/fruit_vegetables_ncds/en/ 655 

 656 



Figure 1. Flemish Food Triangle (English version)



Figure 2. Flowchart of labeling and POP messaging intervention 
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Figure 3. Left: Picture of the renewed food triangle; right: overview of the food triangle poster at the entrance, at the 
fruit stands and in the restaurant



 
Figure 4. Left: Picture of the green heart icons; right: Overview of the green heart icons at the fruit stands 

 



   
Figure 5. Above left: p  ; 
Above right + under: overview of the replacement messages at the non-fruit dessert and ice cream stands 

 



Figure 6. Above left: picture of the fruit norm; above right: overview of the implementation of the fruit norm at the 
fruit stands; under: all interventions combined

Already 53% of 
the restaurant 
visitors choose 
fruit as dessert.



Figure 7. Intervention effects for the total sample, students and staff 
* significantly different compared to week 0 (baseline) 



Figure 8. Intervention effects for male and female students 
* significantly different compared to week 0 (baseline)



Figure 9. Intervention effects for male and female staff 
* significantly different compared to week 0 (baseline) 



Figure 10. Intervention effects for staff according to socio-economic status
* significantly different compared to week 0 (baseline) 



Figure 11. Short interview opinions about labeling and POP messaging interventions with the numbers in each box 
indicating how many participants of the short interviews were sharing the opinion(s).



Appendix 1. Semi-structured questionnaire used for the short interviews 
Sex  Men 

 Women 

Age (years)  

You are?  VUB student   VUB staff C 
 VUB staff A    Other 
 VUB staff B 

Height (m)  

Weight (kg)  

What kind of dessert did you choose today?  Fruit    Cookie 
 Yoghurt    Ice cream 
 Pudding   Other 

Did you notice any of the following interventions: Food Triangle 
posters, green heart, substitution message, fruit norm? 

 Yes 
 No 

If yes, which one did you notice?   Poster Food Triangle 
 Substitution message 
 Green heart 
 Fruit norm 

Did you adjust your dessert choice because of this?  Yes 
 No 

If yes, my first choice was:  Fruit    Cookie 
 Yoghurt    Ice cream 
 Pudding   Other 

If yes, I changed my choice into:  Fruit    Cookie 
 Yoghurt    Ice cream 
 Pudding   Other 

To what extent did the Food Triangle poster influence your 
dessert choice?  

 I did not notice   Not sure 
 Not at all   Rather yes than no 
 Rather no than yes  Completely  

To what extent did the green hearts influence your dessert 
choice? 

 I did not notice   Not sure 
 Not at all   Rather yes than no 
 Rather no than yes  Completely  

To what extent did the substitution message influence your 
dessert choice? 

 I did not notice   Not sure 
 Not at all   Rather yes than no 
 Rather no than yes  Completely  

To what extent did the fruit norm influence your dessert choice?  I did not notice   Not sure 
 Not at all   Rather yes than no 
 Rather no than yes  Completely  

Do you think it is a good idea to sensitize people this way in order 
to convince them to eat more fruit? 

 I did not notice   Not sure 
 Not at all   Rather yes than no 
 Rather no than yes  Completely  

Why do you think it is a good/bad idea?  

 



Appendix 2. Distribution of the influence of the different intervention materials on dessert choice 

 Total sample Students Staff Men Women 

Influence of Food Triangle (only 
for participants who noticed the 
intervention) (%) 

     

 Not at all 61.3 62.0 59.0 64.3 58.3 

 Rather not 25.7 25.6 25.8 26.2 25.2 

 Neutral 3.6 3.8 3.1 1.8 5.5 

 Rather yes 7.9 6.8 10.3 5.4 10.4 

 Totally 1.5 1.7 1.0 2.4 0.6 

Influence of green heart (only for 
participants who noticed the 
intervention) (%) 

     

 Not at all 51.1 51.0 51.3 50.8 51.2 

 Rather not 30.9 32.0 28.2 33.9 28.7 

 Neutral 2.2 2.0 2.6 1.7 2.5 

 Rather yes 15.1 14.0 17.9 11.9 17.5 

 Totally 0.7 1.0 0.0 1.7 0 

Influence of substitution message 
(only for participants who noticed 
the intervention) (%) 

     

 Not at all 39.3 39.5 38.9 43.9 35.4 

 Rather not 27.9 27.9 27.8 28.1 27.7 

 Neutral 8.2 7.0 11.1 10.5 6.2 

 Rather yes 23.8 25.6 19.4 15.8 30.8 

 Totally 0.8 0.0 2.8 1.8 0 

Influence of fruit norm (only for 
participants who noticed the 
intervention) (%) 

     

 Not at all 52.4 50.8 56.0 57.5 48.4 

 Rather not 26.8 28.8 22.0 23.3 29.5 

 Neutral 3.6 2.5 6.0 6.8 1.1 

 Rather yes 14.3 15.3 12.0 11.0 16.8 

 Totally 3.0 2.5 4.0 1.4 4.2 

 


