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Dear Editor 

Please find attached the manuscript entitled “How children approach a CATA test influences 

the outcome. Insights on ticking styles from two case studies with 6-9-year old children.” for 

your consideration. Authors are Martina Galler, Tormod Næs, Valérie Legard and Paula 

Varela.  

This research aims at understanding how children’s approach to the Check-all-that-apply 

(CATA) test influences their results. We defined ticking style indicators to describe children’s 

CATA usage and validated their data based on ticking style. Based on practical experiences 

from the case studies and based on our data analysis we provide advices how CATA test 

protocols can be adapted in a child-friendly way. 

I hope you find it worth considering for publication. 

With kind regards, 

 

Martina Galler 

 

Phd candidate 

Nofima, Ås Norway 

Tel: +47 477 17 616 
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Abstract 16 

Due to its simplicity, Check-all-that-apply (CATA) is a promising method for consumer studies 17 

with children to generate sensory and other descriptions of samples, and to find their drivers 18 

of liking.  This paper explores how children’s approach to the CATA test influences the 19 

outcome, based on two case studies that illustrate suitable setups for CATA tests with children 20 

of the age group 6-9. The first, conducted with experimenter assistance, and the second 21 

designed to ensure the autonomy of the children during the test. The children's approach to 22 
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the CATA task was described with ticking style indicators which revealed three ticking style 23 

groups. One group ticked only a few attributes probably due to cognitive limitations, e.g. lack 24 

of reading skills, limited vocabulary or ability to focus on the task. The second group gradually 25 

increased their number of ticked attributes per sample over the test, while the third subgroup 26 

ticked a steady number of attributes throughout the test. The two latter groups are likely to 27 

represent different test strategies: one using the CATA list relatively to the sample space, and 28 

one using the CATA list as in a more absolute way.  Analysis regarding data validity assessed 29 

by the detection of pre-defined Design of Experiment (DoE) sample differences and the 30 

alignment to a trained panel using Quantitative Descriptive Analysis (QDA) revealed that 31 

ticking style played a crucial role. This study shows the importance of analysing "ticking style" 32 

as a validation strategy for CATA tests run with children and as a tool to gain insights into 33 

underlying test strategies. 34 

 35 

Keywords: Check-all-that-apply, Children, Ticking style, Rapid methods, Sensory description, 36 

Protocol recommendations 37 

 38 

1. Introduction 39 

Rapid sensory methods such as Check-all-that-apply (CATA) and Projective Mapping are now 40 

used in a broad range of applications, both in research and industry (Delarue, Lawlor, & 41 

Rogeaux, 2015; Varela & Ares, 2012). These methods can produce similar results as 42 

traditional descriptive methods with the advantage that they are more flexible and less time 43 

consuming. In their review, Varela & Ares (2012) describe how the emergence of rapid 44 

methods has blurred the line between sensory and consumer studies. Rapid methods have 45 

been validated both in studies with trained panellists (Dehlholm, Brockhoff, Meinert, Aaslyng, 46 

& Bredie, 2012) and with consumers (Ares, Barreiro, Deliza, Giménez, & Gámbaro, 2010; 47 
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Bruzzone, Ares, & Giménez, 2012; Dooley, Lee, & Meullenet, 2010; Jaeger et al., 2013). As 48 

validation, they mainly used the comparison to results generated with traditional descriptive 49 

methods. Jaeger et al. (2013) evaluated the within-assessor reproducibility of several CATA 50 

datasets with repetitions generated by consumers.  51 

Many rapid methods are simple to perform and therefore promising to use in consumer studies 52 

with special populations such as children. In recent years, various applications of rapid 53 

methods with children have been published. Daltoe et al. (2017) used projective mapping with 54 

food stickers to understand the perception of fish of different age groups. Varela and Salvador 55 

(2014) concluded that children from the age of five years old could perform a structured sorting 56 

task with images. The most common rapid method used with children has, however, been the 57 

CATA method. Researchers used the CATA method with sensory attributes (Cardinal, 58 

Zamora, Chambers, Carbonell Barrachina, & Hough, 2015; Laureati et al., 2017; Lima, Ares, 59 

& Deliza, 2018; Schouteten, De Steur, Lagast, De Pelsmaeker, & Gellynck, 2017), emotional 60 

attributes (De Pelsmaeker, Schouteten, & Gellynck, 2013; Schouteten et al., 2017; 61 

Schouteten, Verwaeren, Gellynck, & Almli, 2019; Schouteten, Verwaeren, Lagast, Gellynck, & 62 

De Steur, 2018) and hedonic attributes (Yoo et al., 2017) to investigate children’s perception 63 

and their drivers of liking. Table 1 provides an overview of previous CATA studies with children 64 

generating sensory descriptions. 65 

In their review about sensory testing with children, Laureati, Pagliarini, Toschi, and Monteleone 66 

(2015) highlighted the importance of adapting test protocols to the cognitive level of the 67 

targeted age group to ensure that the results reflect the actual perception, not the cognitive 68 

limitations of understanding the task. One such limitation could be difficulties to understand the 69 

words of the CATA list. To avoid this potential issue, Laureati et al. (2017) and Schouteten et 70 

al. (2017) generated a CATA list with a panel of children while Lima et al. (2018) did a pilot 71 

study to test if the children understood the CATA list. 72 

 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 



   

 

  4 

 

How to evaluate the suitability of a test protocol for the respective age group regarding the 73 

validity of results is still a rather unexplored area. Schouteten et al. (2017) showed that children 74 

were able to discriminate samples with the CATA method.  Laureati et al. (2017) and Lima et 75 

al. (2018) could further show that pre-defined sample differences were detected. Cardinal et 76 

al. (2015) and Lima et al. (2018) compared children’s discrimination capability to adults. To the 77 

authors' knowledge, none has compared sensory profiling by children to a trained panel which 78 

is still the "golden standard" regarding the objectivity of sensory descriptive results. In their 79 

recent book, Næs, Varela, and Berget (2018) suggested the analysis of ticking style to 80 

understand how consumers use the CATA list which could potentially be used to study how 81 

children approach the test. 82 

The objective of this paper is to explore the analysis of ticking style as a way of validating 83 

CATA testing with 6-9-year-old children. We investigate children’s ticking style in two case 84 

studies, one on bread and the other on fruit smoothies. Further, based on the practical 85 

experiences and data analysis findings in each of the studies, we draw practical 86 

recommendations for conducting CATA tests with children.  87 

 88 

2. Materials & Methods 89 

The two case studies, Bread and Smoothie, illustrate how a CATA test with children of the age 90 

group 6-9 can be set up, the first (Bread) conducted with experimenter assistance and the 91 

second (Smoothie) designed to ensure the autonomy of the children during the test. We 92 

defined three ticking style indicators to describe and group the children based on their usage 93 

of the CATA list: number of ticks, standard deviation of the number of ticks per sample, and 94 

number of different attributes used in the test. Then we analysed data validity regarding 95 

detection of sample differences based on the Design of Experiment (DoE) and regarding 96 

similarity to the sensory description of a trained profile panel by Quantitative Descriptive 97 

Analysis (QDA).  98 
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2.1. Samples 99 

Bread and smoothie samples were constructed to vary systematically in their sensory profiles 100 

based on a 23 factorial design, resulting in 8 different samples. Each factor covered a different 101 

sensory modality (Darkness, Coarseness and Saltiness for Bread; Colour intensity, Thickness 102 

and Acidity for Smoothie; Table 2). The bread samples were baked at the cereals pilot plant at 103 

Nofima, based on a non-commercial recipe. The smoothie samples were prepared in lab scale 104 

by a commercial partner, using one of their commercial smoothies as a base. The base 105 

smoothie contained 100% fruit juice of raspberry, blueberry, strawberry, banana, apple and 106 

orange and naturally displayed a red colour. Figure 1 shows the visual differences between 107 

the bread samples.  108 

2.2. Consumer test with 6 to 9-year-old children 109 

Three school grades from local schools in the Akershus county (Norway) participated in the 110 

consumer tests. Both studies were run in the respective schools and each school participated 111 

in one study only. The majority of the children were between 7 and 9-years-old. However, as 112 

the school grade is based on the year of birth in Norway, some 6-year-old children participated 113 

in the test as well. Parental informed consent forms, including allergy information, were 114 

collected before the tests. Children gave their informed assent to participate and were informed 115 

they could leave the test at any point. The data collection followed the ethical recommendations 116 

from the Norwegian Centre for Research Data. 117 

2.2.1. Bread test 118 

The check-all-that-apply (CATA) list was established by researchers based on the main 119 

sample properties as described by a trained panel. They defined ten attributes (Light colour, 120 

Dark colour, Not grainy, Grainy, Easy to chew, Hard to chew, Not coarse, Coarse, No salty 121 

taste, Salty taste). In each case, two attributes stretched the same dimension as antonyms, 122 
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e.g. “Salty taste” and “No salty taste”. Prior to the test, the understanding of the CATA list was 123 

tested through a pilot study with children of the age group. 124 

In total, 103 children participated in the test. The test questions were presented on a paper 125 

questionnaire, as shown in Figure 2. The children executed the test in subgroups of five, with 126 

three experimenters available for assistance in, for example, tasting the right sample, reading 127 

challenging words or remembering to rinse between samples. In the first page of the 128 

questionnaire, the children were asked to indicate age and gender. The eight samples were 129 

presented in a sequential monadic balanced presentation order, coded with single capital 130 

letters A-H (Figure 2). Each sample was first evaluated for overall liking on a 1 to 7-point scale 131 

with three emojis (unhappy, neutral, happy) as anchors, followed by the Check-all-that-apply 132 

(CATA) evaluation on the same page. Attributes were randomized across children to prevent 133 

position biases but kept constant across sample evaluation as per the recommendation by 134 

Meyners and Castura (2016). Between the samples, the children were instructed to rinse their 135 

mouth with water. At the end of the test, an ideal (imaginary) sample was evaluated for liking 136 

and CATA. 137 

 Even though experimenter assistance allowed a successful data collection, there were some 138 

challenges observed during the test. The reading was challenging for some 6- and 7-year-olds, 139 

which reduced their attention to their taste perception itself. Also, some children monopolised 140 

experimenter support. Some children did not understand all CATA attributes, especially the 141 

attribute “coarse”. Nearly a fourth of the children skipped pages, a few confused samples and 142 

some forgot to rinse their mouth with water in-between sample tasting. Finally, many 143 

explanations were necessary for the abstract question about their ideal product. In general, 144 

the experimenters noted a loss of interest after four to six samples.  145 

2.2.2. Smoothie test 146 

 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 



   

 

  7 

 

The Smoothie test tried to overcome some of the challenges encountered in the Bread test. 147 

The main focus was to improve the autonomy of the children during the test, particularly with 148 

regards to attribute reading and understanding. To ensure a good understanding of the CATA 149 

attribute list, children of the age group developed attributes with the repertory grid method. 150 

Twelve children established 59 attributes. The experimenters reduced their attributes based 151 

on the frequency of elicitation and synonym reduction to the following 15: Light colour, Dark 152 

colour, Bubbles, Thin, Thick, Slimy, Very sour, Banana, Lemon, Strawberry, Raspberry, 153 

Blueberry, Strong smell, Yummy, Yuck. The list included two hedonic attributes “Yummy” and 154 

“Yuck” as well as an odour attribute “Strong smell”. 155 

To address reading challenges previously observed with the 6- and 7-year-olds (2nd graders), 156 

the children read the attributes with the teachers in class and with parents when they signed 157 

the consent form before the test. The questionnaire was electronic with little text to minimize 158 

the reading effort. A monkey story was introduced in the test in order to increase engagement: 159 

the participants were asked to help the experimenters find out what type of smoothies a 160 

monkey that had broken into a smoothie factory had produced.  161 

In total, 93 children participated in the test. The test was performed on tablets. The test pages 162 

are displayed in Figure 3. At the start of the test session, the experimenters explained and 163 

demonstrated the test. Then the children conducted the test independently. The children 164 

executed the test in subgroups of ten, with three experimenters available for assistance. The 165 

first page of the questionnaire asked school grade and gender, followed by the sample-related 166 

questions. The original smoothie with the low factor levels (no colour added, no thickener, no 167 

lemon juice added) was first evaluated as "warm-up" sample (sample 1_1, Table 2). The eight 168 

samples were then presented in sequential monadic balanced presentation order, coded with 169 

distinct symbols (e.g. a lightning, see Figure 3c and d). Each sample was first evaluated for 170 

overall liking on a 1 to 7-point scale with seven emojis (from unhappy to happy) followed by 171 

the CATA evaluation on the next page (Figure 3). As in the Bread case study, the attributes 172 
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were randomized across children, but kept constant across samples. Between the samples, 173 

the children were instructed to rinse their mouth with water. No ideal sample was evaluated in 174 

this case. 175 

2.3. Quantitative descriptive analysis with trained panel (QDA) 176 

A Generic descriptive analysis (based on QDA as described by Lawless & Heymann, 2010) 177 

was performed for each set of samples by the trained profile panel of Nofima. Nofima’s panel 178 

is highly trained and very stable. The assessors are solely hired as tasters, and some of them 179 

have more than 30 years’ experience working with descriptive analysis. Panel performance is 180 

checked for every project, based on three qualities: discrimination, repeatability and 181 

agreement. The descriptive terminology of the products was created in a pre-trial session using 182 

extreme samples, selected for showing extremes examples stretching the sensory space. After 183 

a 1-h pre-trial session, the descriptors and definitions were agreed upon by the assessors; all 184 

assessors were able to discriminate among samples, exhibited repeatability, and reached an 185 

agreement with other members of the group.  For the bread samples the following 18 attributes 186 

were defined: Acidic odour, Grain odour, Cloying odour, Colour hue, Colour strength, 187 

Whiteness, Hardness, Juiciness, Coarseness, Chewing resistance, Sticky, Doughy, Acidic 188 

taste, Sweet taste, Salty taste,  Bitter taste, Corn taste, Cloying taste. For the smoothie 189 

samples, the following 18 attributes were defined: Intensity smell, Acidity smell, Fruity Berry 190 

smell, Artificial smell,  Colour intensity, Whiteness, Taste intensity, Acidity, Sweetness,  191 

Sourness, Bitterness, Metallic, Fruit Berry, Artificial, Fullness, Viscosity, Astringency, 192 

Pungency. After a pre-testing, nine panellists rated each sample in duplicate on a 10-cm scale. 193 

2.4. Statistical analysis 194 

2.4.1. Usage of CATA list, ticking style indicators 195 

To find out how the children used the CATA attributes, we described their ticking behaviour 196 

with three ticking style indicators. The total number of ticks for the eight randomized samples 197 
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(called “number”) and the standard deviation in the number of ticks per sample (called “std”) 198 

were calculated as described by Næs, Varela, and Berget (2018). As a third indicator, we 199 

considered the number of different CATA attributes (called “attributes”) used per child as well. 200 

“Attributes” was regarded as relevant to compare the usage of a researcher-developed CATA 201 

list in the Bread test and a child-generated CATA-list in the Smoothie test. 202 

Three equally sized ticking style groups were built based on the first two components of the 203 

PCA of the standardized ticking style indicators. The ticking style groups were compared 204 

regarding age in the Bread dataset and school grade in the Smoothie dataset with a χ2-test.  205 

2.4.2.  Analysis of CATA data 206 

The Cochran's Q test was used to test for differences between samples regarding the number 207 

of ticks of a CATA attribute. The ticking or no ticking of an attribute was defined as the binary 208 

response variable, sample as a fixed factor and child as a random factor. 209 

A correspondence analysis (CA) of the contingency table of the CATA attributes was 210 

performed. The not significant attributes were included for better comparability of the ticking 211 

style groups where the significance was not conclusive due to their smaller sample size. For 212 

better interpretation and comparability of the score plots, the levels of the three design of 213 

experiment (DoE) factors were projected as supplementary qualitative variables into the plot. 214 

The “Ideal” sample in the Bread study and the “Warm-up” sample “1_1” in the Smoothie study 215 

were projected as supplementary rows into the score plot. The projection of the supplementary 216 

variables was done with the FactoMineR R package according to Lê, Josse, and Husson 217 

(2008). The supplementary variables did not influence the configuration. 218 

To compare the perceptual space of the three ticking style groups, a multiple factor analysis 219 

(MFA) was performed using the contingency tables of each ticking style group defined as a 220 

frequency table. For better readability, the plot only displayed the DoE factor levels of the 221 
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overall configuration as well as the partial coordinates of the ticking style groups. Again, the 222 

DoE factor levels were projected into the plot as supplementary qualitative variables. 223 

2.4.3. Analysis of QDA data 224 

The significance of the QDA attributes regarding sample discrimination was determined with a 225 

Mixed effect ANOVA. The rating on a scale (1 to 10) of the attributes was defined as the 226 

continuous response variable, samples as a fixed factor and trained assessors as well as the 227 

assessor x sample interaction were considered as random factors.  228 

A principal component analysis (PCA) was performed with the significant unstandardized QDA 229 

attributes. The levels of the three design of experiment (DoE) factors were projected as 230 

supplementary qualitative variables into the score plots. 231 

2.4.4. Liking 232 

The influence of the DoE sample differences on the liking rating were analysed with a Mixed 233 

ANOVA, with the DoE factors and second order interactions as fixed and child as well as 234 

second order interaction of child x DoE factors as random. 235 

The correlation of the average liking of the samples with the first three components of the 236 

perceptual space of the children (CA and MFA) and trained profile panel (PCA) was calculated 237 

and displayed in correlation circles. 238 

2.4.5. Similarity Index 239 

The similarity between the perceptual space of the children and the trained profile panel was 240 

measured with the similarity index (SMI) introduced by Indahl, Næs, and Liland (2018); the first 241 

component, the first two components, as well as the first three components of the score plots, 242 

were compared. The SMI was chosen over the more frequently used RV coefficient because 243 

it weighs the three components more equally while the RV coefficient weighs the first 244 
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component most. It must be noted that the SMI, as well as the RV coefficient, overestimate the 245 

similarity of the present matrices because the row versus column ratio was relatively small in 246 

the score plot matrices. 247 

2.4.6. Investigation in underlying reasons for ticking style 248 

In order to further analyse ticking behaviour, we analysed the influence of three different 249 

variables on the ticking number per sample. It was of interest if the number was linked to certain 250 

samples, the hedonic response to them or tasting order. The liking ratings were transformed 251 

to ranks within child to avoid scale effects, the sample with the lowest rating was assigned the 252 

lowest rank, 1 and the sample with the highest rating was assigned the highest rank, 8. A 253 

mixed regression model then analysed sample, ranked liking and tasting position as fixed effect 254 

and child as random effect. 255 

2.4.7. Software 256 

R, version 3.5.1 was used for the data analysis. The package FactoMineR for CA, MFA and 257 

PCA, the lmerTest and mixlm as packages for Mixed effect models, the RVAideMemoire 258 

package for Cochran’s Q test and the MatrixCorrelation package for SMI calculation. 259 

 260 

3. Results 261 

3.1. Usage of the CATA list 262 

The bread questionnaire was paper-based and assisted by researchers. Several children’s 263 

evaluations contained missing answers. These incomplete datasets, 26 in total, were excluded 264 

from this data analysis. The remaining 83 children used the CATA list in different ways. Figure 265 

4 presents a summary of ticking style indicators for the Bread and Smoothie studies.  The 266 

distribution of the ticking style indicators is displayed as a histogram, the lower plots show the 267 

correlation between the variables, and the upper plots display their Pearson correlation values. 268 

One child only ticked twice during the whole test while the most active child ticked 33 times 269 
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(see ticking style indicator: “number” in Figure 4). Some children used one of the ten available 270 

attributes across all samples, while others used up to eight different attributes across all 271 

samples (ticking style indicator: “attributes” in Figure 4). None of the children used all ten 272 

available attributes. Some children displayed a high standard deviation in the number of ticks 273 

per sample (ticking style indicator: “std” in Figure 4) indicating an unsteady ticking behaviour. 274 

In contrast, others ticked a similar number of attributes for all samples. 275 

The electronic questionnaire of the Smoothie test required the evaluation of all samples, ticking 276 

at least one CATA attribute per sample. Therefore, no answers were missing, and all 93 277 

answers could be considered for the analysis. The minimal number of ticks was eight, 278 

corresponding to one tick per sample. In this test, some children used all 15 available CATA 279 

attributes across all samples (“attribute”) which indicates that the child-developed attributes 280 

were well applicable. The analysis of the ticking style revealed one outlier displaying an 281 

extremely high standard deviation. The inspection of this child’s ticking data showed that 282 

he/she had ticked almost all attributes for half of the samples while for the other half, he/she 283 

had only made one tick per sample which was required by the electronic questionnaire in order 284 

to continue. It can be assumed that this child did not use the CATA list to describe his/her 285 

perception of the samples and his/her data were excluded from further data analysis. 286 

Next, it was of interest how the different ticking styles influenced the perceptual space 287 

generated by the children. A PCA of the three ticking style indicators, “number”, “attributes” 288 

and “std”, indicated a tendency for a split in three groups of children in both datasets (Figure 289 

5). One group consisted of children that only used a few attributes of the CATA list, the “few 290 

tickers”. Another group consisted of children that ticked frequently displaying a high standard 291 

deviation, the “unsteady tickers”. The third group represented the children that ticked frequently 292 

displaying a low standard deviation, the “steady tickers”. Three subgroups of the data set with 293 

almost the same size were established based on this interpretation.  294 
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The “few tickers” ratio decreased with age, as displayed in Figure 6, indicating that this ticking 295 

style might be related to cognitive limitations, e.g. difficulties to read and understand the CATA 296 

attributes. However, no significant difference between the age groups in either of the datasets 297 

was found with the χ2-test, (p-value: 0.428 in Bread, 0.476 in Smoothie). 298 

3.2. Check-all-that-apply and liking of children 299 

Tables 3 (Bread) and 5 (Smoothie) show the number of ticks in total and the significance of 300 

each CATA attribute for the total panel as well as for the ticking style groups. It was of interest 301 

if the children discriminated the samples with CATA attributes representing the three DoE 302 

differences between the samples. Table 4 (Bread) and 6 (Smoothie) show the influence of the 303 

DoE differences on liking. It was of special interest if the children could describe their drivers 304 

of liking with CATA attributes. 305 

In the Bread case study (Table 3), the two attributes “Light colour” and “Dark colour” 306 

representing the DoE factor Darkness were significant for all ticking style groups. Coarseness 307 

was represented by the three antonym pairs “Grainy”, “Not grainy”, “Coarse”, “Not coarse” as 308 

well as “Easy to chew”, “Hard to chew”. One or both antonyms representing grainy and coarse 309 

were significant in each ticking style group. Only the “unsteady tickers” differentiated the 310 

samples regarding the chewing aspect. The overall ticking number suggests that all samples 311 

were perceived as "Easy to chew" which was ticked 405 times while "Hard to chew" was only 312 

ticked 95 times.  So, the "unsteady tickers" were the only group that described the relative 313 

difference between the samples. For the DoE factor Salt one of the two antonyms, “Salty taste”, 314 

was significant. Conclusive analyses of the ticking style groups regarding discrimination are 315 

not possible due to the small group sizes of the ticking style groups. However, p-values suggest 316 

that the "unsteady tickers" did discriminate the samples with the attribute "Salty taste" (p-317 

value=0.06) while the "few tickers" clearly did not (p-value=0.56) and the "steady tickers" also 318 

did not sufficiently (p-value=0.18). It can be summarized that the "steady tickers" and the "few 319 
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tickers" did mainly discriminate the samples regarding two of the three DoE factors. The 320 

“unsteady tickers” discriminated most attributes representing all three DoE factors. 321 

The liking evaluation based on the pre-defined DoE factors (Table 4) revealed different 322 

preference patterns for the ticking style groups. For the overall panel as well as for the 323 

“unsteady tickers” and “steady tickers”, Salt was the main driver of liking. However, for the “few 324 

tickers” the texture aspect, Coarseness was their main driver of liking. 325 

The Smoothie case study (Table 5) included some attributes that did not represent the DoE 326 

differences directly. Some of them were significant in the discrimination between samples, e.g. 327 

the two hedonic attributes (“Yummy” and “Yuck”) and fruit flavour attributes not directly 328 

referring to the difference in Acidity (“Banana” “Strawberry”, “Blueberry”).  The “unsteady 329 

tickers” and “steady tickers” discriminated the samples with a high number of the CATA 330 

attributes covering all three DoE factors. The “few tickers” discriminated less and did not 331 

display any significant texture attributes that could represent the DoE difference in Thickness. 332 

For all ticking style groups the DoE factor Acidity was their main driver of liking (Table 6). For 333 

the “few tickers”, the texture aspect Thickness might have also had an influence on their liking 334 

(p-value= 0.054). 335 

The average values of the liking rating by children are displayed in the Appendix Table A1 336 

(Bread) and A2 (Smoothie). 337 

3.3. Perceptual space and correlation of liking, comparison to trained panel 338 

The analysis of the perceptual space allowed to check if the children discriminated the samples 339 

according to the underlying DoE factors and to evaluate the correlation of the components with 340 

the average liking. Further, it allowed the comparison with the trained profile panel. Figure 7 341 

(Bread) and 8 (Smoothie) show a CA of the CATA contingency table, an MFA comparing the 342 

contingency tables of the ticking style groups as well as a PCA of the QDA rating by the trained 343 
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panel. The first three components of the score plots with the DoE factor levels projected for 344 

better interpretability are displayed as well as the correlation with the average liking. The 345 

definition of the sample numbers can be found in Table 2. Loading plots as well as separate 346 

CAs for each ticking style group can be found in the supplementary material (Supplementary 347 

Figures 1-10). Table 7 displays the similarity index (SMI) between the CA score plots of the 348 

children and the PCA score plot of the trained panel. The average values of the QDA of the 349 

trained panel, as well as the p-values are displayed in Tables A3 (Bread) and A4 (Smoothie). 350 

In the Bread case study, the three DoE factors were each represented by one component of 351 

the perceptual space of the children as well as of the trained panel (Figure 7). The colour 352 

difference Darkness was represented by the first component, Coarseness by the second 353 

component and Salt by the third. The perceptual difference in Salt was relatively small 354 

compared to the other two DoE factors, although it most strongly correlated with liking. The 355 

MFA plot where the ticking style groups are compared shows that the “unsteady tickers” 356 

described the most liking-relevant difference in Salt level most. The “few tickers” differed in 357 

their preference from the other groups. For this group, the DoE factor Coarseness was more 358 

correlated with their liking. The imaginary ideal sample (Ideal) was well aligned with the liking 359 

correlation and placed outside of the sample space in the third component, which was most 360 

important for liking. The placement of the Ideal sample indicates that the children understood 361 

the concept of the imaginary ideal sample and did not rate it identically to their preferred real 362 

sample. 363 

In the Smoothie case study (Figure 7), Acidity was most strongly correlated with liking and also 364 

represented by the first component. All ticking style groups could discriminate the samples 365 

regarding Acidity. In the second component, the thinner and lighter samples and thicker and 366 

darker samples were more often described by the same attributes, so that the DoE factors 367 

Thickness and Colour overlapped. Considering the third component, the factors Thickness and 368 

Colour were separated, however. The trained panel showed a similar perceptual space also in 369 
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this case. The association of DoE factors Thickness and Colour in component 2 was not 370 

apparent, however. The warm-up sample 1_1, which was composed of the low factor levels 371 

and identical to sample 1, was well placed in the first two components, Acidity_0 and 372 

Thickness_0, but not in the third component, Colour_int_0. The colour attributes "Light colour" 373 

and "Dark colour" only became applicable over the test once darker samples had been 374 

presented. In contrast, the attributes describing Acidity and Thickness were applicable in a 375 

more absolute way, less relative to the sample space.  376 

In both case studies, the similarity index (SMI) between the trained profile panel and the 377 

complete child panel was high, 0.94 in the Bread dataset and 0.93 in the Smoothie dataset 378 

(Table 7). The “few tickers” were the least aligned with the trained panel over the three 379 

components in both studies while the “unsteady tickers” as well as the “steady tickers” were 380 

well aligned with the trained panel.  381 

3.4. Investigation in unsteady ticking behaviour 382 

In the presented datasets, the “unsteady tickers” produced a good sample discrimination and 383 

detection of pre-defined sample differences. We first hypothesized that the unsteady ticking 384 

behaviour was sample induced, e.g. by the intensity of the DoE factor level or by the children’s 385 

hedonic responses to them.  386 

However, the present data suggest that the tasting position of the sample played a more 387 

important role than the sample properties or the hedonic response (Table 8). The “unsteady 388 

tickers” increased their ticking number along the test. In the beginning, they ticked fewer, and 389 

in the end, they ticked more attributes in both datasets, as shown in Figure 9. The good results 390 

of the “unsteady tickers” could indicate that learning took place over the test. The attributes 391 

became relevant and more applicable once the sample space was apparent. In the Bread 392 

study, all ticking groups showed a slight increase in the number of ticks which might be linked 393 
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to antonym-based attribute structure, while in the Smoothie dataset, this trend is only 394 

observable in the unsteady ticking group. 395 

 396 

4. Discussion 397 

4.1. Assessment of CATA for sensory description with children and determination of 398 

their drivers of liking 399 

As shown by Laureati et al. (2017) and Lima et al. (2018), children were able to discriminate 400 

samples regarding pre-defined sample design differences. The two case studies analysed in 401 

the present paper also showed for the first time that the alignment with a trained profile panel 402 

was generally very high, for the consensus perceptual space. The high alignment to the trained 403 

panel indicates that the majority of the children's usage of the CATA list was guided by their 404 

sensory perception, which they could accurately point out with the CATA list. However, our 405 

results indicate that ticking style plays an important role regarding data validity which is 406 

discussed further in the next section 4.2. 407 

In both studies, the design factor representing the sensory modality taste was the main driver 408 

of liking. In the Smoothie study Acidity was also the predominant factor of the perceptual space. 409 

In the Bread study, Salt was the least important factor in terms of product description, only 410 

apparent in the third component. As this factor was also only visible in the third dimension of 411 

the perceptual space of the trained panel, it can be assumed that it was the least salient DoE 412 

factor difference regarding perception. 413 

4.2. Implications of ticking style 414 

The analysis of the ticking style indicators revealed some participants that could not use the 415 

CATA list accurately to describe their perception. Ticking style indicators can, therefore, be 416 

valuable to find outliers, e.g. eliminating consumers from the data analysis with a low ticking 417 
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“number” or low number of “attributes”. The elimination of the “few tickers” from the data 418 

analysis might be especially relevant when the setup of an electronic questionnaire requires a 419 

minimal number of ticks, and when young children participate in the test. In the two case 420 

studies, the proportion of children in the few ticking group decreased by age in trend. 421 

Therefore, the few ticking behaviour is likely linked to cognitive limitations. In her review 422 

Anderson (1998) described how executive functions such as ability to resist distraction and 423 

verbal fluency, of which a certain degree is a pre-requirement for the successful performance 424 

of a CATA test, are only mature by the age of 12 and older and large individual differences 425 

occur. 426 

Against the observation that the children tended to get bored over the test which could lead 427 

them to tick a smaller number of CATA attributes, a hypothesis, e.g. also mentioned by Jaeger 428 

et al. (2015) for adults, our analysis of ticking style indicators showed the opposite. While the 429 

“steady tickers” kept their ticking number constant over the test, the "unsteady tickers" 430 

increased their number of ticks over the test. This increase makes perfect sense for the relative 431 

nature of sensory evaluations, especially in the case of the CATA method where the response 432 

to a continuous stimulus has to be transformed into a binary answer. To describe a sample as 433 

“Salty” becomes more relevant once a less salty sample has been tasted. In the smoothie 434 

study, the absence of an "anchoring" effect was foreseen: A warm-up sample 1_1 where all 435 

three factor levels were low was presented prior to the eight randomized test samples. The 436 

occurrence or non-occurrence of this increased-ticking behaviour points to different underlying 437 

test strategies: The “steady tickers” might use the CATA attributes in a more absolute sense. 438 

In contrast, the “unsteady tickers” might use them in a more relative sense considering the 439 

sample space that gradually unfolds to them during the test. The "unsteady tickers" are likely 440 

to produce similar results as with a similarity-based method, such as the projective mapping, 441 

while the "steady tickers" might generate different results with this approach.  More generally, 442 

these findings point to a phenomenon likely to underly many sensory consumer tests where 443 

samples are presented in a sequential monadic design. Consumers are generally instructed 444 
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to rate a sample independently of previously tasted samples. However, many consumers are 445 

likely to switch to a strategy where they contrast previously tasted samples, adjusting the scale 446 

to the sample space of the test. Lawless and Heymann (1998) described this effect as contrast 447 

effect, attributing it to an axiom of perceptual psychology: “Humans are very poor absolute 448 

measuring instruments but are very good at comparing things.” 449 

 450 

4.3. Implications of the test protocol  451 

Table 9 highlights the learnings from the two case studies for future CATA test setups with 452 

children. 453 

In the first case study with Bread where researchers developed sample-relevant CATA 454 

attributes, some CATA attributes were not understood by all children. Our data analysis 455 

showed that the sample- and age-relevant CATA list developed by children in the Smoothie 456 

case study was more fully used than the list developed by researchers, both regarding the 457 

ticking style indicator “number” which might also be related to the higher number of available 458 

attributes, but also regarding the number of different attributes used throughout the test, 459 

“attributes”. Moreover, no attribute explanations were necessary during the smoothie data 460 

collection, while “coarse” generated several questions in the bread study. Regarding data 461 

validity, both the sample-relevant CATA list based on antonyms and the sample- and age-462 

relevant CATA list were suitable. The sample-relevant CATA list produced a perceptual space 463 

that divided the samples based on one DoE factor in each component. In comparison, the less 464 

systematic sample- and age-relevant CATA list revealed an interaction between two sample 465 

design factors, Colour and Thickness which was not found in the perceptual space of the 466 

trained panel. Whether this can be attributed to the type of CATA list is not conclusive as the 467 

two case studies vary in too many aspects. 468 

Special care should be taken setting up the questionnaire. The text throughout the test should 469 

be reduced to the minimum because reading takes more time for children. Instead of written 470 
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instructions, a live demo of the test is useful and recommended. To increase children's 471 

motivation, the Smoothie study included a story explaining the purpose of their task. This 472 

ensured that the children engaged and fulfilled the test despite its high level of repetitiveness. 473 

Overall, the electronic questionnaire offered advantages over the paper questionnaire where 474 

children skipped pages, forgot to rinse their mouth with water between samples and needed a 475 

higher degree of assistance. An electronic questionnaire can include a page between samples 476 

as a reminder to rinse the mouth. Also, missing answers can be avoided. Another advantage 477 

is that with tablets the test looks and feels much more like a game. It has to be kept in mind, 478 

that the mandatory answers might trigger some wrong data as seen in the outlier discussed in 479 

section 3.1.  480 

Labelling samples with symbols instead of three-digit codes or letters makes the self-481 

administered tasting easier. Care should be taken in the choice of suitable symbols to avoid 482 

cross-modal influences of the symbols on taste perception. Deroy and Valentin (2011) for 483 

example, showed an association of certain shapes with certain tastes. Symbols differing in 484 

emotional valence might bias hedonic ratings of samples as well.  485 

The ideal sample in the Bread case study was well aligned with the liking and outside the real 486 

sample space for the most liking-relevant DoE difference Salt. However, at data collection 487 

stage an explanation for the evaluation of an “ideal” sample is necessary as children are likely 488 

to think in a less abstract way than adolescents and adults, corresponding to the operational 489 

development stage described by Piaget (1964). 490 

Our data analysis revealed that the CATA attributes became more relevant for one group, the 491 

"unsteady tickers", once the sample space was apparent. This sample space-relative ticking 492 

would speak for a training session or at least an anchoring "Warm-up" sample as done in the 493 

Smoothie case study in order to improve data quality. 494 

4.4. Limitations and future research 495 
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This study sheds light into the topic of individual differences in approaching a consumer 496 

profiling method with children, i.e. CATA. Results highlighted groups of children performing the 497 

test in different ways. The segments found is this study were small (N appr. 30), so more 498 

research with larger groups of children would be desired to confirm these findings. To the 499 

authors’ knowledge, no study has been done studying the ticking style with CATA data of 500 

adults. It would be desirable to do so, preferably with a DoE underlying the test design, for a 501 

more controlled interpretation. Added to this, further studies are needed on different food 502 

categories, with smaller and larger differences among samples, to see to what extent these 503 

potential ticking groups may affect the outcome of the studies.   504 

 505 

5. Conclusion 506 

This paper unveils that individual differences underly how children 6-9 y.o. approach CATA 507 

tests, influencing the outcome, with potential implications for test design, validity check and 508 

interpretation of results.  We propose three ticking style indicators to study this: number of 509 

ticks, standard deviation of number of ticks per sample, and number of different attributes used 510 

in the test. Our analysis revealed one group, the “few tickers”, that used the CATA list scarcely 511 

and produced less informative data, potentially due to cognitive limitations. The other two 512 

groups produced valid data, closer to QDA by a trained panel, indicating that the test protocols 513 

were suitable for the majority of children. 514 

Further analysis revealed that the latter two groups likely adopted different test strategies: The 515 

“unsteady tickers” increased their number of ticks over the test, implying a sample space-516 

relative test strategy. In contrast, the “steady tickers” might have used the list in a more 517 

absolute way. Future research may investigate if children displaying a sample-space relative 518 

strategy in CATA are more capable of conducting other sample-space relative methods, such 519 

as projective mapping, than those relying on absolute strategies.  520 
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In our discussion we provided an overview of suitable child-friendly adaptations of the CATA 521 

test protocol for future studies. Future research should also aim at better understanding the 522 

effects of ticking style in other product categories and potential ticking groups in adult 523 

population. 524 
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Tables 614 

Table 1 615 
An overview of the test setup of previous sensory CATA studies with children which involved the 616 
tasting of samples  617 

Paper Age group 

CATA list 
generated 
by: 

Numbe
r of 
CATA 
attribut
es. 

Questio
nnaire 
form 

Assistan
ce during 
test Validation of CATA 

Cardinal et al. (2015) 11-12 
Women 
Food-science-
related consumers 

Experimenter 11** n/a  n/a - Comparison to women and Food-
science-related consumers 

Laureati et al. (2017) 8-11 Children 11 Paper Yes - Detection of pre-defined differences 

Lima et al. (2018) 6-12 
Adults 

Experimenter 
* 

6 Paper n/a - Detection of pre-defined differences 
- Comparison to adult panel 

Schouteten et al. 
(2017) 

10-12 
Teenagers 

Children 14 ** 
 

n/a No - Discrimination of samples 

n/a: Information not available 618 
* pilot-tested with age group 619 
** combined with non-sensory attributes 620 

 621 
Table 2  622 
Sample design with DoE factors. Low factor level=0, high factor level=1 623 

 DoE Bread   DoE Smoothie   

 
Sample 
name 

Salt 
0 = 0.4% 
1 = 1.2% 

Coarseness 
0 = fine flour 
1 = coarse flour 

Darkness 
0 = - 
1 = Caramel 
colouring 

Thickness 
0 = - 
1 = Xanthan gum 

Colour intensity 
0 = - 
1 = Beetroot 
powder 

Acidity 
0 = - 
1 = Lemon juice 

1, 1_1 0 0 0 0 0 0 

2 1 0 0 1 0 0 

3 0 1 0 0 1 0 

4 1 1 0 1 1 0 

5 0 0 1 0 0 1 

6 1 0 1 1 0 1 

7 0 1 1 0 1 1 

8 1 1 1 1 1 1 

 624 

Table 3  625 
Bread: Significance of CATA attributes for total child panel and ticking style groups 626 

Dataset 

 

 CATA 
attributes 

 Cochran's Q Test (p-values) 

Related to DoE 
factor 

Number 
of ticks 
total 

Total (N 
= 83) 

Few 
tickers 
(N= 28) 

Unsteady 
tickers 
(N= 27) 

Steady 
tickers 
(N= 28) 

Bread Darkness Light colour 290 0.000*** 0.000*** 0.000*** 0.000*** 

Dark colour 245 0.000*** 0.000*** 0.000*** 0.000*** 

Coarseness Not grainy 172 0.000*** 0.026* 0.002** 0.000*** 

Grainy 273 0.000*** 0.000*** 0.000*** 0.000*** 

Easy to chew 405 0.057 0.822 0.047* 0.489 

Hard to chew 95 0.179 0.280 0.069• 0.688 

Not coarse 137 0.000*** 0.664 0.012* 0.000*** 

Coarse 216 0.000*** 0.022* 0.001** 0.000*** 

Salt No salty taste 255 0.094 0.525 0.875 0.368 

Salty taste 174 0.012* 0.555 0.063• 0.184 

Note: significant effects are shown with *: *p < 0.05, **p < 0.01, ***p < 0.001, •p < 0.15 for ticking style groups 627 

 628 
Table 4 629 
Bread: Influence of DoE factors on 7-point-liking rating, p-values 630 

 DoE factor p-values 
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Total 
(N=83) 

Few 
tickers 
(N=28) 

Unsteady 
tickers 
(N=27) 

Steady 
tickers 
(N=28) 

Darkness 0.283 0.274 0.159 0.878 

Coarseness 0.012* 0.042* 0.106• 0.586 

Salt 0.000*** 0.251 0.000** 0.021* 

Darkness x Coarseness 0.000*** 0.322 0.004** 0.011* 

Darkness x Salt 0.483 0.138• 0.218 0.298 

Coarseness x Salt 0.666 0.766 0.749 0.496 

Note: significant effects are shown with *: *p < 0.05, **p < 0.01, ***p < 0.001, •p < 0.15 for ticking style groups 631 

 632 
Table 5 633 
Smoothie: Significance of CATA attributes for total child panel and ticking style groups 634 

Dataset 

 

 CATA 
attributes 

 Cochran's Q Test (p-values) 

Related to DoE 
factor 

Number 
of ticks 
total 

Total (N 
= 92) 

Few 
tickers 
(N= 31) 

Unsteady 
tickers 
(N= 30) 

Steady 
tickers 
(N= 31) 

Smoothie Colour intensity Light colour 123 0.000*** 0.001** 0.030* 0.024* 

Dark colour 323 0.000*** 0.020* 0.278 0.007** 

Thickness Bubbles 250 0.064 0.165 0.594 0.037* 

Thin 201 0.005** 0.479 0.257 0.008** 

Thick 245 0.000*** 0.259 0.008** 0.000*** 

Slimy 167 0.002** 0.865 0.053• 0.030* 

Acidity Very sour 226 0.000*** 0.001** 0.009* 0.000*** 

Lemon 267 0.000*** 0.002** 0.048* 0.000*** 

Acidity (indirect) Banana 237 0.005** 0.165 0.011* 0.151 

Strawberry 315 0.000*** 0.002** 0.136• 0.001** 

Raspberry 308 0.155 0.559 0.152 0.772 

Blueberry 267 0.005** 0.069• 0.200 0.234 

Other (Odour) Strong smell 149 0.203 0.780 0.728 0.192 

Other 
(Hedonics) 

Yummy 262 0.000*** 0.435 0.000*** 0.000*** 

Yuck 91 0.000*** 0.018* 0.034* 0.003** 

Note: significant effects are shown with *: *p < 0.05, **p < 0.01, ***p < 0.001, •p < 0.15 for ticking style groups 635 

 636 

Table 6 637 
Smoothie: Influence of DoE factors on 7-point-liking rating, p-values 638 

 DoE factor 

p-values 

Total 
(N=93) 

Few 
tickers 
(N=31) 

Unsteady 
tickers 
(N=30) 

Steady 
tickers 
(N=31) 

Colour intensity 0.255 0.198 0.568 0.174 

Thickness 0.306 0.054• 0.897 0.846 

Acidity 0.000*** 0.000*** 0.000*** 0.000*** 

Colour intensity x Thickness 0.795 0.846 0.967 0.481 

Colour intensity x Acidity 0.465 0.332 0.708 0.901 

Thickness x Acidity 0.165 0.415 0.090• 0.901 

Note: significant effects are shown with *: *p < 0.05, **p < 0.01, ***p < 0.001, •p < 0.15 for ticking style groups 639 

 640 

Table 7   641 
Similarity of perceptual space: children and  trained profile panel 642 
SMI Index comparing dimension 1, dimensions 1 to 2 and dimensions 1 to 3 of the score plots 643 

Dataset  Component(s) 

SMI: similarity between CATA and QDA 

Total 
(N=83/92) 

Few 
tickers 
(N=28/31) 

Unsteady 
tickers 
(N=27/30) 

Steady 
tickers 
(N=28/31) 

Bread 1 0.98 0.97 0.96 0.98 

1 to 2 0.92 0.92 0.93 0.88 

1 to 3 0.94 0.73 0.92 0.90 

Smoothie 1 0.81 0.66 0.78 0.87 

1 to 2 0.77 0.39 0.77 0.74 

1 to 3 0.93 0.44 0.89 0.94 

 644 

 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 



   

 

  27 

 

Table 8  645 
Potential influences on ticking number of “unsteady tickers”: sample, ranked liking and tasting position 646 

Dataset Variables P-value 

Bread, unsteady 
ticking group, N=27 

Sample 0.422 

Liking (ranked) 0.795 

Tasting position 0.000*** 

Smoothie, unsteady 
ticking group, N=30 

Sample 0.571 

Liking (ranked) 0.068 

Tasting position 0.000*** 

Note: significant effects are shown with *: ***p < 0.001 647 

 648 
Table 9 649 
Challenges and recommendations for CATA tests with children 650 

Challenge Recommendation Comment 

Understanding CATA attributes and 
relating them to samples 

Vocabulary development with children of 
targeted age group based on samples in 
experiment 

A repertory grid approach may be used to 
generate attributes 

Reading effort dominates the task Pre-familiarisation with the CATA list For the youngest, reading in class and/or 
parents prior to the test is recommended 

Time-consuming (reading) Use as little text as necessary for 
instructions 

Better to do a live instruction than explaining 
in text 

Skipping pages Usage of tablets Pages cannot be skipped, and children 
handle tablets more easily than multi-page 
documents. 

Forget to rinse mouth with water 
between samples 

Reminder screen Use an image (e.g. a glass of water) rather 
than a sentence 

Losing interest after a few samples Give a child-friendly purpose to the study Inviting children to help adults is engaging. 
Use an age-appropriate cover story. It 
doesn’t need to be credible as children 
under 10 y.o. enjoy fantasy. 

Few attributes selected Read the word, taste and tick if it applies “click all words that apply” is too generic and 
they may not go through the list 
systematically 

Confuse samples Usage of distinct symbols or alphabetic 
letters 

A,B,C,D,E,F,G,H 

 
Ideal product is misunderstood Trigger children’s' imagination  

CATA list is applied in an absolute 
manner, not restricted to the sample 
space 
 

Include a “warm-up” sample The list will be used in a sample-space 
relative manner. 

 651 

 652 

Appendix  653 

A.1. Liking 654 

Table A1   655 
Bread: Average 7-point liking rating of children 656 

Sample 

DoE Average Liking 

S
a
lt
 

C
o
a
rs

e
n
e
s

s
 

D
a
rk

n
e
s
s
 

Total 
(N=83) 

Few 
tickers 
(N=28) 

Unsteady 
tickers 
(N=27) 

Steady 
tickers 
(N=28) 

1 0 0 0 5.0 5.4 4.9 4.8 

2 1 0 0 6.0 6.1 6.0 5.9 

3 0 1 0 4.4 4.7 4.0 4.5 

4 1 1 0 5.0 5.2 4.9 5.0 

5 0 0 1 4.7 5.4 3.8 4.7 

6 1 0 1 5.2 5.3 5.3 5.1 
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7 0 1 1 4.6 4.8 4.0 5.0 

8 1 1 1 5.4 5.0 5.5 5.5 

 657 
 658 
Table A2  659 
Smoothie: Average 7-point liking rating of children 660 

Sample 

DoE Average Liking 

T
h

ic
k
n
e
s
s
 

C
o
lo

u
r 

in
te

n
s
it
y
 

A
c
id

it
y
 

Total 
(N=92) 

Few 
tickers 
(N=31) 

Unsteady 
tickers 
(N=30) 

Steady 
tickers 
(N=31) 

1 0 0 0 5.6 5.5 6.0 5.2 

2 1 0 0 5.6 6.0 5.6 5.1 

3 0 1 0 5.5 5.8 5.2 5.5 

4 1 1 0 6.1 6.5 6.3 5.4 

5 0 0 1 4.2 4.4 4.2 3.9 

6 1 0 1 4.3 4.7 4.6 3.7 

7 0 1 1 4.4 4.5 4.8 4.0 

8 1 1 1 4.2 4.7 3.6 4.3 

 661 

A.2. QDA 662 

Table A3  663 
Bread: QDA, average intensity rating (10-cm-scale) and p-values 664 

Attributes 

Average intensity rating per sample 

p-value 1 2 3 4 5 6 7 8 

Acidic odor 4.5 5.0 5.0 4.9 4.1 4.2 4.1 4.4 0.000*** 

Grain odor 3.9 4.4 5.2 4.9 3.8 3.9 4.0 4.2 0.000*** 

Cloying odor 1.6 1.6 1.1 1.2 1.8 1.8 1.5 1.5 0.003** 

Colour hue 4.9 5.0 4.9 4.9 5.0 5.0 5.1 5.1 0.007** 

Colour strength 2.0 1.8 2.0 2.1 4.2 4.2 4.3 4.3 0.000*** 

Whiteness 7.6 7.8 7.7 7.7 3.5 3.7 3.4 3.2 0.000*** 

Hardness 3.7 3.6 4.0 4.3 3.6 3.6 4.2 4.2 0.000*** 

Juiciness 4.6 4.9 4.7 4.9 4.6 4.7 4.5 4.8 0.098 

Coarseness 3.9 3.7 5.1 5.2 3.8 3.8 5.2 5.4 0.000*** 

Chewing 
resistance 3.7 3.8 5.0 5.1 3.6 3.9 5.1 5.0 0.000*** 

Sticky 3.7 3.7 3.0 3.1 3.5 3.6 3.1 3.1 0.000*** 

Doughy 4.0 3.9 2.8 3.0 3.7 4.0 3.0 3.1 0.000*** 

Acidic taste 4.1 4.9 4.5 4.9 3.3 3.8 3.5 4.6 0.000*** 

Sweet taste 2.9 2.9 2.8 2.8 2.8 2.8 2.6 3.1 0.007** 

Salt taste 2.5 3.6 2.6 3.7 2.4 3.5 2.2 3.6 0.000*** 

Bitter taste 3.3 3.6 3.3 3.5 3.5 3.8 3.7 3.7 0.005** 

Corn taste 3.8 4.2 4.8 5.1 3.4 3.6 4.2 4.9 0.000*** 

Cloyingtaste 3.2 1.9 2.7 1.2 3.5 2.2 3.3 1.5 0.000*** 

Note: significant effects are shown with *: *p < 0.05, **p < 0.01, ***p < 0.001 665 

 666 
Table A4  667 
Smoothie: QDA, average intensity rating (10-cm-scale) and p-values 668 

Attributes 

Average intensity rating per sample 

p-value 1 2 3 4 5 6 7 8 

Intensity smell 5.3 5.2 5.6 6.0 5.6 5.7 5.9 5.8 0.121 

Acidity smell 4.7 4.7 5.0 4.8 4.2 4.3 4.0 4.3 0.081 

Fruity Berry smell 5.8 6.3 6.0 6.2 5.3 5.4 5.2 5.6 0.019* 

Artifical smell 1.6 1.4 1.9 2.0 2.5 2.9 2.7 2.5 0.018* 

Colour intensity 4.5 4.0 6.4 6.4 4.5 4.4 6.3 5.9 0.000*** 

Whiteness 5.3 5.7 3.6 3.5 5.3 5.4 3.6 4.0 0.000*** 

Taste intensity 6.1 5.7 6.5 6.2 7.0 7.0 7.0 6.5 0.000*** 

Acidity 5.2 4.9 5.1 5.0 3.9 3.5 3.8 3.7 0.000*** 

Sweetness 4.8 4.5 4.5 5.0 3.8 3.7 3.7 4.1 0.000*** 

Sourness 4.7 5.1 5.2 4.5 6.5 6.7 6.5 6.3 0.000*** 

Bitterness 3.5 3.6 3.6 4.3 4.3 4.3 4.0 4.3 0.002** 

Metallic 2.5 2.8 2.6 2.7 2.8 2.7 2.7 2.5 0.469 
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Fruit Berry 6.9 6.3 6.5 6.3 5.5 5.3 5.5 5.4 0.000*** 

Artificial 1.4 1.6 2.0 2.7 3.7 4.3 3.8 3.8 0.000*** 

Fullness 4.4 5.5 4.5 5.8 4.0 5.6 4.4 5.6 0.000*** 

Viscosity 2.2 4.9 2.6 4.9 2.4 4.9 2.7 5.2 0.000*** 

Astringency 3.8 3.6 4.0 3.6 5.0 5.2 5.3 4.8 0.000*** 

Pungency 2.3 2.7 3.7 3.1 4.6 4.7 4.7 4.6 0.000*** 

Note: significant effects are shown with *: *p < 0.05, **p < 0.01, ***p < 0.001 669 

 670 

Figure captions 671 

Fig. 1 Four of the bread samples in study 1, illustrating the visual differences corresponding to sample 672 

numbers as indicated 673 

Fig. 2 Paper questionnaire in the Bread test 674 

Fig. 3 Electronic questionnaire in the Smoothie test: a): welcome screen, b): gender and grade input, 675 

c): liking, d): CATA, e): reminder to rinse, e): thank you end screen 676 

Fig. 4 Ticking style indicators (number, std and attributes) for the Bread (left) and Smoothie (right) study. 677 

Histogram of distribution in the diagonal, visual correlation in the lower panel and Pearson correlation in 678 

the upper panel. 679 

Fig. 5 PCA Biplot of ticking style indicators, individuals grouped according to ticking style. Three ticking 680 

style groups were built based on the first two PCA components of the standardized ticking style 681 

indicators. Individuals are coloured according to the ticking style group.  682 

Fig. 6 Mosaic plot displaying the ticking style group sizes per age group in Bread / school grade 683 

(corresponding to the year of birth) in Smoothie. 684 

Fig. 7 Bread: Score plots: left: CA, middle: MFA, right: PCA each with liking in correlation circle. For 685 

better interpretation of samples the DoE factor levels are projected as supplementary variables. The 686 

centre of text corresponds to the exact location. In the MFA the partial coordinates of the DoE factor 687 

levels of each ticking style group are connected to the overall MFA configuration. Top row: Component 688 

1 & 2, bottom row: Component 2 & 3 689 

Fig. 8 Smoothie: Score plots: left: CA, middle: MFA, right: PCA each with liking in correlation circle. For 690 

better interpretation of samples the DoE factor levels are projected as supplementary variables. The 691 

centre of text corresponds to the exact location. In the MFA the partial coordinates of the DoE factor 692 
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levels of each ticking style group are connected to the overall MFA configuration. Top row: Component 693 

1 & 2, bottom row: Component 2 & 3 694 

Fig. 9 Average number of ticks and tasting position of sample for ticking style groups 695 

Supplementary material 696 

Fig. S.1 Bread: Perceptual space of children, CA of CATA. Left: Score plots with projected DoE factor 697 

levels, Middle: loading plots, sizes represent ticking number, not significant attributes are displayed in 698 

lighter colour, Right: Correlation of liking. Upper: Component 1 & 2, Lower: Component 2 & 3  699 

Fig. S.2 Bread: Perceptual space of “few tickers”, CA of CATA. Left: Score plots with projected DoE 700 

factor levels, Middle: loading plots, sizes represent ticking number, attributes with p-values > 0.15 are 701 

displayed in lighter colour, Right: Correlation of liking. Upper: Component 1 & 2, Lower: Component 2 702 

& 3 703 

Fig. S.3 Bread: Perceptual space of “unsteady tickers”, CA of CATA. Left: Score plots with projected 704 

DoE factor levels, Middle: loading plots, sizes represent ticking number, attributes with p-values > 0.15 705 

are displayed in lighter colour, Right: Correlation of liking. Upper: Component 1 & 2, Lower: Component 706 

2 & 3  707 

Fig. S.4 Bread: Perceptual space of “steady tickers”, CA of CATA. Left: Score plots with projected 708 

DoE factor levels, Middle: loading plots, sizes represent ticking number, attributes with p-values > 0.15 709 

are displayed in lighter colour, Right: Correlation of liking. Upper: Component 1 & 2, Lower: Component 710 

2 & 3  711 

Fig. S.5 Bead: Perceptual space of trained profile panel, PCA with QDA data. Left: Score plots with 712 

projected DoE factor levels, Middle: loading plots, Right: Correlation of liking. Upper: Component 1 & 2, 713 

Lower: Component 2 & 3  714 

Fig. S.6 Smoothie: Perceptual space of children, CA of CATA. Left: Score plots with projected DoE 715 

factor levels, Middle: loading plots, sizes represent ticking number, not significant attributes are 716 

displayed in lighter colour, Right: Correlation of liking. Upper: Component 1 & 2, Lower: Component 2 717 

& 3  718 
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Fig. S.7 Smoothie: Perceptual space of “few tickers”, CA of CATA. Left: Score plots with projected 719 

DoE factor levels, Middle: loading plots, sizes represent ticking number, attributes with p-values > 720 

0.15 are displayed in lighter colour, Right: Correlation of liking. Upper: Component 1 & 2, Lower: 721 

Component 2 & 3  722 

Fig. S.8 Smoothie: Perceptual space of “unsteady tickers”, CA of CATA. Left: Score plots with 723 

projected DoE factor levels, Middle: loading plots, sizes represent ticking number, attributes with p-724 

values > 0.15 are displayed in lighter colour, Right: Correlation of liking. Upper: Component 1 & 2, Lower: 725 

Component 2 & 3  726 

Fig. S.9 Smoothie: Perceptual space of “steady tickers”, CA of CATA. Left: Score plots with projected 727 

DoE factor levels, Middle: loading plots, sizes represent ticking number, attributes with p-values > 0.15 728 

are displayed in lighter colour, Right: Correlation of liking. Upper: Component 1 & 2, Lower: Component 729 

2 & 3  730 

Fig. S.10 Smoothie: Perceptual space of trained profile panel, PCA with QDA data. Left: Score plots 731 

with projected DoE factor levels, Middle: loading plots, Right: Correlation of liking. Upper: Component 1 732 

& 2, Lower: Component 2 & 3  733 
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