
Gamified Learning for Sustainable Eating:  Exploring the Role of Prior Knowledge and 
Readiness to Change

Otten, Leonie1,2, Brockmeyer, Maja1 & Eitze, Sarah1,2

1 Institute for Planetary Health Behaviour (IPB), University of Erfurt, Nordhäuser Str. 63, 99089 
Erfurt, Germany
2 Bernhard Nocht Institute for Tropical Medicine, Bernhard-Nocht-Straße 74, 20359 Hamburg, 
Germany

* Corresponding author

leonie.otten@uni-erfurt.de

+493617374165

Institute for Planetary Health Behaviour (IPB)

University of Erfurt

Nordhäuser Str. 63

99089 Erfurt, Germany

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


Gamified Learning for Sustainable Eating: 

Exploring the Role of Prior Knowledge and Readiness to Change

Abstract

Background: Dietary habits play a central role in the transition toward a more sustainable food 

system. However, many consumers lack an understanding of the principles of sustainable 

eating.

Objective: This study examined whether a gamified quiz could enhance knowledge about the 

environmental impact of food. Additionally, it explored the role of prior knowledge and 

readiness for change, based on the Transtheoretical Model (TTM), in the learning process.

Methods: A quasi-experimental, cross-sectional study with a pre-post design was conducted 

with 338 participants. Knowledge about sustainable eating was measured using a newly 

developed and piloted scale, and readiness for change was assessed using an adapted version 

of the TTM measures. The data were analyzed using t-tests, regression analyses, and variance 

analyses.

Results: The quiz led to a significant increase in knowledge, particularly among participants 

with low prior knowledge. Contrary to expectations, no significant differences in knowledge 

gain were observed based on readiness to change, as defined by the Transtheoretical Model.

Conclusion: Gamification has the potential to enhance knowledge about sustainable eating. 

Further research with more diverse samples and comprehensive measurement tools is needed 

to better understand the long-term effects on knowledge and to promote sustainable nutrition 

education in practice.

Keywords: CO2, carbon footprint, sustainable nutrition, sustainable eating, prior knowledge, 
transtheoretical model, readiness to change, gamification, quiz
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1 1 Introduction

2 Anthropogenic climate change is one of the greatest challenges of our time. Without a 

3 rapid, substantial, and sustained reduction in CO₂ and other greenhouse gas emissions, the 

4 direct consequences of climate change and its impacts on human health, food and water 

5 security, and socioeconomic systems will become irreversible (1,2).

6 One of the major sources of greenhouse gas emissions is the food industry. The global 

7 food system, including land use, supply chains, refrigeration, and consumption, is responsible 

8 for approximately one-quarter to one-third of global greenhouse gas emissions (3,4). Animal-

9 based products contribute significantly to these emissions. Estimates suggest that 57% of 

10 food-related greenhouse gas emissions originate from animal products, while plant-based 

11 foods account for only 29% (5). Nevertheless, meat and other animal products remain a 

12 fundamental part of many diets, particularly in Western countries (6). To mitigate their 

13 environmental impact, more sustainable dietary patterns have been proposed, such as the 

14 Planetary Health Diet, which has become the global reference for a sustainable diet (7–9). 

15 This dietary pattern is primarily based on fruits and vegetables, whole grains, legumes, nuts, 

16 and unsaturated fats, complemented by moderate amounts of fish and poultry. In contrast, 

17 starchy vegetables, dairy products, red meat, sugar, and saturated fats play a minor role (9).

18 A shift in average dietary patterns in Germany toward a predominantly plant-based 

19 diet could yield substantial environmental and public health benefits. Studies have indicated 

20 that a vegetarian diet could reduce food-related greenhouse gas emissions by 20% to 47%, 

21 while a vegan diet could lead to a reduction of 38% to 52% (10). On a global scale, such a 

22 shift could even result in emission reductions of 60% to 70% (11). Beyond ecological 

23 advantages, plant-based diets offer significant health benefits; they have been associated with 

24 a reduced risk of noncommunicable diseases, such as type 2 diabetes, cardiovascular 

25 diseases, and various types of cancer, and a decrease in overall mortality (9,12–14). The 
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26 combination of healthy, sustainable dietary choices and the transformation of food systems is 

27 therefore essential in mitigating both climate change and the increasing prevalence of chronic 

28 diseases.

29 However, the amount of food consumed in Germany differs significantly from 

30 recommendations for a sustainable diet (15). In particular, the intake of vegetables, fish, and 

31 oils is well below the recommended levels, whereas the consumption of meat—especially red 

32 meat—and sugar is considerably higher (15). Researchers have identified numerous reasons 

33 why consumers struggle to align their eating habits with sustainability goals, one of which is 

34 a lack of knowledge about the environmental impact of food production and consumption 

35 (16–18). Studies have shown that consumers often fail to accurately assess the environmental 

36 impact of their food choices (19). They underestimated the environmental burden of meat 

37 products, particularly organically and domestically produced meat, as well as vegetarian, 

38 protein-rich products. At the same time, they overestimated the impact of packaging, 

39 transport distances, and conventionally produced food (20–22). A key approach to 

40 transforming the food system is therefore to raise consumer awareness of sustainable food 

41 choices (23).

42 To achieve a shift toward healthy, sustainable diets, the literature, among other things, 

43 highlights the enhancement of consumer education and awareness through clear and simple 

44 communication (24). Comprehensive knowledge is considered a key prerequisite for 

45 behavioral change, as it can enhance understanding of the issue and positively influence 

46 attitudes (25). Studies have shown that individuals with higher environmental awareness were 

47 more likely to make eco-friendly choices and were more willing to reduce their meat 

48 consumption for environmental reasons (6,22,23,26). Although increased environmental 

49 awareness does not necessarily lead to sustainable behavior—since situational, 

50 socioeconomic, or structural factors, such as product availability, can influence its 
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51 effectiveness—it remains a crucial prerequisite for changing attitudes and behavioral 

52 intentions (25,27). Moreover, it can serve as a precursor to the acceptance of more invasive 

53 measures, such as higher taxes, bans, or regulatory requirements (28).

54 More recently, gamification has gained traction in the field of environmental 

55 sustainability (29), and research suggests that gamification can increase players’ awareness 

56 and understanding of how their actions impact the environment (27,30). However, there is a 

57 lack of studies specifically addressing sustainable nutrition (31) and studies grounded in 

58 theoretical frameworks, although theory-based games have been shown to be more effective 

59 (27,32,33). 

60 Therefore, in this study, we aimed to increase knowledge about the environmental 

61 impact of food in an easily comprehensible manner. To achieve this, we developed a 

62 gamified quiz and used the Transtheoretical Model (TTM) to assess the role of prior 

63 knowledge and readiness for change. The participants’ knowledge significantly increased 

64 after the quiz, especially among those with low prior knowledge. Readiness for change, as 

65 measured by the TTM, showed no effect on prior knowledge or knowledge gain.

66

67 2 Hypotheses

68 To gain an overview of the current state of research on gamification, we conducted a 

69 systematic literature review regarding the use of game-based learning in the context of 

70 sustainability. We included 16 observational studies or randomized controlled trials published 

71 between 2014 and 2024 with changes in knowledge, understanding, or awareness as 

72 outcomes. The search string and the literature selection process are documented in the 

73 supplement (S1 Table, S1 Figure).

74 A key advantage of gamification is its potential to enhance learner engagement and 

75 promote long-term knowledge retention more effectively than traditional paper-based 
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76 learning methods (32). Interactive and game-based learning methods such as quizzes (a) 

77 foster intrinsic motivation and enable players to actively assess and consolidate their 

78 knowledge (33), (b) promote the reflection process, which is considered an important link 

79 between learning and knowledge, and (c) support long-term knowledge retention (34). 

80 Therefore, we expected that the quiz format in this study would increase participants’ 

81 knowledge of ecologically sustainable diets:

82 H1 (Quiz Hypothesis): Participants will show significantly higher knowledge about 

83 ecologically sustainable diets after completing the quiz than before participating.

84 In cognitive psychology, prior knowledge is considered a key factor in the learning 

85 process. Learners with extensive prior knowledge process new information more efficiently 

86 because they can integrate it better into existing knowledge networks (35). Studies have 

87 shown that learners with higher prior knowledge tend to perform better on tests (36). 

88 Therefore, it is expected that participants with higher prior knowledge will achieve better 

89 results in this studies’ quiz:

90 H2 (Prior Knowledge Hypothesis): The higher the participants’ prior knowledge of 

91 ecologically sustainable diets, the more quiz questions they will answer correctly.

92 Additionally, the relationship between prior knowledge and improvement potential in 

93 the knowledge test will be examined. Learners with lower prior knowledge tend to achieve 

94 greater knowledge gains because they have more room for improvement (37). Therefore, we 

95 expected that participants with lower prior knowledge would benefit more from the quiz:

96 H3 (Prior Knowledge Improvement Hypothesis): Participants with lower prior 

97 knowledge of ecologically sustainable diets will show greater improvement in their 

98 knowledge than participants with high prior knowledge.
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99 Research on the TTM suggests that individuals in the early stages of behavior change 

100 have a lower awareness of the environmental impacts of dietary patterns and are therefore 

101 less likely to implement sustainable eating recommendations (38,39). On the other hand, 

102 individuals in later stages show greater awareness and adapt their eating habits accordingly 

103 (40–42). This suggests that prior knowledge of sustainable diets will correlate with the stage 

104 of behavior change according to the TTM:

105 H4 (Stage Hypothesis): The further the behavior change stage in the 

106 Transtheoretical Model, the higher the participants’ prior knowledge of ecologically 

107 sustainable diets.

108 Additionally, Prochaska and Velicer (43) emphasized that stage-based interventions 

109 are critical for successful behavior change. Individuals in the early stages particularly benefit 

110 from interventions that raise awareness of the consequences of their behaviors, while 

111 individuals in the advanced stages require support in implementing and maintaining new 

112 behaviors (44). It is therefore expected that participants in the early stages of the TTM will 

113 respond more strongly to the quiz:

114 H5 (Stage Improvement Hypothesis): Participants in the early stages of the 

115 Transtheoretical Model will show greater improvement in their knowledge than participants 

116 in the advanced stages.

117 All hypotheses have been preregistered in the spirit of Open Science and can be 

118 accessed at: 

119 [https://osf.io/m4xnz/?view_only=b858910b5fba44418223167889ce1280].

120
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121 3 Materials and Methods

122 The study had a quasi-experimental, mixed-subject design: the within-subject factor 

123 time with two measurement points (pre- and post-quiz) and the between-subject factor TTM 

124 group following the three stages of readiness to adopt sustainable eating habits: (1) 

125 precontemplation/contemplation, (2) preparation, and (3) action/maintenance according to 

126 Culliford and Bradbury (40). Full measurements and the questionnaire are openly available 

127 on OSF [https://osf.io/m4xnz/?view_only=b858910b5fba44418223167889ce1280].

128

129 3.1 Sample and Data Collection

130 Data collection took place between 26.06.2024 and 31.07.2024 via an online 

131 questionnaire (EFS survey by Questback). Participants were recruited via social media 

132 (Instagram, Facebook, and LinkedIn) and research platforms (SurveyCircle and PollPool). 

133 We excluded participants who (1) did not complete the full survey, (2) were younger than 18 

134 years, or (3) failed the attention check, resulting in a final sample of N = 338 participants. An 

135 a priori power analysis for repeated measures analysis of variance (ANOVA) (G*Power; 

136 (45)) indicated a required sample size of N = 294 (power = 0.8, alpha = 0.05, effect size f = 

137 0.1).

138 The participants’ mean age was M = 34.2 (SD = 12.7, [18-78]); 63.9% were female. 

139 The majority (83.5%) had at least 10 years of schooling with qualifications for higher 

140 education. The participants indicated the following dietary habits: omnivore (34.6%), 

141 flexitarian (34.3%), vegetarian (16.0%), flexigan (8.0%), and vegan (7.1%).

142

143 3.2 Measurements

144 To group participants according to the stages of the TTM, we measured their 

145 readiness to adopt sustainable eating behaviors using an adapted version of the TTM 

146 measure by Weller (46). The participants rated five behaviors based on the British Dietary 
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147 Association guidelines for a sustainable diet: (1) buying locally grown produce, (2) avoiding 

148 excessive packaging, (3) avoiding air-freighted food, (4) consuming seasonal produce, and 

149 (5) limiting meat consumption to 1–2 times per week. Response options ranged from 1 = not 

150 considering it (precontemplation) to 5 = doing it most of the time (maintenance), reflecting 

151 the TTM phases (47). Item 5 was excluded to improve scale reliability (Cronbach’s alpha = 

152 0.69). Due to low response rates in several stage categories, the five stages of change were 

153 combined into three for statistical analysis: precontemplation and contemplation, preparation, 

154 and action and maintenance. 

155 The participants’ knowledge about sustainability and nutrition was assessed with 10 

156 single-choice questions; 5 adapted from the literature (26,47,48) and 5 developed to address 

157 missing content. Questions assessed both system knowledge (e.g., “What does the term 

158 carbon footprint mean?”) and action-related knowledge (e.g., “Which of the following diets is 

159 ecologically sustainable?”). Questions were arranged with increasing difficulty. Correct 

160 answers earned one point, and incorrect answers earned zero points. To minimize recall 

161 effects, a parallel set of items was used for the post-test with randomized answer choices to 

162 prevent response biases. Constructed and parallel items are displayed in the supplement (S2 

163 Table). 

164

165 3.3 Intervention: The Quiz

166 We developed an interactive quiz on the environmental impact of various food groups 

167 to enhance knowledge about sustainable nutrition and encourage reflection. The quiz content 

168 was based on scientific calculations of food-related environmental impacts (50,51) and 

169 incorporated multimedia, game-based, and motivational elements, as recommended by Abdul 

170 Jabbar and Felicia (52).

171 The quiz comprised three sections:

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


172 1. Introduction: Explanation of the learning objective and game rules (e.g., option to skip or 

173 revisit questions).

174 2. Main Part: An interactive quiz in which participants selected the food item with the 

175 lowest or highest carbon footprint from three choices. The quiz covered six categories: (1) 

176 product type (plant-based vs. animal-based), (2) seasonality (seasonal vs. non-seasonal), 

177 (3) regionality (regional vs. non-regional), (4) import type (ship vs. air freight), (5) dish 

178 type (vegan vs. omnivore), and (6) beverage packaging (returnable glass bottles vs. 

179 composite cartons). Category 1 included two questions, while each of the other categories 

180 included one question, resulting in a total of seven questions. To enhance comprehension, 

181 CO2 equivalents were color-coded (green for low emissions and red for high) (53). The 

182 participants earned one point for each correct response and received immediate feedback 

183 to support learning (54).

184 3. Conclusion: The participants were assigned a knowledge level based on their score: 

185 Knowledge Discoverer (≤3 points), Knowledge Builder (4–5 points), or Knowledge 

186 Master (≥6 points). This digital badge served as a motivational reinforcement (55,56).

187 The quiz in its original German version can be found in the OSF 

188 (https://osf.io/m4xnz/?view_only=b858910b5fba44418223167889ce1280). 

189

190 3.4 Pilot Study

191 A pilot study with 32 German-speaking adults (M = 43.3, SD = 15.4, [22–72]) was 

192 conducted via convenience sampling of messenger services. Items with poor difficulty (>80% 

193 correct responses) or discrimination (<0.2 item-total correlation) were revised. Item difficulty 

194 and discrimination and the revised versions are displayed in the supplement (S2 Table, S3 

195 Table). The final test had acceptable internal consistency (Cronbach’s alpha = 0.72).

196
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197 3.5 Statistical Analysis

198 All analyses were performed using R Studio (R version 4.3.2 (2023-10-31). Raw data 

199 and analysis scripts are available on OSF 

200 (https://osf.io/m4xnz/?view_only=b858910b5fba44418223167889ce1280).

201

202 3.6 Ethical considerations

203 Ethics approval was obtained from the Research Ethics Board of the University of 

204 Erfurt. At the beginning of the questionnaire, the respondents were informed about the study, 

205 data protection policies, their right to withdraw at any time without consequences, and the 

206 voluntary nature of their participation. Written informed consent was obtained from the 

207 respondents before they began the questionnaire.

208

209 4 Results

210 Hypothesis H1 posits that participants’ knowledge scores are significantly higher after 

211 completing the quiz than before. This assumption was tested using a one-sided paired t-test, 

212 with knowledge score as the dependent variable and measurement time point (pre-/post-quiz) 

213 as the independent variable. The paired t-test confirmed a significant increase in knowledge 

214 scores after the quiz (M = 7.64, SD = 1.72) compared to before (M = 6.78, SD = 1.67), t(337) 

215 = 9.79, p < .001, d = .50, 95% CI [.40, .61]. The effect size indicates a moderate effect (57).

216 To test Hypothesis H2, which posits that higher prior knowledge is associated with 

217 higher quiz scores, a linear regression analysis was conducted. The quiz score served as the 

218 dependent variable, while the prior knowledge score was the independent variable. The 

219 regression model was statistically significant and explained a moderate proportion of the 

220 variance in quiz scores, R2 = .15, F(1,336) = 60.54, p < .001. Prior knowledge was a 
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221 significant predictor of quiz performance, B = .30, t(336) = 7.78, p < .001, confirming 

222 Hypothesis H2.

223 To examine the additional association between prior knowledge and age, gender, 

224 education, and dietary habits, an exploratory multiple regression analysis was conducted. 

225 This model was also significant, R2 = .18, F(9,318) = 7.35, p < .001. Prior knowledge 

226 remained a significant predictor (B = .29, t(332) = 6.50, p < .001 ), whereas age (B = .01, 

227 t(332) = 1.39, p = .165), gender (B = .16, t(332 ) = 1.04, p = .299), education (e.g., high 

228 education B = .24, t(332) = 2.87, p = .408), and dietary habits (e.g., vegan diet: B = .38, 

229 t(332) = 1.31, p =.192) did not show significant correlations with prior knowledge. These 

230 additional factors thus do not appear to substantially predict quiz performance, suggesting 

231 that other factors may be relevant. Both models are displayed in Table 1.

232

233 Table 1

234 Linear Regression Analysis for Hypothesis 2 (Model 1) and Exploratory Multiple Regression 
235 Analysis Including Further Predictors

 Quiz Knowledge
Model 1

Quiz Knowledge
Model 2

Predictors Estimates CI p Estimates CI p

(Intercept) 2.81 2.28 – 3.34 <.001 2.74 1.89 – 3.60 <.001

Prior Knowledge 0.30 0.22 – 0.38 <.001 0.29 0.20 – 0.37 <.001

Age 0.01 -0.00 – 0.02 .165

Gender 0.16 -0.14 – 0.45 .299

Education middle (vs. 
low)

-0.34 -0.91 – 0.23 .245

Education high (vs. low) -0.24 -0.80 – 0.33 .408

Vegetarian (vs. 
omnivore)

0.36 -0.06 – 0.78 .092

Vegan (vs. omnivore) 0.38 -0.19 – 0.96 .192

Flexitarian, mainly 
veggie (vs. omnivore)

-0.01 -0.33 – 0.32 .973
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Flexigan, mainly vegan 
(vs. omnivore)

0.22 -0.33 – 0.76 .432

Observations 338 328

R2 / R2 adjusted 0.153 / 0.150 0.176 / 0.153

236

237

238 Hypothesis H3 suggests that participants with lower prior knowledge experience a 

239 greater increase in knowledge scores through the quiz compared to those with higher prior 

240 knowledge. To examine this association, a 2 × 3 mixed-design ANOVA with repeated 

241 measures was conducted, with measurement time point (pre-/post-quiz) as the within-subject 

242 factor and prior knowledge group (low, moderate, high) as the between-subject factor. The 

243 prior knowledge groups (each n >15) were defined as follows: low prior knowledge (M = 

244 4.33, SD = 0.81), moderate prior knowledge (M = 6.49, SD = 0.50), and high prior knowledge 

245 (M = 8.52, SD = 0.66).

246 The ANOVA results can be seen in Table 2. The results revealed a significant 

247 interaction between the measurement time point and the prior knowledge group, F(2,333) = 

248 35.65, p < .001, partial η2 = .08. The Games–Howell post hoc test indicated significant 

249 differences in knowledge gains between all groups (p < .001), with the largest increase 

250 observed in the low prior knowledge group. These findings suggest an association between 

251 lower prior knowledge and greater increases after quiz performance, supporting Hypothesis 

252 H3. Figure 1 shows the interaction between prior knowledge text values and test 

253 improvement.
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254 Table 2

255 ANOVA Results for Knowledge Pre- and Post-Quiz Intervention

Effect Dfn Dfd MSE F ges p

Knowledge groups 2 335 1.459 350.195 0.548 <.001

Time 1 335 1.062 130.071 0.141 <.001

Knowledge groups * Time 2 335 1.062 35.649 0.082 <.001

256

257

258 Figure 1

259 Changes in Knowledge Sum Scores from Prior (left) to Post-Quiz (right)

260
261 Note. Every line from left to right represents a participant. Green lines indicate an increased knowledge sum 
262 score, and red lines indicate a decrease in knowledge sum scores. Gray lines represent the same sum score 
263 before and after the quiz. The interaction effect from the ANOVA to test H3 suggests an association between 
264 lower prior knowledge and greater increases after quiz performance. 
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265 To test Hypothesis H4, which posits that participants’ prior knowledge increases with 

266 the stage of readiness for change according to the TTM, a one-way 3 × 1 ANOVA was 

267 conducted. In this analysis, prior knowledge served as the dependent variable, while the TTM 

268 stages were treated as the independent variable. The TTM stages were grouped into three 

269 categories (each n > 15): precontemplation/contemplation (M = 7.06, SD = 1.06), preparation 

270 (M = 6.99, SD = 1.54), and action/maintenance (M = 6.71, SD = 1.74). The ANOVA revealed 

271 no significant differences in prior knowledge across the TTM stages, F(1, 336) = 1.88, p = 

272 .171, partial η² = .006. Since the assumptions for ANOVA were violated, a more robust 

273 Kruskal–Wallis test was conducted for validation. This test also showed no significant 

274 differences in rank distributions across the groups (each Mdn = 7.00), H(2) = 1.57, p = .457, r 

275 = .09. Figure 2 illustrates the confidence intervals, distributions, and boxplots for the three 

276 groups in the ANOVA.

277 Subsequently, the potential associations between prior knowledge and the factors of 

278 age, gender, and dietary pattern were examined. Table 3 shows the results of an ANCOVA, 

279 controlling for age, gender, education, and nutrition.

280

281 Table 3

282 ANCOVA Results for Prior Knowledge 

Effect DFn DFd F p η²

TTM Categories 1 318 2.298 .131 .007

Age 1 318 0.512 .475 .002

Gender 1 318 11.499 <.001 .035

Education 2 318 6.998 .001 .042

Nutrition 4 318 9.396 <.001 .106

283
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284 Figure 2

285 Hypothesis 4: Confidence Intervals, Distributions, and Boxplots for the Three Groups in the 

286 ANOVA

287

288  
289
290

291 To examine whether participants in lower TTM stages show greater improvement 

292 through quiz participation compared to those in higher TTM stages (Hypothesis H5), a 2 × 3 

293 mixed-design ANOVA with repeated measures was conducted. The measurement time point 

294 (pre-/post-quiz) was modeled as the within-subject factor, while the TTM stages 

295 (precontemplation/contemplation, preparation, and action/maintenance) served as the 

296 between-subject factor. The ANOVA results can be seen in Table 4 and revealed no 

297 significant interaction between measurement time points and the TTM stage groups, F(2, 

298 335) = 0.46, p = .634, partial η² = .00. However, a significant main effect of time was 

299 observed, F(1, 335) = 35.76, p < .001, partial η² = .10, indicating overall improvement in 

300 knowledge following the quiz. The main effect of the group was not significant, F(2, 335) = 

301 2.00, p = .137, partial η² = .01.

302

303
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304 Table 4

305 Mixed-Measurement ANOVA Results for Knowledge over Time 
Effect Dfn Dfd MSE F ges p

TTM Categories 2 335 4.455 1.996 0.0092 0.137

Time 1 335 1.284 35.762 0.0233 <.001

TTM Categories * Time 2 335 1.284 0.456 0.0006 0.634

306
307

308

309 5 Discussion

310 The aim of this study was to examine whether a gamified online intervention 

311 promoting environmentally sustainable nutrition could increase participants’ knowledge. For 

312 this purpose, a quiz format was developed and tested, considering prior knowledge and 

313 readiness for change according to the TTM.

314 After completing the quiz, the participants’ knowledge increased, indicating that 

315 participation in the quiz led to a measurable improvement in their knowledge about 

316 environmentally sustainable diets. Misconceptions regarding seasonality, origin, 

317 transportation, and packaging were largely corrected, as reflected in the higher proportion of 

318 correct answers to these questions.

319 The results highlight the key role of prior knowledge in the effectiveness of the quiz. 

320 The participants with higher baseline knowledge scored higher overall, but the greatest 

321 increase in knowledge was observed among the participants with low prior knowledge. This 

322 suggests that participants with limited prior knowledge benefited more from the quiz, 

323 whereas those with higher prior knowledge may have reached a saturation point.
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324 In contrast, readiness for change according to the TTM did not significantly influence 

325 prior knowledge or knowledge gain. Thus, the quiz proved equally effective, regardless of the 

326 stage of behavioral change.

327 The knowledge about environmentally sustainable diets in this study’s sample was 

328 higher than in other studies. In a 2021 study, respondents correctly answered an average of 

329 50% of the questions on a sustainability knowledge scale (58). A follow-up study in 2024 

330 reported an average of 55.8% (59). The higher knowledge levels in the present study could be 

331 attributed to the scale used or the sample investigated, as it primarily included employed 

332 individuals with an academic background, whereas the studies by Bloyd Null et al. (58) and 

333 Null et al. (59) focused on students. It should also be considered that consumer awareness has 

334 evolved rapidly in recent years (60). Studies examining gender differences have shown mixed 

335 results. Unlike this study, Svendsen et al. (61) found higher sustainability concept 

336 understanding among women, while Younes (62) found no significant gender differences.

337 The present study demonstrated a significant increase in knowledge about sustainable 

338 diets after the participants completed the quiz. This is in line with two studies that also show 

339 that playful informational measures effectively enhance environmental knowledge. Soma et 

340 al. (63) investigated an online quiz aimed at raising awareness of food waste, which, similar 

341 to the developed quiz, incorporated gamification elements, such as points and rewards. They 

342 found that the quiz increased awareness and contributed to a reduction in food waste, 

343 particularly among regular players. Null et al. (59) also reported a significant increase in 

344 knowledge among students following a multifaceted awareness campaign that included 

345 posters, videos, and a knowledge quiz. Additionally, the campaign helped reduce red meat 

346 consumption.

347 While the positive effects on knowledge were similar across all studies, differences in 

348 study design and target behaviors limited the direct comparability of the results. Both 
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349 aforementioned studies spanned several weeks and examined both knowledge and behavioral 

350 changes, whereas the present study tested the effectiveness of a one-time intervention on 

351 knowledge alone.

352 Similar to the present study, Bröder et al. (37) showed that prior knowledge 

353 influences learning success. They tested a seeding intervention in which participants provided 

354 CO2 estimates for foods and then received feedback. This improved the estimates for both 

355 familiar (seeding items) and new foods (transfer items). In both studies, participants with low 

356 prior knowledge benefitted more from the intervention than those with higher prior 

357 knowledge.

358 Another key finding in the present study was the general effectiveness of the quiz 

359 across all phases of the TTM. Similarly, the Green Eating Project showed that participants’ 

360 knowledge significantly increased after a web-based intervention aimed at promoting 

361 environmentally conscious eating behaviors, even without a stage-based design (39). The 

362 participants shifted from earlier to later TTM stages, suggesting that knowledge gain is 

363 possible even without a stage-based approach and may potentially influence readiness for 

364 change.

365 5.1 Limitations

366 The simplification of the TTM constructs into 3 phases instead of 5 in this study 

367 represents a departure from the original theory. Since we are working with potential 

368 information loss, we must assume that the results likely understate rather than overstate the 

369 effects. As the data collection was based on self-reports, there is a risk that the responses do 

370 not realistically reflect actual behavior and may, for example, be biased by social desirability. 

371 The participants might present their willingness to engage in sustainable behavior more 

372 positively than it truly is in order to meet societal expectations. The statistical power may be 

373 limited, particularly for subgroup analyses (e.g., by age or gender), even though the 
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374 recommended sample size of 294 participants was achieved. This carries the risk of 

375 undetected effects.

376 The sample consisted predominantly of young women with academic backgrounds. In 

377 this demographic group, knowledge about and interest in sustainable diets may be 

378 overrepresented, which limits the generalizability of the results to other population groups 

379 (e.g., different educational levels or age groups). Future research should therefore aim for 

380 larger and more representative samples from various socioeconomic groups and age ranges, 

381 possibly using random or stratified sampling methods. Studies conducted in different cultural 

382 contexts could also help identify differences in attitudes and behaviors, thereby improving the 

383 generalizability of the results.

384 No conclusions can be drawn about whether the acquired knowledge is retained long-

385 term or whether it contributed to a change in behavioral intentions or actual behavior. Future 

386 studies could employ longitudinal designs to track the effects of the intervention over several 

387 months and to assess long-term knowledge retention. Additionally, they could capture actual 

388 behavior (e.g., purchasing patterns) to better understand the relationship between knowledge 

389 and behavior and analyze whether and how knowledge leads to more sustainable behavior.

390

391 5.2 Conclusion

392 The findings of this study emphasize the potential of gamification to raise awareness 

393 about the environmental impacts of dietary choices. To date, no other studies have explicitly 

394 investigated the effectiveness of stage-based interventions on knowledge increases in the 

395 context of sustainable diets. Most studies in this area have focused on sustainable behaviors, 

396 such as conserving energy and water, reducing pollution and CO₂ emissions, or improving 

397 transportation and air quality (27,30). In contrast, the field of sustainable nutrition has 

398 received little attention so far (31). This study is therefore a first step in research on gamified 
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399 learning in the context of sustainability and nutrition, and it thus lays a valuable foundation 

400 for further research. Future studies should include larger and more diverse samples, employ 

401 broader and more validated measurement tools, and examine the long-term effects on 

402 behavior. Exploring various game formats and elements, as well as combining gamification 

403 with other behavioral change models, could provide new insights and further enhance the 

404 effectiveness of game-based interventions in promoting sustainable diets.

405 Advances in this area could be applied to support sustainable dietary education in 

406 practice. In educational settings, interactive formats, such as the developed quiz, could be 

407 integrated into environmental curricula to raise awareness among young people about the 

408 ecological impact of their food choices. In the healthcare sector, the quiz could be used as a 

409 tool in preventive nutrition counseling, helping professionals educate individuals about 

410 healthy eating and its connection to climate change. Such applications have the potential not 

411 only to promote individual health but also to foster more sustainable consumption habits at a 

412 societal level. Policymakers, in turn, could incorporate such tools into educational initiatives 

413 or national campaigns aimed at reducing carbon emissions in the food sector.

414
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