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 A pictographic questionnaire was developed and validated to measure 

children’s texture preferences. 

 Children showed consistency in food choice between questionnaire and 

tasting. 

 The questionnaire demonstrated test-retest repeatability and validity. 

 Differences in preferences for hardness or particle content of foods were 

identified. 

 

Highlights

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



A forced-choice pictographic method to measure food texture preferences 1 

among schoolchildren 2 

 3 

Sigrid Skouw1*, Ching Yue Chow1, 2*
, Helle Sørensen3, Anne C. Bech2, Monica Laureati4, 4 

Annemarie Olsen1, Wender L.P. Bredie1 5 

 6 

1 Section for Food Design and Consumer Behaviour, Department of Food Science, 7 

University of Copenhagen, Frederiksberg C 1958, Denmark 8 

2 Arla Innovation Centre, Arla Foods AMBA, Aarhus N 8200, Denmark 9 

3 Data Science Lab, Department of Mathematical Sciences, University of Copenhagen, 10 

Copenhagen Ø 2100, Denmark 11 

4 Department of Food, Environmental and Nutritional Sciences, University of Milan, Milan 12 

20133, Italy  13 

* Both authors contributed equally to this manuscript. 14 

+ Correspondence: wb@food.ku.dk  15 

 16 

 17 

Abstract 18 

Methods for measuring food texture preferences in children are based on forced-choice 19 

questionnaires where children select their preferred texture within food pairs. However, 20 

the validity of these methods has not been well documented. This study aims to develop 21 

and validate a questionnaire based on pictographic drawings of 12 pairs of foods differing 22 

in hardness or particle content. Children aged 7 to 10 years (n = 97) completed the 23 

questionnaire. Three weeks later, a subgroup of these children (n = 75) performed a paired 24 

comparison preference test using actual food stimuli corresponding to 6 food pairs in the 25 

questionnaire and an acceptance test on two foods varying in the level of hardness (cheese) 26 

or particle content (yogurt). Another group of the children (n = 21) was re-tested with the 27 

questionnaire. The average probability of agreement between children’s choices in the 28 

questionnaire and paired-preference test was 0.64, while the re-testing was 0.83. In both 29 

assessments, the agreement probability was significantly above the chance level, and 30 

there was no significant effect of age or gender. The questionnaire results showed 31 

differences in preferences for the two textural dimensions. Children showed a lack of a 32 

common pattern of hardness preference but a preference for foods without particles. 33 

Individual differences in particle preferences were related to food neophobia level, gender, 34 

and liking of yogurt varying in the amount of added fruit pieces. The results demonstrated 35 

the validity and usefulness of the pictographic method to study differences in children’s 36 

texture preferences. 37 
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 41 

1. Introduction 42 

Texture is a salient attribute that plays a key role in food acceptance in children. 43 

Szczesniak (1972) suggested that children have innate preferences for textures that are 44 

easy to control and manipulate in the mouth. Studies have investigated specific 45 

parameters of texture and their influences on food acceptability. Particulate (Lukasewycz 46 

& Mennella, 2012; Wardle & Cooke, 2008; Werthmann et al., 2015), gritty and tough 47 

(Donadini et al., 2012; Szczesniak, 1972), and mushy and slimy (Baxter et al., 1998; 48 

Boquin et al., 2014; Estay et al., 2019) textures were reported as drivers for food 49 

rejections in children. The development of texture preferences in children is important for 50 

acquiring healthy eating habits. Food texture sensitivity in children has been associated 51 

with picky eating and lower food intake (Ross et al., 2021). Preferences for soft and 52 

smooth textures are also associated with reduced consumption of vegetables in children 53 

(Laureati et al., 2020). However, there are limited tools available to assess food texture 54 

preferences in children comprehensively.  55 

Existing methods for measuring texture preferences in children are based on forced-56 

choice questionnaires. Children select their preferred foods within food pairs differing in 57 

textures (i.e., hard versus soft or lumpy versus smooth) (Laureati et al., 2020; 58 

Lukasewycz & Mennella, 2012). These measures provided insight into inter-individual 59 

differences, such as the effect of gender, age, and cultural background on texture 60 

preferences. Relating the measure with other developmental aspects in children may also 61 

identify factors underpinning texture rejections, for instance, sensitivity towards food 62 

textures, oral tactile perceptions, food neophobia, and picky eating (Appiani et al., 2020; 63 

Cappellotto & Olsen, 2021; Lukasewycz & Mennella, 2012; Ross et al., 2021). In previous 64 

studies (Laureati et al., 2020; Lukasewycz & Mennella, 2012), preferences were quantified 65 

by counting the number of ‘hard’ foods selected over ‘soft’ foods or the number of ‘with 66 

particles’ foods selected over ‘no particles’ foods by each participant and calculated as a 67 

ratio or score. It was reported that children have a general preference for softer and non-68 

particulate textures compared to adults. Recently, the Child Food Texture Preference 69 

Questionnaire (CFTPQ) identified segments of children with different texture preferences 70 

(i.e., hard- versus soft-likers) that varied in their consumption of healthy foods and levels 71 

of food neophobia (Laureati et al., 2020).  72 

The CFTPQ developed by Laureati et al. (2020) assessed the test-retest reliability and 73 

found an association with behavioral measurements (e.g., food neophobia) in an expected 74 

direction, which indicated the appropriateness of the questionnaire. However, no work has 75 
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been reported on validating forced-choice questionnaires with actual food stimuli. 76 

Research on the reliability of hedonic measurement showed that for children, age-related 77 

changes in cognitive skills are an important factor in the repeatability of their choice during 78 

experiments (Köster et al., 2003; Léon et al., 1999). In like manner, children could be 79 

inconsistent with their choice in the questionnaire and food tasting. Therefore, there is a 80 

need to update the existing methods to improve the validity. The criteria used to assess 81 

the validity of a forced-choice questionnaire could be to verify the ability of the 82 

measurement to predict children’s preferences measured with actual food stimuli within a 83 

short period. For instance, the conjoint layout to measure children’s visual preferences 84 

was compared with their actual choice with real products (Kildegaard et al., 2011). 85 

Evaluating children’s agreement in re-testing the same questionnaire would indicate the 86 

repeatability of the method (DeVellis, 2017).  87 

It is widely believed that presenting text with illustrations helps enhance children’s 88 

attention and facilitates their understanding of the information, for example, the 89 

prevalence of illustrations in children’s storybooks or the use of representational pictures 90 

in textbooks to improve children's comprehension and recall (Carney & Levin, 2002). The 91 

forced-choice methods developed by Laureati et al. (2020) and Lukasewycz & Mennella 92 

(2012) used photographs to present food pairs differing in textures. In contrast, 93 

pictographic drawings may allow a more general presentation of food concepts and 94 

recognition in children. For example, a drawing of sliced bread can be more versatile in 95 

communicating the concept of “bread in general” than a photo of “real, specific bread”.  96 

The present study aims to assess a new forced-choice method to measure texture 97 

preferences in children. For this purpose, a questionnaire consisting of pictographic 98 

drawings of 12 food pairs was developed and completed by schoolchildren aged 7 to 10 99 

years. The validity of the method was assessed by paired comparison preference and 100 

acceptance tests using actual food stimuli corresponding to the food pairs and re-testing 101 

the questionnaire. Individual differences in texture preferences among children were also 102 

investigated. 103 

 104 

2. Materials and methods 105 

2.1. Participants 106 

Children from the first and third grades (7 to 10 years) were recruited from elementary 107 

schools in Copenhagen, Denmark. Children’s participation in the study was voluntary, and 108 

their parents were thoroughly informed about the research. The parents gave written 109 

consent to their children’s participation and the use of data for research, and the invited 110 

children also gave verbal consent. A total of 109 children participated in the study, of 111 

which data from 97 children were included in the analysis. Data from 7 children were 112 
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excluded because of lacking parental consent to use data for research. The children’s 113 

characteristic per grade is reported in Table 1. The study protocol was submitted to the 114 

Danish National Committee on Biomedical Research Ethics for review. It was concluded 115 

that formal approval of the study was not required (reference no.: 19071689).  116 

 117 

2.2. Development of the pictographic questionnaire 118 

The pictographic forced-choice questionnaire presented drawings and descriptions of 119 

12 pairs of foods that varied in hardness (soft versus hard) and particle content (no-120 

particles versus with-particles) (Table 2).  These drawings were specifically developed for 121 

the questionnaire to highlight the texture differences in foods.  122 

Children had to choose their favorite food among the two. Thus, the questionnaire 123 

was developed as a series of paired comparison tests, which is suitable for testing with 124 

children over 2 years (Guinard, 2000). The textural differences within food pairs aligned 125 

with the common textural descriptor classes – mechanical and geometrical properties in 126 

foods (Szczesniak, 1963). In the initial phase of questionnaire development, attention was 127 

put on generating appropriate food pairs that met the following criteria:  128 

1. Items within food pairs were contrasted in the textural properties. Differences in other 129 

sensory properties (i.e., flavor and taste) should be minimal.  130 

2. The food items should often be consumed by schoolchildren such that children would 131 

be familiar with the textures in pairs.  132 

3. The ‘hard’ or the ‘with-particles’ items represented a range of hardness/particle size 133 

available in foods. 134 

4. The food pairs represented a balanced variety of foods for daily consumption, e.g., 135 

fruit and vegetables, dairy, cereals, and sweets.  136 

 137 

2.3. Procedures 138 

Children took part in two sessions that were conducted three weeks apart. In the first 139 

session, children completed the pictographic questionnaire and the Child Food Neophobia 140 

Scale (Pliner, 1994). In the second session, the validity of the questionnaire was assessed 141 

using a combined approach. A subgroup of children (n = 75) completed two taste tests, 142 

including a paired comparison texture preference test (hereafter referred to as paired-143 

preference test) and an acceptance test, whereas the other group of children (n = 21) was 144 

re-tested with the questionnaire. Children were randomly assigned to the two groups. Fig. 145 

1 shows the study design, the aim, and details of each test.  146 

All sessions were conducted in classroom settings. Before the start of each session, 147 

an experimenter explained the procedures to the class. Teachers and assistants stayed in 148 

the classroom to assist children in completing the tests. The children completed 149 
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questionnaires and taste tests using laptops or tablets available in schools. They were told 150 

not to exclaim their preferences or liking aloud when answering questions. 151 

 152 

2.3.1. Session 1: Completing the questionnaires  153 

Children were provided an oral definition of texture as “the texture of the food is how 154 

the food feels in the mouth: it can for example be hard or soft, and with or without pieces”. 155 

Children had to fill in a questionnaire concerning their age, gender, grade, and the number 156 

of teeth missing (counted if half or less of a new tooth had grown out). Children also 157 

completed the 6-item Child Food Neophobia Scale (Pliner, 1994). Each item was scored 158 

on a 5-point scale from ‘strongly disagree’ to ‘strongly agree’, with the total scores ranging 159 

from 6 (neophilic) to 30 (neophobic). 160 

Subsequently, children completed the pictographic questionnaire on food texture 161 

preferences. For each food pair, children were presented with the drawings of the two 162 

foods in sequence and were asked to indicate their familiarity: “Have you tasted food name 163 

before? Yes, I have tasted it before / No, I have never tasted it”. Then, the drawings of 164 

that food pair were displayed side-by-side. The child was asked to select the one food they 165 

preferred: “Which one do you prefer?”. The presentation of the 12 food pairs and the pair 166 

members were randomized between classes. The experimenter read the questions for the 167 

first food pair loud in the plenum to ensure the children understood the test. The children 168 

completed the remaining questions individually. 169 

 170 

2.3.2. Session 2: Method validation 171 

The method validation consisted of paired-preference and acceptance tests with actual 172 

food stimuli and the questionnaire retest (Fig. 1). All tests were conducted at the same 173 

time in the classrooms. Children were seated in groups according to their assigned tests, 174 

and their participation in each test was voluntary.  175 

The paired-preference test assessed the predictability of the questionnaire to 176 

children’s preferences for the corresponding food pairs in reality. The test was based on 6 177 

food pairs selected from the questionnaire, representing the hardness and particle 178 

dimension of texture: carrot, bread (hardness dimension), cheese, orange juice, 179 

strawberry jam, and strawberry yogurt. The food samples were presented with 180 

descriptions (see Table 2 for more details). Children received one food pair placed on a 181 

plate at a time, tasted both samples, and answered which samples they preferred. Children 182 

were instructed to drink water between tastings for palate cleansing. The next food pair 183 

was served when all children in the classroom had indicated their preferences on the 184 

current food pair. The presentation of the 6 food pairs and the position in the pair were 185 

randomized between classes.  186 
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The acceptance test examined the questionnaire's predictive validity to explain 187 

children’s acceptance of foods differing in the levels of hardness or particle content. In the 188 

test, children were asked to evaluate their liking of cheese and strawberry yogurt. Cheese 189 

samples with three levels of hardness (i.e., soft, medium-hard, and hard) were prepared 190 

by different cutting: grated, sliced, and cubed of the same type of cheese. Yogurt samples 191 

with three levels of particle content (i.e., no particles, some particles, and many particles) 192 

were prepared by varying the amount of the added fruit pieces. The samples were 193 

presented on a plate in sequence. For each sample, children rated their liking on a 7-point 194 

smiley scale (Chen et al., 1996). The cheese and yogurt samples were served in a random 195 

order per class.  196 

For the questionnaire retest, children completed the questionnaire following the same 197 

procedures as in the first session.  198 

 199 

2.3.3. Pilot study 200 

A pilot study was designed to learn children’s understanding of food pairs and their 201 

drawings and the test procedures. Five children aged between 6 and 10 years were pre-202 

tested with the pictographic questionnaire and validation tests. Minor modifications were 203 

made concerning the scale use and test instructions.  204 

 205 

2.4. Data analyses 206 

To access the validity of the pictographic method, children’s agreement between their 207 

responses in the questionnaire and the paired-preference test with actual food, as well as 208 

in the test-retest was computed for each food pair (i.e., Yes or No). For both assessments, 209 

the probability of agreement was examined by a generalized linear mixed model (GLMM) 210 

logistic regression. The model used agreement as the outcome, including fixed effects of 211 

Food pair, School grade, and Gender and random effects of Children and Class. In both 212 

models, the estimated probability of agreement for each food pair was compared with the 213 

chance level of 0.5. 214 

Children’s texture preference for each food pair was coded 1 for the ‘hard’ or ‘with-215 

particles’ food and 0 for the ‘soft’ or ‘no-particles’ food. A GLMM logistic model considering 216 

Preference (1 or 0) as the outcome, fixed effects of Texture dimension (hardness or 217 

particle content), Food pair, Missing teeth (with or without), and Food neophobia score 218 

was used. The model was adjusted for School grade and Gender and included random 219 

effects of Children and Class. To better understand the relative contribution of children’s 220 

background variables on preferences, data were further analyzed separately for the 221 

hardness and particle dimension with the same fixed effects (except for Texture dimension) 222 

and random effects as above.  223 
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To further identify major differences in texture preferences among children, a Latent 224 

Class Analysis (LCA) with two classes was performed on the questionnaire data separately 225 

for the hardness and particle dimensions. For each texture dimension, differences across 226 

the two clusters identified were compared by the Wald test (χ2) along with p-values and 227 

R2. The distributions of school grade and gender between the two clusters were further 228 

compared with Pearson's chi-squared test. 229 

Children’s liking of yogurt was analyzed using a linear mixed model, with Level of 230 

particles in yogurt (No particles, some particles, or many particles), Particle preference 231 

cluster identified from the LCA, and their interactions as fixed effects, Children and Class 232 

as random effects, and adjusted for School grade and Gender. Since no hardness 233 

preference clusters were identified from the LCA, the liking of cheese was analyzed using 234 

a similar model as above. However, it only included Level of hardness in cheese (Soft, 235 

Medium-hard, or Hard) as a fixed effect. Tukey’s HSD test was used for post hoc 236 

comparison when appropriate. 237 

Significance was set at p < 0.05 for all analyses. Estimated marginal means (EMM’s) 238 

were used to report the effects of categorical variables. Statistical analysis was performed 239 

using R version 3.6.3 (R Core Team, 2020). Latent class analysis was carried out in Latent 240 

Gold 5.1 (Statistical Innovation, Belmont, USA).  241 

 242 

3. Results 243 

3.1 Inter-session agreement 244 

After filling out the questionnaire in the first session, each child either completed the 245 

paired-preference test with actual food or re-tested the questionnaire in the second 246 

session. Table 3 shows the probability of agreement between the two sessions.  247 

For children who completed the paired-preference test with actual food, the average 248 

probability of agreement across the 6 food pairs was 0.64 (95% CI: 0.59 – 0.69), which 249 

was significantly different from the chance level of 0.5 (p < 0.0001). The probability of 250 

agreement differed significantly between food pairs (p = 0.0001). There was no significant 251 

effect of gender or school grade. The cheese showed the lowest level of agreement (0.40), 252 

followed by the bread (0.58). Post-hoc comparisons showed that the probability of 253 

agreement for these two food pairs was not significantly different from chance.  254 

The average probability of agreement in the questionnaire test-retest across all food 255 

pairs was 0.83 (95% CI: 0.77 – 0.87). The value was significantly different from 0.5 (p < 256 

0.0001). There was no effect of food pair on the probability of agreement (p = 0.25) 257 

(Table 3).  258 

 259 
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3.2. Food texture preferences 260 

The probability for children to prefer hard food to soft food or with-particles food to 261 

no-particles food within each food pair is shown in Table 4. In the table, a value above 262 

0.5 corresponds to preferences for hard foods or with-particles foods.  263 

The average probability for preferring the hard food was 0.47 (95% CI: 0.42 – 0.52) 264 

and for preferring the with-particles food was 0.24 (95% CI: 0.20 – 0.29). The difference 265 

between the two texture dimensions was significant (p < 0.0001). These results suggested 266 

that children did not show directions of preferences for hard or soft foods but a clear 267 

preference for foods without particles. Children who scored higher in food neophobia score 268 

(i.e., more neophobic) had a significantly higher likelihood to prefer soft/no-particles foods 269 

(p = 0.042).  270 

The same model, conducted separately on each texture dimension, further revealed 271 

that the effect of food neophobia was only significant for particle preferences (p = 0.023) 272 

but not for hardness preferences (p = 0.62). A unit increase in the FNS score was 273 

estimated to lower the odds of preferring with-particles foods by 8.5% (95% CI: 1.3% – 274 

15.2%). For each texture dimension, the preference for individual food pairs was 275 

significantly different (hardness: p < 0.0001, particle: p = 0.0002). There was no effect 276 

of gender, school grade, or the presence of missing teeth on preferences in any of the 277 

models. 278 

 279 

3.3. Preference segmentation  280 

Two clusters were identified by LCA on the hardness and particle dimension, 281 

respectively (Appendix Table 1 and 2). The food pairs are sorted in the table according 282 

to the size of the difference between clusters. 283 

In the hardness dimension, the results showed cluster sizes of 74% and 26%, which 284 

however could not be identified by a specific texture preference as a significant difference 285 

between the two clusters was identified only for the apple pair (p = 0.035). Because of 286 

the lack of differences between the two clusters, they were not used for further analysis 287 

as a measure of hardness preference clusters. 288 

Two distinct clusters were identified for the particle dimension: ‘no particles’ with 57 289 

children (60%) and ‘with or without particles’ with 38 children (40%). Significant 290 

differences between the two clusters were identified for 5 of the 6 food pairs: orange juice 291 

(p = 0.036), tomato soup (p = 0.0027), strawberry jam (p = 0.0002), strawberry yogurt 292 

(p = 0.0003) and bread 2 (p = 0.015) (Fig. 2). 293 

Children in the ‘no particles’ cluster had strong preferences for foods without particles.  294 

The percentage of preferring no-particles foods ranged from 85% to 94%. In the ‘with or 295 

without particles’ cluster, the no-particles foods in orange juice, tomato soup, and bread 296 

were also preferred by most children, but to a lesser extent than children in the ‘no 297 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



particles’ cluster. However, children in the ‘with or without particles’ cluster showed 298 

reversed responses for the strawberry yogurt and strawberry jam pairs, where the 299 

majority preferred the with-particles versions. The peanut butter pair was not 300 

discriminated between the two clusters.  301 

The results of chi-square tests showed that the relation between particle preference 302 

clusters and gender was significant (p = 0.05). Girls were more likely than boys to be 303 

segmented into the ‘no particles’ cluster. There was no significant association between 304 

particle preference cluster and school grade (p = 0.79).  305 

 306 

3.4. Acceptance of cheese and yogurt differing in textures 307 

To assess the link between the questionnaire responses and children’s acceptance of 308 

texture, children also completed an acceptance test to evaluate their liking of foods 309 

differing in hardness (i.e., cheeses) and particle content (i.e., yogurts).  310 

No effect of the level of particles was found on the liking of yogurts. However, there 311 

was a significant interaction effect between particle preference cluster and level of particles 312 

(p = 0.036). Post-hoc tests revealed that children in the ‘no particles’ cluster had a 313 

significantly lower liking for the sample with many particles than with no particles (p = 314 

0.009, mean value 4.8 vs. 5.8), whereas children in the ‘with or without particles’ cluster 315 

expressed the same liking to all samples (no particles: 5.4, some particles: 5.3, many 316 

particles: 5.4; Fig. 3).  317 

Since LCA did not identify specific preference clusters in the hardness dimension (see 318 

Section 3.3. for more details), the liking of cheese was analyzed using the hardness level 319 

of cheese as the main factor. The effect of hardness level on cheese liking was significant 320 

(p = 0.0006). Post-hoc tests showed that the soft sample received a significantly higher 321 

liking than the hard sample (p = 0.003, mean value 4.2 vs. 3.5). The difference between 322 

the liking of the semi-hard sample and the hard sample also tended to be significant (p = 323 

0.051, mean value 3.9 vs. 3.5).  324 

 325 

4. Discussion 326 

With the focus on evaluating the validity of forced-choice methods to measure texture 327 

preferences in children, the present study developed a pictographic questionnaire 328 

consisting of drawings of 12 food pairs differing in hardness or particle content. The 329 

questionnaire was administrated to schoolchildren aged between 7 and 10 and 330 

subsequently validated among the same group of children through paired comparison 331 

texture preference and acceptance tests with actual foods and questionnaire re-testing.  332 
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4.1. Validity of the pictographic method 334 

The results from the paired comparison texture preference test indicated the 335 

predictability of the pictographic method to the corresponding food pairs (i.e., whether 336 

children’s responses in the questionnaire corresponded to their texture preferences in 337 

reality). The level of agreement between the two sessions was not affected by the gender 338 

or school grade of the children. The probability for children to choose foods in the 339 

questionnaire that were consistent with their choice in the taste test was on average 64%. 340 

This value can be compared to those obtained by Köster et al. (2003). One of the 341 

experiments reported in Köster et al. measured the repeatability of hedonic judgments in 342 

children. Children evaluated 6 pairs of crackers and chocolate cream using the paired 343 

comparison method over three sessions. The percentage of agreement between the first 344 

two sessions was approximately 60% for children aged 7 to 10. Another study showed a 345 

high correlation between children’s food choices in a conjoint layout and actual product 346 

choices, with Gamma’s correlation coefficients ranging from 0.38 to 0.82 (Kildegaard et 347 

al., 2011).  348 

For the questionnaire re-testing, the average level of agreement was 0.83 for the 12 349 

food pairs. The result indicated that the probability for children to choose the same food 350 

between the two tests was 83%. In line with previous research (Laureati et al., 2020), the 351 

test-retest assessment in this study showed good repeatability.   352 

The cheese and bread (hardness) were identified as the food pairs where improvement 353 

on the descriptions and drawings is needed. In particular, the cheese had the lowest 354 

probability of agreement over the two sessions. An explanation for the results is that the 355 

term “spreadable cream cheese” gave rise to confusion among children, as observed by 356 

the experimenters during the tests. The use of a more generic term was intended to 357 

include different types and brands of cream cheese available in the market, yet it might 358 

not be the most common expression for children in Denmark. In order to obtain valid 359 

results with the forced-choice methods, it is important to match the information conveyed 360 

in the food pairs (i.e., drawings and descriptions) with children’s expectations of the actual 361 

food stimuli.  362 

 363 

4.2. Individual differences in texture preferences 364 

In order to better understand the relative contribution of background variables on 365 

preferences, data were first analyzed based on all food pairs, then separately for the two 366 

textural dimensions.  367 

The results of the first analysis revealed that preferences for hardness and particle 368 

content of food were significantly different. Children did not show clear directions of 369 

preferences for hard or soft foods, but preferences for foods without particles were 370 
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observed. These results confirmed the study by Szczesniak (2002) to recognize that 371 

texture is a multi-parameter attribute.  372 

Interestingly, from the first analysis, food neophobia was shown to be related to 373 

preferences for soft/no-particles. However, further analysis indicated that it had a 374 

significant influence only on particle preferences. The result is similar to previous research 375 

showing that children who were high in pickiness and neophobia tended to prefer fewer 376 

foods containing particles but not for foods differing in hardness (Lukasewycz & Mennella, 377 

2012). 378 

In this study, preference data were analyzed using logistic regression. The results 379 

were expressed as the probability of preferring hard to soft foods or with-particle to no-380 

particles foods (Table 4). This approach was different from that proposed by Laureati et 381 

al. (2020) and Lukasewycz & Mennella (2012), who calculated a score (i.e., the CFTPQ 382 

index) or ratios for each participant. The current approach took into consideration the 383 

binary response pattern of forced-choice methods. It allowed assessments of preferences 384 

at the level of textural dimension, as well as individual food pairs. For instance, the average 385 

probability for children to prefer hard to soft foods was nearly 0.5, which could be 386 

interpreted as having no general preferences for foods differing in hardness. However, a 387 

significant preference for hard or soft texture was found in 5 out of the 6 hardness food 388 

pairs (Table 4). In line with the literature showing mixed results on the role of mechanical 389 

textural properties on children’s food acceptance (Chow et al., 2022), it could be that 390 

preferences for the hardness of foods are product-specific.  391 

In contrast, the average probability for children to prefer with-particles to no-particles 392 

foods was 24%. The tendency for children to prefer no-particles foods can be observed in 393 

all particle pairs. Previous studies have shown that children dislike textural contrast and 394 

reject lumpy textures or foods with ‘things in it’ (Kildegaard et al., 2011; Laureati et al., 395 

2017; Sandvik et al., 2021; Szczesniak, 1972; Werthmann et al., 2015). The particle food 396 

pairs used in the questionnaire belonged to different categories of products (e.g., dairy 397 

products, juice, spreads, bread, and soup). Therefore, children’s preferences for foods 398 

without particles appear to be a generic phenomenon.  399 

The present study used LCA to categorize children into different preference clusters 400 

based on their questionnaire responses. Using LCA to segment children also had the 401 

advantage of being probability-based. The statistical method has been used to understand 402 

preferred mouth behavior in adult consumers (Cattaneo et al., 2020). In line with the 403 

overall results, patterns for hardness preferences were not identified from LCA. In contrast, 404 

two distinct preference clusters for the particle dimension (i.e., ‘no particles’ versus ‘with 405 

or without particles’) were found. 406 

Interestingly, the results showed an indication that girls were more likely than boys 407 

to prefer foods without particles. A recent study showed that in early adolescence, girls 408 
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identified the dislike of texture as a more important reason for food rejection than boys 409 

(Sick et al., 2019). Future studies could investigate the effect of gender using larger 410 

samples.  411 

In this study, it was expected that children could indicate their preferences based on 412 

their overall experiences of the foods, as well as the food concepts expressed through 413 

drawings and descriptions. Children’s familiarity with food pairs was therefore not used as 414 

inclusion criteria for the analysis of texture preferences, of which a given food pair would 415 

be excluded from analysis if children indicated that they were not familiar with either of 416 

the foods (Laureati et al., 2020; Lukasewycz & Mennella, 2012). It could be interesting to 417 

investigate the conceptualization of food textures in children and the associated 418 

expectations and preferences for foods to extend the current findings.  419 

In the acceptance test, children’s liking for yogurt differing in levels of particles was 420 

coherent with the results obtained with LCA. Children in the ‘no particles’ cluster gave 421 

significantly higher scores with lower levels of particles in yogurts. Contrarily, children in 422 

the ‘with or without particles’ cluster expressed similar liking regardless of the levels of 423 

particles (Fig. 2). These results further validated the questionnaire to measure texture 424 

preferences in children.  425 

Since distinct preference clusters were not identified in the hardness dimension, 426 

children’s liking for cheese was analyzed using the level of hardness as the main factor. 427 

The liking scores significantly decreased with increasing levels of hardness. The results 428 

suggested that the acceptance of the hardness in cheese may relate to oral processing. 429 

Hence, food textures that require less manipulation in the mouths are more readily 430 

accepted by children (Szczesniak, 1972).  431 

The present study is the first to assess the robustness of forced-choice methods to 432 

measure and study differences in children’s texture preferences using a combined 433 

approach that included both the provision of actual food and test-retest assessment. Since 434 

children could be inconsistent or change their choices between answering the 435 

questionnaire and tasting, it is important to measure the external validity of the 436 

questionnaire with the corresponding food stimuli. Schoolchildren showed moderate 437 

agreement between completing the pictographic questionnaire and tasting a similar 438 

sample and good test-retest agreement on the questionnaire. The validation helped 439 

identify that the cheese pair, of which inconsistent results between the questionnaire and 440 

tasting were obtained, required revision. Future studies could examine the validity of the 441 

pictographic method with other related measures, such as the recently developed tool for 442 

classifying food texture sensitivity in children (Ross et al., 2021).  443 

Using pictographic drawings to present food pairs may allow a more generalized 444 

expression of product concept and highlight the textural difference between the pair 445 

members. The questionnaire showed overall good validity and repeatability, and these 446 
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results suggested that the drawings could facilitate children’s comprehension of the food 447 

pairs. The questionnaire can be further adapted for younger children, as texture has been 448 

reported to be more important in this age group (Rose et al., 2004; Zeinstra et al., 2007).  449 

 450 

5. Conclusions  451 

This study developed and validated a forced-choice questionnaire based on 452 

pictographic drawings to measure food texture preferences in children. Children aged 453 

between 7 and 10 provided moderately consistent responses in completing the 454 

questionnaire and paired-preference test where food stimuli of the corresponding food 455 

pairs were used. The questionnaire re-testing showed good repeatability of the method. 456 

Using pictographic drawings to present food pairs could be a child-friendly way to facilitate 457 

their understanding. However, more studies on food texture and its conceptualization in 458 

children could reveal optimal graphical presentation forms to measure texture preferences.  459 

The results from the questionnaire revealed distinct preferences for hardness and 460 

particle content of foods among children. Most children preferred foods without particles, 461 

and the differences in preferences were related to gender and food neophobia. Preferences 462 

for hard or soft foods tended to be product-specific, in which a general preference for the 463 

hardness of foods was not observed. The pictographic method could be further adapted 464 

for younger children (< 7 years) or different cultural groups. This could concern choosing 465 

food pairs and drawings relevant to the target populations. 466 

 467 

 468 

Conflict of interest statement 469 

The authors declare that they have no known competing financial interests or personal 470 

relationships that could have appeared to influence the work reported in this paper.  471 

 472 

Acknowledgement 473 

The authors wish to thank Eva Hvenegaard, Johanne Nyborg and Sheila Lindvig for 474 

assisting with experiment preparations and data collection, and the schools and children 475 

for their participation in the study. 476 

 477 

Funding details 478 

This work was supported by Arla Foods amba as part of the industrial PhD program of 479 

the Innovation Fund Denmark (grant number: 0153-00158B). 480 

 481 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



References 482 

Appiani, M., Rabitti, N. S., Methven, L., Cattaneo, C., & Laureati, M. (2020). Assessment 483 

of Lingual Tactile Sensitivity in Children and Adults: Methodological Suitability and 484 

Challenges. Foods, 9(11), 1594. https://doi.org/10.3390/foods9111594 485 

Baxter, I. A., Jack, F. R., & Schrdder, M. J. A. (1998). The use of repertory grid method 486 

to elicit perceptual data from primary school children. Food Qualily and Preference, 487 

9(2), 73–80. 488 

Boquin, M. M., Moskowitz, H. R., Donovan, S. M., & Lee, S. Y. (2014). Defining 489 

perceptions of picky eating obtained through focus groups and conjoint analysis. 490 

Journal of Sensory Studies, 29(2), 126–138. https://doi.org/10.1111/joss.12088 491 

Cappellotto, M., & Olsen, A. (2021). Food texture acceptance, sensory sensitivity, and 492 

food neophobia in children and their parents. Foods, 10(10), 2327. 493 

https://doi.org/10.3390/foods10102327 494 

Carney, R. N., & Levin, J. R. (2002). Pictorial illustrations Still improve students’ learning 495 

from text. In Educational Psychology Review (Vol. 14, Issue 1, pp. 5–26). 496 

https://doi.org/10.1023/A:1013176309260 497 

Cattaneo, C., Liu, J., Bech, A. C., Pagliarini, E., & Bredie, W. L. P. (2020). Cross-cultural 498 

differences in lingual tactile acuity, taste sensitivity phenotypical markers, and 499 

preferred oral processing behaviors. Food Quality and Preference, 80. 500 

https://doi.org/10.1016/j.foodqual.2019.103803 501 

Chen, A. W., Resurreccion, A. V. A., & Paguio, L. P. (1996). Age appropriate hedonic 502 

scales to measure food preferences of young children. Journal of Sensory Studies, 503 

11(2), 141–163. https://doi.org/10.1111/j.1745-459X.1996.tb00038.x 504 

Chow, C. Y., Skouw, S., Bech, A. C., Olsen, A., & Bredie, W. L. P. (2022). A review on 505 

children’s oral texture perception and preferences in foods. Manuscript Submitted 506 

for Publication. 507 

DeVellis, R. F. (2017). Scale Development: Theory and Applications. In SAGE 508 

Publication. 509 

Donadini, G., Fumi, M. D., & Porretta, S. (2012). Influence of preparation method on the 510 

hedonic response of preschoolers to raw, boiled or oven-baked vegetables. LWT - 511 

Food Science and Technology, 49(2), 282–292. 512 

https://doi.org/10.1016/j.lwt.2012.07.019 513 

Estay, K., Pan, S., Zhong, F., Capitaine, C., & Guinard, J. X. (2019). A cross-cultural 514 

analysis of children’s vegetable preferences. Appetite, 142. 515 

https://doi.org/10.1016/j.appet.2019.104346 516 

Guinard, J. X. (2000). Sensory and consumer testing with children. Trends in Food 517 

Science and Technology, 11(8), 273–283. https://doi.org/10.1016/S0924-518 

2244(01)00015-2 519 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



Kildegaard, H., Olsen, A., Gabrielsen, G., Møller, P., & Thybo, A. K. (2011). A method to 520 

measure the effect of food appearance factors on children’s visual preferences. Food 521 

Quality and Preference, 22(8), 763–771. 522 

https://doi.org/10.1016/j.foodqual.2011.06.009 523 

Köster, E. P., Couronne, T., Léon, F., Lévy, C., & Marcelino, A. S. (2003). Repeatability 524 

in hedonic sensory measurement: A conceptual exploration. Food Quality and 525 

Preference, 14(2), 165–176. https://doi.org/10.1016/S0950-3293(02)00075-7 526 

Laureati, M., Cattaneo, C., Lavelli, V., Bergamaschi, V., Riso, P., & Pagliarini, E. (2017). 527 

Application of the check-all-that-apply method (CATA) to get insights on children’s 528 

drivers of liking of fiber-enriched apple purees. Journal of Sensory Studies, 32(2). 529 

https://doi.org/10.1111/joss.12253 530 

Laureati, M., Sandvik, P., L. Almli, V., Sandell, M., Zeinstra, G. G., Methven, L., Wallner, 531 

M., Jilani, H., Alfaro, B., & Proserpio, C. (2020). Individual differences in texture 532 

preferences among European children: Development and validation of the Child 533 

Food Texture Preference Questionnaire (CFTPQ). Food Quality and Preference, 80, 534 

103828. https://doi.org/10.1016/j.foodqual.2019.103828 535 

Léon, F., Couronne, T., Marcuz, M. C., & Köster, E. P. (1999). Measuring food liking in 536 

children: A comparison of non verbal methods. Food Quality and Preference, 10(2), 537 

93–100. https://doi.org/10.1016/s0950-3293(98)00046-9 538 

Lukasewycz, L. D., & Mennella, J. A. (2012). Lingual tactile acuity and food texture 539 

preferences among children and their mothers. Food Quality and Preference, 26(1), 540 

58–66. https://doi.org/10.1016/j.foodqual.2012.03.007 541 

Pliner, P. (1994). Development of measures of food neophobia in children. Appetite, 542 

23(2), 147–163. https://doi.org/10.1006/appe.1994.1043 543 

Rose, G., Laing, D. G., Oram, N., & Hutchinson, I. (2004). Sensory profiling by children 544 

aged 6-7 and 10-11 years. Part 1: A descriptor approach. Food Quality and 545 

Preference, 15(6), 585–596. https://doi.org/10.1016/j.foodqual.2003.11.008 546 

Ross, C. F., Surette, V. A., Bernhard, C. B., Smith-Simpson, S., Lee, J., Russell, C. G., & 547 

Keast, R. (2021). Development and application of specific questions to classify a 548 

child as food texture sensitive. Journal of Texture Studies. 549 

https://doi.org/10.1111/jtxs.12627 550 

Sandvik, P., Laureati, M., Jilani, H., Methven, L., Sandell, M., Hörmann-Wallner, M., Da 551 

Quinta, N., Zeinstra, G. G., & Almli, V. L. (2021). Yuck, this biscuit looks lumpy! 552 

neophobic levels and cultural differences drive children’s check-all-that-apply 553 

(CATA) descriptions and preferences for high-fibre biscuits. Foods, 10(1), 21. 554 

https://doi.org/10.3390/foods10010021 555 

Sick, J., Højer, R., & Olsen, A. (2019). Children’s Self-Reported Reasons for Accepting 556 

and Rejecting Foods. Nutrients, 11(10), 2455. https://doi.org/10.3390/nu11102455 557 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



Szczesniak, A. S. (1963). Classification of Textural Characteristics. Journal of Food 558 

Science, 28(4), 385–389. https://doi.org/10.1111/j.1365-2621.1963.tb00215.x 559 

Szczesniak, A. S. (1972). Consumer Awareness of and Attitudes to Food Texture II. 560 

Children and Teenagers. Journal of Texture Studies. 561 

https://doi.org/10.1111/j.1745-4603.1972.tb00624.x 562 

Szczesniak, A. S. (2002). Texture is a sensory property. Food Quality and Preference, 563 

13(4), 215–225. https://doi.org/10.1016/S0950-3293(01)00039-8 564 

Wardle, J., & Cooke, L. (2008). Genetic and environmental determinants of children’s 565 

food preferences. In British Journal of Nutrition (Vol. 29, Issue SUPPL.1). 566 

https://doi.org/10.1017/S000711450889246X 567 

Werthmann, J., Jansen, A., Havermans, R., Nederkoorn, C., Kremers, S., & Roefs, A. 568 

(2015). Bits and pieces. Food texture influences food acceptance in young children. 569 

Appetite, 84, 181–187. https://doi.org/10.1016/j.appet.2014.09.025 570 

Zeinstra, G. G., Koelen, M. A., Kok, F. J., & de Graaf, C. (2007). Cognitive development 571 

and children’s perceptions of fruit and vegetables; a qualitative study. International 572 

Journal of Behavioral Nutrition and Physical Activity, 4, 42. 573 

https://doi.org/10.1186/1479-5868-4-30 574 

 575 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 

Fig. 1. A combined approach to validate the pictographic questionnaire, including 

the provision of actual foods for the paired comparison texture preference test and 

acceptance test, and questionnaire retest.  

 

 

 

 

Fig. 2. The LCA clusters on the particle dimension concerning the percentage of 

preferring the with-particles foods among children in the ‘no particles’ and ‘with 

or without particles’ clusters.   
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Fig. 3. Estimated mean liking of 3 yogurt samples (no particles, some particles, 

and many particles) by children characterized in the ‘no particles’ or in the ‘with 

or without particles’ preference cluster. Error bars represent the standard error of 

the mean. (*) A significant difference at p < 0.05 between samples.  
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Table 1. Participant characteristics 

 First grade Third grade Total 

Number of children (n) 56 41 97 

Age (mean) 7 9 8 

Gender (females / males) 28 / 28 21 / 20 49 / 48 
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Table 2. Description and pictographic drawings of the hardness and particle food pairs. 

Hardness dimension  Particle dimension 

Food pair Hard Soft  Food pair With-particles No-particles 

Carrot* 

 

Raw carrot 

pieces 

 

Cooked carrot 

pieces 

 Orange 

juice* 

 

Orange juice 

with pulp 

 

Orange juice 

without pulp 

Broccoli 

Raw broccoli Boiled broccoli 

 Bread 2 

(particle) 

 

Bread with 

grains 

 

Bread without 

grains 

Bread 1* 

(hardness) 

 

Crispbread 

 

Toast bread 

 Peanut 

butter 

 

Chunky 

peanut butter 

 

Smooth 

peanut butter 

Cheese* 

 

Cheese in 

slices 

Spreadable 

cream cheese  

 Strawberry 

jam* 

 

Strawberry 

jam with 

pieces 

 

Strawberry 

jam without 

pieces 

Apple 

 

Raw apple 

 

Apple puree 

 Strawberry 

yogurt* 

 

Strawberry 

yogurt with 

pieces 

 

Strawberry 

yogurt 

without pieces 

Cake 

 

Chocolate 

biscuit 

 

Chocolate 

cake 

 Tomato 

soup 

 

Tomato soup 

with pieces 

 

Tomato soup 

without pieces 

* Food pairs included in the paired comparison texture preference test with actual foods (see Section 

2.3.2. for details). 
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Table 3. Inter-session agreement between children’s responses in the questionnaire and 

paired-preference test (n = 75) or re-testing (n = 21). 

Food pair Probability of agreement (95% CI) 

Paired-preference 

test 
p-value Re-testing p-value 

Hardness dimension      

  Carrot 0.73 (0.61, 0.82) 0.00018 0.86 (0.64, 0.96) 0.0042 

  Bread 1 0.58 (0.46, 0.69) 0.18 0.72 (0.49, 0.87) 0.064 

  Cheese 0.40 (0.30, 0.52) 0.10 0.76 (0.54, 0.90) 0.026 

  Broccoli -  0.76 (0.54, 0.90) 0.026 

  Apple -  0.76 (0.54, 0.90) 0.026 

  Cake -  0.91 (0.69, 0.98) 0.0024 

Particle dimension     

  Orange juice 0.73 (0.61, 0.82) 0.00018 0.86 (0.64, 0.96) 0.0042 

  Strawberry jam 0.67 (0.56, 0.77) 0.0036 0.81 (0.59, 0.93) 0.0099 

  Strawberry yogurt 0.71 (0.60, 0.80) 0.00039 0.76 (0.54, 0.90) 0.026 

  Tomato soup -  0.86 (0.64, 0.96) 0.0042 

  Peanut butter -  0.86 (0.64, 0.96) 0.0042 

  Bread 2 -  1.0 (-) - 

The chance level was 0.5. An agreement probability below this value would correspond to no 

agreement between the two tests. P-values were not adjusted for multiplicity.  
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Table 4. Probability of children preferring the hard or the with-particle food within a food 

pair (n = 97). 

Food pair Probability of preferring the hard / with-

particles food (95% CI) 

Preferred texture 

Hardness dimension   

  Carrot 0.70 (0.60, 0.79) Hard 

  Bread 1 0.22 (0.14, 0.31) Soft 

  Cheese 0.60 (0.49, 0.69) None 

  Broccoli 0.38 (0.28, 0.48) Soft 

  Apple 0.73 (0.63, 0.82) Hard 

  Cake 0.25 (0.17, 0.35) Soft 

Particle dimension   

  Orange juice 0.19 (0.13, 0.29) No-particles 

  Strawberry jam 0.36 (0.27, 0.47) No-particles 

  Strawberry yogurt 0.37 (0.28, 0.48) No-particles 

  Tomato soup 0.18 (0.13, 0.29) No-particles 

  Peanut butter 0.17 (0.11, 0.26) No-particles 

  Bread 2 0.23 (0.15, 0.32) No-particles 

A value above 0.5 corresponds to preferences for the hard food or with-particles food in the food 

pair. 
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Appendix Table 1. Segmentation of hardness food pairs with distribution, Wald 

statistics, p-values, and R2. Food pairs are sorted according to the size of the difference 

between clusters.  

Food pair Cluster 1 (74%)  Cluster 2 (26%) Wald p-value R2 

 Hard Soft Hard Soft    

Apple 0.81 0.19 0.48 0.52 4.44 0.035 0.10 

Cake 0.06 0.94 0.82 0.18 3.58 0.058 0.58 

Bread 1 0.16 0.84 0.41 0.59 3.44 0.064 0.068 

Cheese 0.64 0.36 0.43 0.57 1.47 0.23 0.037 

Carrot 0.71 0.28 0.62 0.38 0.45 0.50 0.008 

Broccoli 0.40 0.60 0.34 0.66 0.14 0.71 0.002 

P-values were not adjusted for multiplicity.  

 

 

Appendix Table 2. Segmentation of particle food pairs with distribution, Wald statistics, 

p-values, and R2. Food pairs are sorted according to the size of the difference between 

clusters.  

Food pair Cluster 1 (60%) –  

‘No particles’  

Cluster 2 (40%) –  

‘With or without 

particles’ 

Wald p-value R2 

 With-

particles 

No-

particles 

With-

particles 

No-

particles 

   

Strawberry jam 0.15 0.85 0.70 0.30 14.2 0.0002 0.31 

Strawberry yogurt 0.10 0.90 0.79 0.21 13.2 0.0003 0.49 

Tomato soup 0.04 0.96 0.43 0.57 9.01 0.0027 0.24 

Bread 2 0.12 0.88 0.40 0.60 5.91 0.015 0.11 

Orange juice 0.09 0.91 0.37 0.63 4.39 0.036 0.11 

Peanut butter 0.15 0.85 0.24 0.76 0.98 0.32 0.015 

P-values were not adjusted for multiplicity.  
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