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ARTICLE INFO ABSTRACT 
 Children’s well-being and health have received significant social attention. Given 

the increasing prevalence of food neophobia, obesity, and related health 
challenges in children, it is critical to understand the importance and urgency of 
raising children to choose healthy foods.This review explores the complex 
relationships among children's visual cues, emotion, liking and food choices, 
providing important insights into potential health interventions. A systematic 
search was conducted using three databases: PubMed, Scopus, and Web of 
Science. Studies published up to December 25, 2023 (from the start of each 
database) were included. To ensure that the studies were of good quality, the 
Mixed Methods Appraisal Tool (MMAT) was used for assessment. 17 eligible 
studies that used different research methods, six used a within-subject design, 
one used a discrete choice experiment, one used a pretest-post test design, four 
used mixed methods research, three used observational studies, and one used a 
longitudinal design. These studies examined topics ranging from visual 
perception to emotional response, with six studies examining all three aspects. 
This study investigated the complex effects of children's visual cues, emotions, 
and food choices, thereby providing important insights into potential health 
interventions. The shape of the food elicited a more positive emotional response 
than unvarying shapes. Several studies have also shown that children not only 
have preferences for the food itself but also consider factors such as the type, 
shape, and color of the food. Future research should draw new conclusions to 
guide relevant interventions aimed at promoting healthy food choices among 
children. 
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1. Introduction 

 
Children’s well-being and health have consistently attracted societal attention. Given the increasing prevalence 
of childhood food neophobia, obesity, and associated health challenges, it is crucial to understand the 
significance and immediacy of fostering a nutritious diet in children. Research indicates that extended periods 
of lack of vegetable and fruit intake during childhood can result in negative health outcomes, such as food 
neophobia (Cooke et al., 2003; Birch, 1999), obesity (Ogden et al., 2003), diabetes, cardiovascular diseases, 
and other chronic conditions, until adulthood (Mikkila et al., 2004;  Magarey et al., 2003; Berenson et al., 1992). 
In addition, unhealthy eating behaviours may affect academic achievement and cognitive development 
(Murphy et al., 1998). Furthermore, the naturally bitter taste of vegetables, which leads to human instincts to 
avoid food poisoning (Cooke et al., 2003; Birch, 1999), means that vegetables remain the least popular food 
group, especially among school-aged children (Lanfer et al., 2011; Phillips & Kolasa, 1980; Beyer & Morris, 
1974). Considering that fruit and vegetable consumption patterns continue into adulthood (Lien et al., 2001; 
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Krebs-Smith et al., 1996), investigating the influence of children's perceptions of healthy foods such as 
vegetables and fruits is of prime importance. 
 
Research on the intersection of children's emotions and healthy eating is a growing field. The role of food as an 
emotion regulator can be understood by examining the impact of emotions on individuals (Hamburg et al., 
2014). Emotional responses affect the choice of food (Moss et al., 2021; Gutjar et al., 2015; Gibson, 2006), 
which in turn affects children's health. The relationship between emotions and diet has received theoretical 
and empirical support (Prinyawiwatkul, 2020; Canetti et al., 2002). Studies have indicated that positive and 
negative emotions have significant effects on food choices and dietary intake, especially in children. 
Additionally, research suggests that negative emotions such as anxiety and sadness may contribute to 
unhealthy eating habits, whereas positive emotions are linked to a more nutritious diet. Frequent emotions 
such as happiness and anger appear to have a greater effect on food intake (Canetti et al., 2002). Patel and 
Schlundt (2001) found that individuals tended to consume larger meals when experiencing either positive or 
negative emotions than when experiencing a neutral mood. In particular, the influence of positive emotions on 
food intake was more pronounced than that of negative emotions. Similarly, motivation to eat increases during 
happy states, as opposed to sad states (Gardner et al., 2014; Macht et al., 2002; Macht,1999). Macht et al. (2002) 
reported that chocolate is perceived as more enjoyable when individuals experience positive emotions. Taken 
together, these findings suggest a significant relationship between emotional state and eating behaviour, with 
positive emotions playing a prominent role in influencing both the amount and enjoyment of food consumption. 
Exposure to yoghurt triggers stronger positive emotions such as pride, hope, happiness, contentment, and 
fascination (Yao,2016). White and gold dinner plates trigger positive dining emotions (Chen et al. 2020). Food 
on a white plate appears to produce more pleasant emotions than food on red or green plates (Zhao et al., 2018). 
Observing someone exhibiting disgust is likely to evoke a sense of disgust in individuals, consequently resulting 
in diminished inclination among participants to consume the presented food (Barthomeuf, 2009). 
 
Visual cues in this research refer to those related to food and micro-landscapes, which include the food itself, 
its shape, color, portion size, and plating (Zampollo et al., 2012a, 2012b). Additionally, external cues of food, 
such as packaging color and shape, tableware shape, size, and color, are also considered (Zhao et al., 2018; 
Stewart & Goss, 2013). Visual cues, including color, and shape (Piqueras-Fiszman et al., 2012) have received 
considerable research attention in the field of food. Color and shape have been the subject of frequent 
investigations (Spence & Van Doorn, 2022; Chen et al., 2020). Researchers have manipulated and studied color 
and shape within the food itself (Harrar & Spence, 2013) and in the context of packaging design (Veflen et al., 
2023). 
 
These findings strongly indicate a relationship between visual cues and eating behaviours as well as emotions. 
However, few previous scientific studies have conducted systematic literature reviews, particularly in the 
context of children. Therefore, there is a lack of research on the potential influence of visual cues and emotions 
on healthy food choice in children. Consequently, a systematic literature review is necessary to determine the 
significant correlations between visual cues, emotions, and healthy food choices in children. 
 

2. Methods 
 
2.1 Protocol registration 
The current systematic review protocol has been registered with the International Prospective Register of 
Systematic Reviews (PROSPERO) under registration number (CRD42024497158). This review follows the 
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines, ensuring rigorous 
and transparent reporting throughout the systematic review process. 
 
2.2 Search strategy 
Studies published until December 25, 2023, from three electronic databases: PubMed, Scopus, and Web of 
Science. 
 
2.3 Study Eligibility Criteria 
The following eligibility criteria were applied: (a) inclusion of original, peer-reviewed research conducted in 
either the general or clinical population and published in English; (b) studies involving children reporting 
measures related to visual perception, visual cues, emotion, or affect; (c) research focused on a sample of 
children between the ages of 4 and 14 years; and (d) studies specifically involving children without concurrent 
medical conditions. Exclusion criteria were as follows: (a) articles published in languages other than English; 
(b) reviews, conference proceedings, books, chapters, and commentaries; (c) studies conducted on infants and 
adults; (d) reliance on parental reports; and (e) investigations conducted on non-human samples. The 
keywords used for the literature search are shown in Table 1. 
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Table 1 The keywords used for the systematic review. 

 
2.4 Study selection 
Two reviewers, XQT and SKG, independently gathered information by searching three electronic databases 
and trial registries, then organized the records using EndNote. After removing duplicate entries, they screened 
the relevant studies by looking at the titles and abstracts. They then reviewed the full texts to check if the studies 
were suitable for inclusion. Any differences in their opinions were discussed between the two reviewers. If they 
could not agree, a third reviewer, SFAS, was consulted for help. 
 
2.5 Synthesis and Analysis of Data 
Data from eligible studies were extracted into a standardised data collection form by two researchers (XQT and 
SKG) and any differences were adjudicated by the supervisor (SFAS). Each included study provided 
information on heterogeneity concerning the study design, population, and outcome measures. Subsequently, 
a synthesis was undertaken to summarise the findings on the relationships among children's eating experiences, 
food choices, visual cues, and emotions. Patterns and trends in the results were identified. Additionally, details 
such as age range, gender, emotion type (e.g. positive or negative emotions), and emotion measurement were 
identified to enhance the understanding of the relationship between visual cues, healthy food choices, and 
emotion/affect in childhood. Finally, the study's evidence strength and consistency were assessed to ensure a 
rigorous and transparent systematic review process adhering to the PRISMA. 
 
2.6 Risk of bias in individual studies 
Two reviewers XQT and SKG, independently assessed the risk of bias of the included studies. The 
methodological quality of all included studies was assessed using the Mixed Methods Appraisal Tool (MMAT) 
(Hong et al., 2018), which was designed to evaluate empirical studies using quantitative, qualitative, and mixed 
methods. The quality of each study was assessed by two independent reviewers, and disagreements were 
resolved by discussion, consensus, or consultation with a third reviewer for the final assessment. 
The checklist includes two initial questions common to all study designs, and five quality-related questions 
specific to each study type. These questions assessed aspects such as the representativeness of participants 
concerning the target population, appropriateness of measures for both outcomes and interventions, and the 
effective integration of different study components to address the research question. Each criterion was scored 
as 'yes,' no’, or 'not applicable’, with guidance on identifying the study type and item specifications provided. 
 
According to Hong et al. (2018), if either or both eligibility criteria are not answered affirmatively, proceeding 
with the evaluation of the article might be deemed inappropriate. Additionally, only questions pertinent to the 
specific design of each study were evaluated. 
 

3. Results 
 
Figure 1 shows that of the 4,260 potential articles found in electronic databases and trial registers, 2,325 
duplicate records and 6 non-English articles were removed. This left only 1,929 articles, but 1,881 of them were 
excluded based on title and abstract. After reviewing the full text, 31 articles were excluded from the original 
48. Finally, 17 studies met all the criteria for this review. PRISMA guidelines were followed to select and extract 
articles. 
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3.1 Study Characteristics 
Of the 17 eligible studies that used different research methods, six used a within-subject design, one used a 
discrete choice experiment, one used a pretest-post test design, four used mixed methods research, three used 
observational studies, and one used a longitudinal design. These studies examined topics ranging from visual 
perception to emotional response, with six studies examining all three aspects. In addition, research in this 
area has been conducted in various countries, including Australia, the USA, the UK, Denmark, Turkey, Spain, 
France, Belgium, Brazil, and Italy. The characteristics of these studies are summarised in Table 2. 
 
3.2 Sample Characteristics 
The sample size varied among studies, ranging from a minimum of 23 participants to a maximum of 2112 
participants. The studies were sex-balanced. The age range of the participants varied, but each study included 
students aged between five and 12 years (Table 2). Of the 17 articles, 13 examined sex differences. 
 

Table 2 Study Characteristics 
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Table 3 Emotion and visual perception potential correlate 
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3.3 Outcomes 
Of the 17 articles, five studies were on emotions and children's diets, exploring how food shape can elicit more 
positive emotional reactions. Emotion regulation is significantly associated with external and emotional eating 
across grade levels and reactivity is more consistent with eating regulation (da Quinta et al. 2023c; Van der 
Horst et al. 2019; Gallo et al. 2017; Harrist et al. 2013; De Droog et al. 2012). Seven studies focused on visual 
perception, visual cues, and eating habits. Different food portions have been found to be stimulating and 
capable of producing portion-selection effects and reducing hunger. The ideal plate for children influences their 
preferences for different colors and types of food, as well as the type and familiarity of food, thereby influencing 
food decisions (Rigo et al., 2023; Lange et al., 2020; Schwartz et al., 2020; Bergamaschi et al., 2016; Zampollo 
et al., 2012a, 2012b; Liem & Zandstra, 2009). Particularly, after observations of children aged 5-12 years 
showed that apple shapes elicited more positive emotional responses than triangles, expression-based 
questionnaires were feasible for capturing children's freely reported emotions. Several studies have highlighted 
the positive impact of portion size on children's snacks (da Quinta et al., 2023c; Lange et al., 2020; Zampollo 
et al., 2012b). It has also been suggested that interventions to promote dietary diversity in children may benefit 
from the presentation of significantly more diverse foods (Table 3). 
 

Table 4 The CATA Emoji Measurement 

 
 
Additionally, five other studies focused on measuring children's emotional reactions to food using emotional 
expressions, consistently utilising the CATA measurement method to classify positive, negative, and neutral 
emotions (da Quinta et al., 2023a, 2023b; Sick et al., 2022; Lima et al., 2019; Schouteten et al., 2018). Emojis 
have evolved as an attractive instrument for measuring emotions elicited by food. The check-all-that-apply 
(CATA) emotion measurement method was chosen to assess children's food choices and eating emotions 
consistently. The CATA approach is the most used method. In this approach, participants were presented with 
a food stimulus and asked to select all emojis that reflected how they felt. This method has the advantages of 
being intuitive, easy to understand, and quick to apply. The integration of emoticons into the CATA approach 
has been used with pre-adolescents to measure food-elicited emotions. Several studies (Da Cruz et al., 2021; 
Schouteten et al., 2018; Gallo et al., 2017) have shown that various emoticons can effectively discriminate 
between different foods (Table 4). 
 

4. Discussion 
 
This systematic review explored the intricate links between visual perception, emotion, and food choice among 
children aged 4–14 years. Only one study focused specifically on children aged 4–14 years, whereas the other 
16 studies targeted children aged 5–13 years. Understanding these relationships is critical because they have a 
significant impact on children's overall health and well-being. These findings have practical implications for 
parents, educators, the restaurant service industry, chefs, tableware designers, and nutritionists in developing 
interventions to promote healthier habits in children. While there is a substantial body of literature on human 
emotions, visual cues/perception, and food choices, literature specifically focusing on children is limited. This 
indicates that little attention has been paid to children's emotions, visual cues/perception, and food choices, 
highlighting a significant research gap. 
 
The variety and shape of snacks (containing vegetables, fruits, and nuts) are determinants of acceptance among 
school children (Bergamaschi et al., 2016). The importance and attention drawn by visual cues can vary 
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between studies, even if they use similar colors and shapes. Previous research shows that basic effects of how 
color and shape relate to taste often come from simple images, like color patches and geometric shapes (Wan 
et al., 2014). However, variations in how colors and shapes are manipulated in studies can lead to different 
outcomes. For instance, the degree of roundness can differ in studies focusing on round shapes (Becker et al., 
2011; Piqueras-Fiszman et al., 2012). This inconsistency highlights the need for careful consideration of 
stimulus design in research examining the relationship between visual cues and taste perceptions. 
 
Children typically like their ideal plates to have seven different items and six different colors, according to the 
study by Zampollo et al. (2012c). This shows that having a mix of colors and food types can make meals more 
appealing to kids, which might encourage them to eat healthier.In addition, children show a preference for a 
significantly greater number of items and colors on a given plate (Zampollo et al., 2012a, 2012b). It was found 
that all children tended to underestimate how much they enjoyed smaller portion sizes. Portion size did not 
affect the health ratings for either snack, as reported by Schwartz et al. (2020). Interventions that incorporate 
food sensory imagery, such as that proposed by Lange et al. (2020), may be useful in encouraging children to 
choose healthier portion sizes. This is because it reduces the portion size chosen for energy-dense snacks 
without affecting that chosen for healthier snacks. Additionally, researchers have noted that more positive 
emotional responses were observed for familiar products (De Droog et al., 2012; Gallo et al., 2017). Specifically, 
familiar characters elicit the most positive and elaborate emotional responses (De Droog et al., 2012). 
 
Several studies (Da Cruz et al., 2021; Schouteten et al., 2018; Gallo et al., 2017) have shown that various 
emoticons can effectively discriminate between different foods. The use of emoticons may serve as an 
alternative method to gather more information about how children experience food samples compared to 
traditional hedonic measures. The CATA and rating scales can be used to measure children's emotional 
responses to different food categories. Difficulty level can also be adjusted according to the child's cognitive 
development. Children are not only familiar with emojis, but they also find them funny and express things that 
no words need to express. The intuitive nature of emoticons enhances children's participation in senses and 
emotions. In fact, facial expressions of emotions are stable across cultures (Elfenbein & Ambady, 2002). 
 
The observation of various food shapes can elicit diverse implicit and explicit emotional responses in school 
children. Notably, apple shapes have been found to evoke more positive emotions than triangles (da Quinta et 
al., 2023c). Sensory images depicting food could be valuable tools for encouraging children to opt for healthier 
portion sizes (Lange et al. 2020). Nutritional warnings significantly influence emotional associations (Lima et 
al., 2019). It has been observed that children's preference for larger-sized snacks is more likely to diminish after 
repeated consumption, in contrast to smaller snacks that possess an equivalent taste. However, it remains to 
be investigated whether these principles apply to less popular food items, such as vegetables (Liem,& Zandstra, 
2009). 
 
When conducting tests with children unfamiliar with the study sample, it is advisable to employ actual food 
stimuli and include mood assessments (Gallo et al., 2017). It has been noted that choice has a negative 
emotional impact on liking. Consequently, it is recommended to offer children limited choices rather than 
unrestricted options (Liem,  &  Zandstra, 2009). 
 
The complexity and significance of the research findings once again highlight the stark disparity between visual 
perception from a child's perspective and perceptions or imaginings of adults. This underscores the pivotal role 
of emotion as a crucial aspect that permeates food choices and preferences, making it a vital focal point for 
interventions aimed at promoting healthy eating habits among children. This comprehensive review 
significantly advances our understanding of the intricate interplay among children's food choices, visual 
perception, and emotional responses. Therefore, this lays the groundwork for more effective evidence-based 
interventions aimed at cultivating healthier eating habits and promoting overall well-being. The importance of 
addressing the interactions among these factors underscores the need for a comprehensive approach to 
promote healthy eating behaviours in children. 
 

5. Limitations and future directions 
 
This study had some limitations that should be acknowledged. The original purpose was to conduct a meta-
analysis; however, the purposes and results of the studies were complex and diverse, and the consistency was 
insufficient. Therefore, they were not suitable for inclusion in the present study. Furthermore, even though the 
selected studies had sufficient sample sizes and a balanced distribution of sexes, most were cross-sectional. 
Only the study by Harrist et al. (2013) used a longitudinal design. One other study employed an experimental 
pretest-posttest design (Van der Horst et al., 2019). In addition, the research parameters excluded books, 
chapters, conferences, and articles that were not yet published or were published in a language other than 
English. This practice may result in the omission of the relevant materials. In addition, limiting the database 
searches to PubMed, Scopus, and Web of Science may limit the number of articles eligible for review. 
Furthermore, the study had limited cultural and geographic diversity, which limited the generalisability of the 
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results to other countries and populations. Therefore, our findings should be cautiously interpreted. A notable 
limitation of this study is our focus on self-reporting. Although self-reports are a convenient and widely used 
method for gathering data on emotions and eating habits, they can be affected by recall and response bias. This 
means that participants might not accurately remember or report their actual eating patterns and emotional 
states. As a result, the reliance on self-reported data restricted the number of studies that met our inclusion 
criteria, as not many studies effectively utilized this method. 
Future studies should prioritise several key areas to overcome the limitations identified in this systematic 
review. First, more longitudinal studies are needed to unravel the complex relationship between visual cues 
and perceptions, emotions, food choices, and children's health. This would allow for more definitive 
conclusions and provide substantial evidence to support or challenge the effectiveness of interventions that 
target visual cues and emotions. Future studies should include a wider age range and a more diverse sample, 
including children from different cultural and socioeconomic backgrounds. This would facilitate the 
generalisation of the findings of the current review to a broader range of populations. 
 
Furthermore, systematic reviews should broaden their literature searches to include articles published in 
languages other than English and utilize a wider range of databases. This approach would provide a more 
comprehensive view of the relevant literature and could lead to more reliable conclusions. By addressing these 
aspects in future research, we can improve our understanding of the complex relationships between visual cues, 
emotions, and the promotion of healthy food choices among children. 
 

6. Conclusion 
 
This study investigated the intricate the complex effects of children's visual cues, emotions, and food choices, 
thereby providing important insights into potential health interventions. Certain findings indicate significant 
impacts of color and shape on taste perception and liking, aligning with shape/color-taste correspondences. 
Moreover, the study uncovered a notable influence of food consistency and personality on children's preference 
for healthy food. Additionally, the shape of the food elicited a more positive emotional response than the non-
varied shapes. Several studies have also demonstrated that children not only have preferences for the food itself, 
but also consider factors such as the type, location, and color of the food. Valid evidence supports the effects of 
portion size on food cues. This review presents the latest literature and aims to contribute to future research by 
drawing new conclusions, which can guide relevant interventions aimed at promoting healthy eating habits in 
children. The hope is that this information will be valuable for governmental agencies, catering services, food 
companies, caregivers, food designers, and even parents when making decisions regarding children’s choices. 
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