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A B S T R A C T

The successful promotion of vegetable consumption by children requires a deep understanding of children's
vegetable preferences as well as the factors shaping them throughout childhood. This study analyzed children
vegetable liking in four different age ranges (5–6, 7–8, 9–10 and 11–12 years old) in Chile, China and the United
States. Three hundred and eighty-four children completed this study. All participants tasted and rated 14 dif-
ferent vegetables for liking and described the samples using Check-All-That-Apply (CATA). We found significant
differences in degree of overall liking among children from the three countries (p < 0.001). Specifically,
children in China gave higher overall liking scores than children in the US, and in the US higher than in Chile.
Child age and gender did not influence children's vegetable overall liking across the three countries. Across all
countries and age groups, liking of taste and texture were the best predictors of children overall liking. The
penalty analysis of CATA selections by children showed that the mean impact of the attributes that children used
to describe the samples on their liking varied among countries, with the descriptors having the least impact on
liking for Chinese children.

1. Introduction

According to the World Health Organization, low vegetable con-
sumption is an issue of major concern, due to its association with higher
risk of certain non-communicable diseases (WHO, 2003). Specifically,
researchers have found that vegetable consumption can reduce the risk
of some cancers (esophagus, breast, lung and colorectum), ischemic
stroke and Type 2 Diabetes (Boffetta et al., 2010; Cooper et al., 2012;
Joshipura et al., 1999). Moreover, The Global Burden of Disease Study
included low fruit and vegetable consumption into the top ten risks for
global mortality (Forouzanfar et al., 2015).

Many interventions look to increase vegetable consumption early in
life (Benton, 2004; Evans, Christian, Cleghorn, Greenwood, & Cade,
2012; Laureati, Bergamaschi, & Pagliarini, 2014; Savage, Fisher, &
Birch, 2007), considering that eating behavior established in childhood
tends to persist into adulthood (Branen & Fletcher, 1999; Lytle, Seifert,
Greenstein & MacGovern, 2000; Nicklaus & Remy, 2013). To develop
successful strategies for the promotion of healthy diets in childhood, a
deep understanding of the development of food preferences as well as
the factors that shape them is required (Birch, 1999; Eestmans, Baeyens
& Van de Bergh, 2001). Food preferences are the product of the inter-
action between genetic predispositions with the eating environment

(Birch, 1999; Birch, Gunder, Grimm-Thomas, & Laing, 1998). Many
interrelated factors play a role in the modeling of food preferences.
Among them, liking has been described as the most important factor in
children's food acceptance (Drewnowski, 1997; Gibson, Wardle, &
Watts, 1998; Marty, Chambaron, Nicklaus, & Monnery-Patris, 2018;
Nguyen, Girgis, & Robinson, 2015): “Children eat what they like”. In
this sense, to increase vegetable intake in childhood, it is necessary to
understand how children's food preferences develop (Birch, McPhee,
Shoba, Pirok, & Steinberg, 1987; Cooke, 2007). Moreover, there is a
consensus that food exposure is a fundamental factor in the develop-
ment of food preferences (Barends, de Vries, Mojet, & de Graaf, 2013;
Birch et al., 1998; Harris, 2008; Menella & Beauchamp, 2005; Wardle,
Herrera, Cooke, & Gibson, 2003). As a child's age increases, so does his/
her exposure to foods. However, the exposure itself does not ensure an
increase in food acceptance (Newman & Taylor, 1992). This is because
food preferences tend to develop in positive contexts (Marty et al.,
2018), which can be also culture-dependent. Personal factors that can
influence vegetable intake in children have been studied primarily in
the US and Europe (e.g. gender and age) (Ahern et al., 2013; Brug, Tak,
te Velde, Bere, & De Bourdeaudhuij, 2008; Perry et al., 1998;
Rasmussen et al., 2006; Reynolds et al., 1999; Zeinstra, Koelen, Kok, &
De Graaf, 2007). Considering that what people like and eat varies
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greatly with nationality and culture (Rozin, 2006), cross-cultural stu-
dies provide a useful source of variance in the study of consumer pre-
ferences for specific foods. In order to avoid generalizing specific
findings to different population groups, there is a need for international
comparative studies that analyze children's vegetable preferences under
different settings (Rasmussen et al., 2006).

The main objective of this study was to analyze children's vegetable
liking in three different countries – Chile, China and the United States -
considering the effect of age, gender, sensory appeal of specific mod-
alities, and perceived sensory features of the vegetables for secondary
objectives. Specifically, we hypothesized that:

1. The magnitude of children's vegetable liking differs among the dif-
ferent countries analyzed.

2. Children's vegetable liking increases as children age.
3. Liking of each sensory modality (appearance, aroma, taste and

texture) has a different impact on overall vegetable liking during
childhood.

4. Children's CATA vegetable descriptions provide useful information
in the understanding of children's preferences

2. Materials and methods

2.1. Tasting sessions with children

A two-part Central Location Test (CLT) was conducted with children
in three countries, specifically in Santiago, Chile (CL), Wuxi, China
(CN) and Davis, California, USA (US). During the tasting sessions,
children tasted 14 vegetables in total, 7 per tasting session. In the three
countries tasting sessions were offered between 11:30 a.m. and 5:30
p.m. during weekends and participants enrolled in two sessions spaced
by one week. Specifically, 5 tasting sessions times were offered at day:
11:30am, 1pm, 2:30pm, 4pm and 5:30pm. On average, between 5 and
10 children participated in each session time, which lasted around
30min. The sessions were performed in collective rooms in the three
countries. In China and in the USA these rooms were located at the
respective universities (UC-Davis and Jiangnan University). In Chile,
the evaluations were done in a school and in the Pontifical Catholic
University of Chile. The set of samples as well as their preparation (raw,
cooked and/or seasoned) were chosen individually for each country,
considering what was familiar in the diet of each specific place, and at
the same time trying to cover the widest sensory spectrum possible. We
made the conscious choice to respect cultural differences in the

Table 1
Vegetables tasted and their preparation in Chile, China and the Unites States.

Country Sample Preparation Serving Temperature

Chile Asparagus Boiled with salt Room temp
Avocado Served raw Room temp
Beets Boiled with salt Room temp
Broccoli Boiled with salt Room temp
Cabbage Served raw and slightly seasoned with salt, lemon juice and sunflower oil Room temp
Carrots Served raw Room temp
Corn Boiled with salt Room temp
Cucumber Served raw and slightly seasoned with salt, lemon juice and sunflower oil Room temp
Lettuce Served raw and slightly seasoned with salt, lemon juice and sunflower oil Room temp
Mushrooms Sautéed with salt sunflower oil Warm
Olives Greek style naturally ripe black olives Room temp
Potatoes Boiled with salt Warm
Sweet Peas Boiled with salt Room temp
Tomato Served raw and slightly seasoned with salt and sunflower oil Room temp

China Broccoli Boiled with salt Warm
Bell Pepper Sautéed with salt and soybean oil Warm
Carrots Sautéed with salt and soybean oil Warm
Cauliflower Sautéed with salt and soybean oil Warm
Celery Sautéed with salt and soybean oil Warm
Corn Boiled with salt Warm
Cucumber Served raw and slightly seasoned with salt, vinegar and soy sauce Room temp
Eggplant Sautéed with salt, soybean oil and water Warm
Mushrooms Sautéed with salt and soybean oil Warm
Onions Sautéed with salt and soybean oil Warm
Potatoes Boiled with salt Warm
Spinach Sautéed with salt and soybean oil Warm
Sweet Peas Boiled with salt Warm
Tomato Sautéed with salt and soybean oil Warm

USA Asparagus Boiled with salt Warm
Avocado Served raw Room temp
Bell Pepper Served raw Room temp
Broccoli Boiled with salt Warm
Carrots Served raw (baby carrots) Room temp
Corn Boiled with salt Warm
Cucumber Served raw and slightly seasoned with salt, lemon and EVOOa Room temp
Lettuce Served raw and slightly seasoned with salt, lemon and EVOO Room temp
Mushroom Sautéed with salt and EVOO Warm
Olives California-style black olives Room temp
Potatoes Boiled with salt Warm
Spinach Served raw and slightly seasoned with salt, lemon and EVOO Room temp
Sweet Peas Boiled with salt Warm
Tomatoes Served raw (cherry tomatoes) Room temp

a EVOO: Extra Virgin Olive Oil.
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preparation and serving of the vegetables so as not to upset children's
expectations in that regard, yet we minimized the impact of those
preparation and serving protocols as much as possible to ensure that the
responses measured were primarily about the sensory properties of the
vegetables. The familiarity was assessed through focus groups of mo-
thers from the three countries (data not published yet) and checking
this information with the vegetables that were readily available at local
grocery stores in each city from the three countries were the study was
performed. From this list of possible vegetables and preparations, the
final 14 samples for each country were selected jointly by the re-
searchers from the three universities involved in this study (Pontifical
Catholic University of Chile, Jiangnan University and University of
California-Davis). Details of samples' preparation in each country are
shown in Table 1. From the 14 samples, 6 samples were shared by all
the three countries (broccoli, cucumber, corn, mushrooms, potatoes and
sweet peas). The number of samples is consistent with what it is found
in the literature on similar studies (Liem & De Graaf, 2004; Olsen, Ritz,
Kraaij & Moller, 2012; Poelman. Delahunty & de Graaf, 2013). During
the tasting sessions, children rated their degree of liking of the samples
using a 7-point hedonic scale with numbers, words, and emoji faces.
The number 1 on the scale corresponded to “dislike very much” and the
number 7 to “like very much”. The use of this scale has been reported to
be appropriate for the age range involved in the present study (Laureati,
Pagliarini, Toschi, & Monteleone, 2015; Guinard, 2001). All samples
were evaluated on five different dimensions, in the following order:
appearance, aroma, taste, texture, and overall opinion. Before starting
the evaluation, a researcher explained to the children how to perform
the evaluation correctly. The children were told to start by “looking at
the sample”, then “smell the sample” and finally “try the sample”. The
instructions were given orally and with gestures that emphasized the
information. One researcher in each country was in charge of giving the
instructions before starting the evaluation and she gave the instructions
for every single tasting session in each respective country. To do that
the researcher walked with the participants through the whole ques-
tionnaire. The instructions were given in the official language of each of
the three countries (Spanish in Chile, Mandarin Chinese in China and
English in the US). During the tasting session, children also described

the vegetables by using Check-All-That-Apply (CATA) questions with
between 22 and 24 attributes (China= 24, Chile= 23 and US=22).
Among the attributes, 19 were shared by all three countries and the rest
differed among them (Table 2). The attributes listed included sensory
descriptors (descriptors of aroma, taste and texture) and hedonic de-
scriptors (e.g. yummy, and yucky). All the attributes listed were ex-
plained and defined to children before the evaluation started. The use of
CATA with children has been validated before (Laureati et al., 2017).
The CATA terms used in this study were developed by the group of
researchers in the three countries, and then tested in a trial tasting
session in which 6 children, from the whole age range, participated.
During this small pilot test, children tasted the samples and gave their
answers using the questionnaire designed for the tasting session. This
pilot test was observed by researchers in order to improve the real
tasting sessions. Opinions of children that participated in the trial were
also considered. During the tasting session children in the youngest age
group (5–6 years old) were assisted by an adult, who sat with them and
read the whole list of attributes to them each time that they needed.
Also, there were trained assistants available to help older children
anytime they asked for help. Participants tasted the samples in a
counterbalanced serial monadic sequence, and the sample order was
balanced using a Williams Latin square design (Williams, 1949). For
each sample the hedonic evaluation was performed first and then the
CATA description. Children's hedonic and CATA data were collected on
paper questionnaires. Children were accompanied by their mothers
during the whole study, however children were sitting alone and an-
swered questions by themselves. All the children had the consent of
their mothers to participate in the study. American participants in-
cluded in this study signed a consent form. Participants in Chile and
China received the information verbally and their consent was obtained
verbally as well. Participants in the three countries were compensated
for completing the study. This study was approved for the use of human
subjects by the Institutional Review Board of the University of Cali-
fornia, Davis (IRB ID: 930546–1).

2.2. Children

This study was performed in three countries (Chile, China and US),
in which children between 5 and 12 years old were invited to partici-
pate. The age of the children was decided by taking in account the
cognitive abilities required to use hedonic scales during consumer
testing (Guinard, 2001). Participants were eligible based on not pre-
senting any allergy to vegetables, to have been born in each of the
countries included in this study, and to be in the range of age 5–12
years. It was also required that the mother of the participants had a
higher educational diploma/or were currently university students, in
order to reduce the effect of sociodemographic between the different
samples. Specifically, the majority of the mothers of the children that
participated in this study had earned a higher educational diploma (CL:
96.2%, CN: 95.4% and US:100%), and others were currently com-
pleting their higher diploma (current university students: CL: 3.8%,
CN:4.6%). In each country, the recruitment process was performed
through the University networks by emails and flyers, and in primary
schools of each city (Santiago-Chile, Wuxi-China and Davis-California-
US) by using emails, personal invitation in classrooms and flyers. Four
age groups were considered for this study: 5–6 (Kindergarten level); 7–8
(2nd grade level); 9–10 (4th grade level); 11–12 years old (6th grade
level). In each country, between 30 and 38 children completed the
study in each age group. The sample size was calculated based on a
fixed ANOVA model with interactions using the software G*Power 3.1
(Faul, Erdfelder, Lang, & Buchner, 2007), considering a significance
level of 5%, power of 95% and an effect size of 0.2. The factors con-
sidered were Countries, child's age, child's gender and the common
samples. The effect size was based on an expected difference on liking
between countries, considering differences on children’ vegetable in-
take between different cultural groups analyzed in previous studies

Table 2
List of Check-All-that-Apply (CATA) descriptors in each country.

Chile China USA

Language: Language: Language:
English Spanish English Chinese English
Yummy Rico Yummy 好吃的 Yummy
Yucky Malo Yucky 难吃的 Yucky
Smelly Hediondo Smelly 难闻的 Smelly
Aromatic Buen olor Aromatic 清香的 Aromatic
Soft Suave Soft 软的 Soft
Crunchy Crujiente Crunchy 脆脆的 Crunchy
Mushy Blando Mushy 像泥一样的 Mushy
Sour Acido Sour 酸的 Sour
Sweet Dulce Sweet 甜的 Sweet
Bitter Amargo Bitter 苦的 Bitter
Salty Salado Salty 咸的 Salty
Spicy Picante Spicy 辣的 Spicy
Slimy Viscoso Slimy 滑滑的 Slimy
Hard/Firm Duro Hard/Firm 硬的 Hard/Firm
Fresh Fresco Fresh 新鲜的 Fresh
Juicy Jugoso Juicy 多汁的 Juicy
Dry Seco Dry 干的 Dry
Fun Entretenido Fun 有趣的 Fun
Boring Aburrido Boring 无聊的 Boring
Stringy Fibroso Chewy 嚼不烂的 Stringy
Flavorful Sabroso Umami 鲜美的 Flavorful
Creamy Cremoso Plain 清淡的 Mild
Satisfying llenador (que satisface) Good-looking 好看的

Ugly 丑的

* During the tasting sessions, attributes were listed and explained only in the
children's native language.
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(Kim et al., 2014). Considering these assumptions hundred and twenty
children were required for each country. Specifically, the Chilean
children population sample (n= 130) was composed of 45% female
and 55% male, the Chinese children population (n= 130) of 50% fe-
male and 50% male, and the American children population (n=124)
of 45% female and 55% male.

2.3. Data analysis

All ANOVA tests and correlations were performed using R Studio
based on R version 3.3.3. (R Development Core Team 2015). Penalty
analysis tests were run in XLSTAT-Sensory® (Addinsoft, 2019). The level
of significance was chosen at 5%.

A mixed model Analysis of Variance (ANOVA) with interactions was
run across all children's overall liking values for the 6 common vege-
tables samples tasted. The factors included were: country (Chile, China
and US), child's age (5–6 years old, 7–8 years old, 9–10 years old and
11–12 years old), child's gender (female or male) and product (broccoli,
corn, cucumber, mushrooms, potatoes and sweet peas). Only female
and male options were considered on the gender analysis, as no parti-
cipants selected the options “other gender” or “prefer not to answer”.
Subjects were treated as random effect, nested within the interaction of
country, age and gender, repeated across all products. For mean com-
parison, Fisher's least significant difference (LSD) multiple comparison
test was used.

To analyze the specific country effects on children's overall liking,
an individual mixed model ANOVA with interactions for each country
was run. The factors included were: Child's age (5–6 years old, 7–8
years old, 9–10 years old and 11–12 years old), child's gender (female
or male) and product (the 14 vegetables tasted in each country).
Subjects were treated as random effect, nested within the interaction of
age and gender, repeated across all product. For mean comparison, LSD
multiple comparison test was used.

To analyze the relationship between overall liking and the liking for
each specific sensory modality correlations and regressions were used.
The Pearson's correlation coefficient between overall liking and each
sensory modality for each country and for each specific age range was
run. Regressions were performed for each child and each sensory
modality to model overall liking based on the 14 vegetables scores. The
slopes and correlation coefficients of the regression were extracted, one
for each child and each sensory modality. An ANOVA was performed on
the slopes using sensory modality, country and child age as factors and
all two-way interactions. LSD tests were computed for the significant
main effects and interactions (Andersen, Brockhoff & Hyldig, 2019).

Penalty analysis was used to analyze the importance of different

sensory and hedonic descriptors on children's vegetable liking. All the
attributes that children checked on the CATA questions were analyzed
for each specific country and for each specific age range. The penalty
analysis results are presented on Mean Impact charts, which included
only the attributes that showed significant mean impact on children
overall liking assessed by Cochran's Q test.

3. Results

3.1. Comparison of children's hedonic ratings across the three countries

When children's vegetable liking for the 6 common vegetables
samples tasted (broccoli, corn, cucumber, mushrooms, potatoes and
sweet peas) was compared, we found significant differences in hedonic
rating among countries (F [2, 361]= 12.43, p < 0.001). Specifically,
children's preferences ratings were significantly higher in China
(M=5.59, SE= 0.06), followed by the US (M=5.27, SE: 0.07) and
finally Chile (M=4.95, SE= 0.08 (Fig. 1). Also, significant differences
in the evaluation of the different products (F [5, 1869]= 61.48,
p < 0.001) and the interaction between country and products was
found (F [10, 361]= 2.32, p < 0.001) (Fig. 2). No significant differences
were found for either child's age group or gender.

3.2. Hedonic ratings for each country

Analysis of children's overall liking for vegetables showed sig-
nificant differences among samples within each of the three countries
(Chile: F [13, 1677]= 42.78, p < 0.001; China F [13, 1677]= 27.71,
p < 0.001; USA: F [13, 1598]= 22.13, p < 0.001) (Figs. 3–5). There
was no significant difference in child age and child gender, nor were
there significant differences in the interaction of the factors evaluated
for any of the three countries.

Specifically, across the three countries the vegetables that were
rated as “like moderately” or more (mean score of 5 or higher) were:
lettuce, tomato, potatoes and avocado (in Chile); corn, potatoes, cu-
cumber and cauliflower (in China); corn and carrots (in the US). While
the vegetables that were rated as dislike (mean score of 4 or below)
were: asparagus and mushrooms (in Chile); eggplants (in China); and
mushrooms (in the US).

3.3. Regressions and correlation between overall liking and sensory
modalities

The results showed that in the three countries the ratings for overall
liking were statistically significantly correlated with the rating of liking
for each sensory dimension evaluated (appearance: 0.728, aroma:
0.760, taste 0.915 and texture 0.863) (p < 0.05). This result was
consistent for all child's age ranges analyzed (p < 0.05) (Table 3). The
analysis of the regression slopes show that taste and texture were more
closely related to liking, with slopes around 0.85, compared to about
0.73 for smell and appearance. Moreover, there was a trend for older
children to give modality scores more related to overall liking than
younger ones.

3.4. Penalty analysis

The drivers of vegetable overall liking of Chilean children based on
the CATA questions answered by children are plotted by age range on
Fig. 6. In Chile the main attributes that showed significant mean impact
on increasing overall liking (p < 0.05) were: “yummy”, “fun”, “aro-
matic”, “flavorful” and “fresh”, while the attributes that showed sig-
nificant impact on decreasing overall liking were: “boring” and
“yucky”. The age group 11–12 years old showed more significant at-
tributes that increase overall liking than the other age groups, and was
the only group of age that did not show significant attributes able to
decrease overall liking. All the attributes that showed significant mean

Fig. 1. Mean ratings on the 7-point hedonic scale and standard error of the
mean for children's vegetable liking in Chile (n= 130), China (n= 130) and
the US (n=124), for the 6 common vegetables samples tasted (broccoli, corn,
cucumber, mushrooms, potatoes and sweet peas). Means with different super-
scripts are significantly different at p < 0.05.
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impact on Chilean children overall liking fluctuated between −4.5 and
4.5 point of the 7-point hedonic scale (for the four age groups ana-
lyzed).

Fig. 7 showed the significant drivers of vegetable overall liking for
Chinese children according to the CATA questions answered by children
and their degree of overall liking of the samples. Specifically, for Chi-
nese children the attributes that showed significant mean impact on
increasing overall liking (p < 0.05) were: “fresh”, “yummy”, “good
looking” and “soft” (5–6 years old); “good looking”, “yummy” and
“juicy” (7–8 years old); “umami”, “yummy”, “good looking”, “sweet”,
“fresh”, “juicy” and “aromatic” (9–10 years old); and “fun”, “fresh” and
“yummy” (11–12 years old). Only the age range 9–10 years old showed
a significant attribute able to decrease overall liking, which was
“yucky”. All the attributes that showed significant mean impact on

Chinese children overall liking fluctuated between −1.5 and 1 point of
the 7-point hedonic scale (for the four age groups analyzed).

In the US, the main drivers of vegetable overall liking that showed
significant impact on increasing children's overall liking (p < 0.05)
were: “yummy”, “fun”, “sweet”, “flavorful”, “fresh” and “juicy” (Fig. 8).
The attributes that showed significant impact on decreasing overall
liking varied according to the different age groups: “mushy”, “smelly”,
“boring” and yucky” (5–6 years old); “mushy” and ““yucky” (7–8 years
old); and “yucky” (9–10 years old). No significant attributes that de-
crease overall liking on 11–12 years old were found. All the attributes
that showed significant mean impact on American children overall
fluctuated between −3.5 and 3.5 point of the 7-point hedonic scale (for
the four age groups analyzed).

Fig. 2. Mean ratings on the 7-point hedonic scale and standard error of the mean for children's vegetable liking on the 6 common vegetables samples tasted across
Chile, China and the US (CL n= 130; CN n=130; US n= 124). Means with different superscripts are significantly different at p < 0.01.

Fig. 3. Samples' mean ratings on the 7-point hedonic scale and standard error of the mean of Chilean children's liking (n=130) for the 14 vegetable samples tasted.
Means with different superscripts are significantly different at p < 0.01.
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4. Discussion

4.1. Children's vegetable liking - the effect of different cultures and products

This study showed differences in children's vegetables preferences
as a function of country of origin. Specifically, when children's vege-
table overall liking was compared among the 3 countries, we found that
in China children liked vegetables more than in the US, and in the US
more that in Chile. Those differences could indeed be due to children
liking less the vegetables in Chile than in the US, and in the US less than
in China, or to children using the hedonic scale differently in these
countries. The use of the hedonic scale in different countries has been
compared between American adult consumers and Asian adult con-
sumers, with Americans using a wider range of the scale, while Asians
tended to avoid the extremes of the scale (Yao et al., 2003; Yeh et al.,
1998). Our results are not in agreement with these findings, which can

be due to the fact that we studied children instead of adults. However,
considering that children are less influenced by cognitive factors that
could affect the use of the hedonic scale by adult populations, it is
possible that children's answers were not influenced by cultural dif-
ferences in the use of scales. In this regard, we think that the differences
in overall liking scores between countries found in this study were due
to real differences in overall liking.

The higher overall liking scores given by Chinese children versus
American children can be due to Chinese children liking a wider variety
of vegetables than American children. When we compared the 6
common samples tasted in the three countries it was possible to see that
3 of these 6 samples were liked moderately or more in China (corn,
potatoes and cucumber), versus only one sample that was liked mod-
erately or more in the US (corn). From this same list of 6 samples, there
were no samples that were rated with a “disliked” by Chinese children,
while American children rated one sample as disliked (mushrooms).

Fig. 4. Samples' mean ratings on the 7-point hedonic scale and standard error of the mean of Chinese children's liking (n= 130) for the 14 vegetable samples tasted.
Means with different superscripts are significantly different at p < 0.01.

Fig. 5. Samples' mean ratings on the 7-point hedonic scale and standard error of the mean of American children's liking (n= 124) for the 14 vegetable samples
tasted. Means with different superscripts are significantly different at p < 0.01.

K. Estay, et al. Appetite 142 (2019) 104346

6



Analyzing all the samples tasted in each country, we observed that in
the US 8 samples (of the 14) were rated with “like slightly” or higher, in
comparison with 10 samples in Chile and 10 samples in China. The
comparison between the number of samples that obtained score 4 or
less (“neither like or dislike” or less) were 8 in the US, and 4 in Chile
and 4 in China. Therefore, if we compare the three countries, American
children liked a smaller variety of vegetables (measured as overall
liking) than Chilean and Chinese children. On the other hand, the lower
overall liking scores given by Chilean children was not due to a smaller
variety of vegetables liked. Rather, their scores were lower than the
scores given by children in the other two countries.

The statistics of children's vegetable consumption support the re-
sults of our study, Specifically, according to the Health and Nutritional
Survey of China on 2009–2010 Chinese children (6–17 years old)
consume on average 226 g of vegetable at day. For the same period of
time, the National Health and Nutrition Examination Survey of the
United States State reported that American children (5–18 years old)
consume on average 95 g of vegetable at day. For the case of the
National Health survey of Chile, the group of 15–24 years old is the
youngest age group surveyed, which vegetable consumption is reported

on 104 g at day for the same period of time. The different age group
assessed in Chile does not allow to make a direct comparison with
China and the US. Even though it is clear that China is the country that
shows the highest level of vegetable intake, which support the higher
level of vegetable liking found in our study.

Between the samples that were liked moderately or more by chil-
dren were: lettuce (CL), tomato (CL), potato (CL and CN), corn (CN and
US), cucumber (CN), cauliflower (CN) and carrots (US), while the
samples that were disliked were: Asparagus (CL), mushrooms (CL and
US) and eggplants (CN). All the samples liked moderately or more, are
not bitter and some of them are sweet (carrots), and others are starchy
(potato and corn). One of the reasons that has been used to explain the
low vegetable intake by children has been the intrinsic sensory char-
acteristics of the vegetables. Vegetables usually are not sweet, some-
times are bitter (Drewnowski & Gomez-Carneros, 2000), and generally
have low energy density (Gibson & Wardle, 2003). The analysis of the
liking of vegetables that are exceptions of these sensory characteristics
and a comparison with other samples can be interesting from the pro-
motion of vegetable consumption point of view. For instance, it could
be assumed that children would prefer potato to other vegetables

Table 3
Pearson's correlation coefficient of each modality-specific liking to overall liking by children's age (5–6 yrs n= 104, 7–8 yrs n= 94, 9–10 yrs n=95, 11–12 yrs
n= 91). All correlations were statistically significant (p < 0.05). ∗ Regression slopes of overall liking and liking of each sensory modality. ∗∗ Regression slopes of
overall liking and liking by sensory modalities at different age ranges. Means with different superscripts are significantly different at p < 0.05.

5–6 yrs. 7–8 yrs. 9–10 yrs. 11–12 yrs. Regression slope∗

Correlation Overall liking-Appearance 0.705 0.736 0.754 0.741 0.739b

Correlation Overall liking-Aroma 0.724 0.775 0.778 0.787 0.735b

Correlation Overall liking-Taste 0.902 0.904 0.932 0.939 0.841a

Correlation Overall liking-Texture 0.845 0.867 0.878 0.885 0.868a

Regression slope∗∗ 0.766b 0.78ab 0.818a 0.82a

Fig. 6. Mean impact chart for Chilean children at four different age ranges. Mean impact chart shows the attributes with a significant mean impact (p < 0.05) on
children overall liking scores based on the attributes that children used to describe the samples (CATA) and their overall liking scores (n= 130).
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samples, considering its higher energy density (Gibson & Wardle,
2003). However, our results showed that potato was liked the same
(measured as overall liking) as lettuce (CL), tomato (CL), cucumber
(CN), cauliflower (CN) and broccoli (US). It is possible to think that
strategies oriented increasing intake of vegetable that are liked the
same as potatoes can be more successful. However, more information is
needed to corroborate this idea. Also, it is important to highlight that
specific population have different vegetable preferences, in this sense,
the results of these study reflect the preferences of an educated popu-
lation of children in Davis (California) in Santiago (Chile) and in Wuxi
(China).

When the effect of child age on vegetable overall liking was ana-
lyzed there were no significance differences found. Previous studies
have shown the importance of food exposure in the development of
food preferences (Barends et al., 2013; Birch et al., 1998; Birch &
Marlin, 1982; Harris, 2008; Menella & Beauchamp, 2005). According to
this, as children get older, they have more chances to try different kinds
of vegetables and thus they can increase their vegetable liking. How-
ever, our results did not support this idea. This can be because increased
exposure is not the only factor involved in liking. Marty et al. (2018)
have observed that liking increases based on a positive exposure, which
can be more difficult to achieve with vegetables, considering the in-
trinsic sensory characteristics previously described (bitterness, low
sweetness and low energy content). Even if a significant effect of child
age was not observed on the vegetable overall liking, it is possible that a
trend was present (considering an almost significant effect found in
Chile: p-value 0.056).

The effect of child gender on the overall vegetable liking rating was
not observed to be significant in our study. The literature is not con-
clusive about the effect of gender on children's food preferences.
Despite that, it seems that the majority of the studies show a higher

association of vegetable intake in girls than in boys (Brug et al., 2008;
Perry et al., 1998; Rasmussen et al., 2006; Reynolds et al., 1999).
However, the majority of these studies assess children's vegetable liking
using surveys only, while in our study children tasted the vegetables. It
is possible that these different results were found due to the different
kind of methodology used.

4.2. Degree of liking of different sensory modalities and the factors involved

Children's degree of liking was evaluated on four different sensory
modalities: appearance, aroma, taste and texture. When the correlation
between the rating of overall liking and the degree of liking of each
sensory dimension was evaluated, the results of our study showed
consistent results between the three countries analyzed and for the four
age groups. All the correlations were positive and significant, and taste
and texture were more correlated with overall liking than aroma and
appearance. This result is supported by the work of Moskowitz and
Krieger (1993), who studied the effect of different sensory modalities
on consumer acceptance, finding that taste/flavor is consistently the
best predictor of overall liking for consumers. In contrast with our
study, their study was done with adults, specifically with American
women and using the terms of taste and flavor interchangeably. The
term of “taste” is commonly used by consumers to denote the concept of
flavor, which includes a more complex group of sensations, including
taste and olfaction (Birch, 1999). In this sense it is likely that children in
our study also evaluate taste as the combination of taste and retro-nasal
olfaction. The results of our study showed that texture is equally im-
portant as taste/flavor in the evaluation of children's overall vegetable
liking. This result is supported by previous studies that have found that
texture is a sensory modality intimately related to children's food pre-
ferences (Russell & Worsley et al., 2013; Werthmann et al., 2015).

Fig. 7. Mean impact chart for Chinese children at four different age ranges. Mean impact chart shows the attributes with a significant mean impact (p < 0.05) on
children overall liking scores based on the attributes that children used to describe the samples (CATA) and their overall liking scores (n= 130).
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Moreover, texture has been described as an import sensory modality in
determining food rejection in adults (Martins & Pliner, 2006). Vege-
tables are commonly rejected by children, and this can be part of the
explanation of the importance of texture in understanding children's
vegetable preferences.

4.3. Children's descriptions of vegetables and its influence on overall liking

In this study we examined the sensory and hedonic attributes that
children used to describe the samples using CATA and how these at-
tributes related with children's vegetable overall liking in the three
countries analyzed. The use of CATA has been found to be an inter-
esting method that can be used to understand drivers of overall liking in
childhood (Laureati et al., 2017; De Pelsmaeker, Schouteten, &
Gellynck, 2013). Moreover, by using hedonic CATA attributes in our
study we were able to validate the use of CATA descriptors by our
sample of children in the three countries by observing that children
were using the hedonic CATA attributes consistently with the overall
liking scores. Across the three countries children used the hedonic at-
tributes “yummy” and “fun”, and the sensory attributes “fresh”, “sweet”
and “juicy” to describe the samples that they liked. Among the attri-
butes negatively correlated with overall liking, across the three coun-
tries children used the hedonic attributes “yucky” and “boring” and the
sensory attributes “dry” and “smelly”. Even if children in the three
countries tasted different vegetables and under different preparations
they coincided with the use of the sensory descriptors “fresh”, “sweet”,
and “juicy” as important positive attributes that correlated with their
overall liking preferences, this can be interesting information in the
design of messages to promote children's vegetable intake. The use of
messages to promote healthy eating habits in children has been ana-
lyzed under different conditions (De Droog, Valkenburg, & Buijzen,

2010; Maimaran & Fishbach, 2014). Studies have shown that messages
that emphasized the good taste of a food are more effective on in-
creasing children's consumption than messages that encourage the
consumption using messages based on positive consequences post
consumption (e.g. get stronger, bigger or healthier) (Maimaran &
Fishbach, 2014; Marty et al., 2017). From the list of positive attributes
that children used to describe vegetables that they like in this study,
sweet is an attribute that is not very common in the vegetables. How-
ever, fresh and juicy are attributes that are applicable to a wider range
of vegetables. The potential use of sensory attributes to promote ve-
getable consumption in children can be an interesting topic to analyze
in future studies.

When we analyzed the significant drivers of overall liking for the
three countries and for the four different age groups, by the use of
penalty analysis with CATA, we observed an important difference in the
impact of the hedonic scale between the different countries analyzed.
Specifically, in Chile and in China the attributes that children used to
describe the samples that showed significant impact on children overall
liking, showed and impact between −4 and 4 points in the 7-point
hedonic scales. While in China the impact of the attributes was in the
range of −1.5 to 1 point. In this sense, the attributes used by Chinese
children to describe the samples showed a lower impact on their overall
liking than the attributes used by Chilean and by American children.
Therefore, it is possible that these sensory attributes are not as affective
to promote vegetable consumption in Chinese children, in comparison
with the attributes used by children in Chile and in the US.

The analysis of significant drivers of overall liking based on CATA
showed differences across the different age ranges analyzed. For the
three countries children in the range of age 11–12 years old did not
show any attributes with negative impact on children overall liking.
While for the group of ages 5–6, 7–8 and 9–10 we found at least one

Fig. 8. Mean impact chart for American children at different age ranges. Mean impact chart shows the attributes with a significant mean impact (p < 0.05) on
children overall liking scores based on the attributes that children used to describe the samples (CATA) and their overall liking scores (n= 124).
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significant attribute that decrease overall liking only hedonic attributes
(in China, it was only observed for the group 9–10 years old). This can
be explained by a reduction tendency of food neophobia during child-
hood (Hursti & Sjoden, 1997), which have been related with levels of
pickiness. However, we need to be cautious with this analysis, con-
sidering that our data is not able to support an increase of liking as
children age, and it only suggested a possible trend.

In this study we used a large number of CATA descriptors. In order
to support children on using the whole list of attributes, many trained
assistants were used during the tasting sessions. During the tasting
sessions, trained assistants were in charge of helping children to per-
form their evaluation. Especially, for the younger group (5–6 years old)
there were assistants that sat with the children and read to them the list
of the descriptors. Our results showed that the strategy used was suc-
cessful. Specifically, we found significant attributes to describe the
samples at the beginning, middle and end of the list (the order of the
CATA terms used in the three countries was fixed). Therefore, children
successfully read (or were helped to read) successfully the whole at-
tribute list. For future studies we suggest taking into account that a
higher number of descriptors needs a higher number of assistants
helping participants to perform the task.

5. Conclusions

Food preferences are key drivers of children's vegetable intake
(Drewnowski, 1997; Gibson et al., 1998). The understanding of how
these preferences develop during childhood is fundamental to the
successful promotion of vegetable consumption. This study sought to
contribute to a broader understanding of children's vegetable pre-
ferences through childhood, by including the analysis of three different
cultural groups in their own country. Our results showed that culture is
an important factor that influences children's vegetables preferences.
However, child gender and child age did not have a significant impact
on children's overall liking of vegetables. Specifically, when the 6
common vegetable samples were analyzed we found that children in
China liked these vegetables samples more than children in the US, and
in turn, children in the US liked these vegetable samples more than
children in Chile. Moreover, children in the US liked a smaller variety of
vegetables than children in Chile and in China. Liking of taste and
texture were the sensory modalities that showed the highest level of
correlation with overall liking of the samples, for all four age groups.
Across the three countries the use of the attributes “fresh”, “sweet” and
“juicy” to describe the samples was significantly related with an in-
crease in overall liking. These attributes could be used in messaging
that aims to promote vegetable consumption in children.
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