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ABSTRACT: 5 

The Free JAR protocol is introduced as a methodology for highlighting product improvement keys 6 

without imposing specific attributes to the respondents. Being relatively new, there is a need to 7 

demonstrate its relevance compared to an established sensory methodology such as the JAR 8 

procedure. The first aim of this study is to outline a strategy for the statistical analysis of Free JAR 9 

comments. This consists in extracting all the attributes assessed according to modalities such as "not 10 

enough", "JAR" and "too much", and recoding the Free JAR comments of each respondent into a 11 

products x attributes matrix. At a product level, an analysis is performed with the aim of highlighting 12 

the attributes that characterize the product under study. Thereafter, a multivariate descriptive 13 

analysis is presented. It consists in calculating a dissimilarity measure for each pair of products. 14 

Multidimensional Scaling (MDS) is performed on the dissimilarity matrix thus formed in order to 15 

obtain a graphical display that depicts the relationships among the products. For a comparison 16 

purpose, the same analyses are applied to JAR data. The findings based on a case study pertaining to 17 

cheeses make it possible to assess the respective shortcomings and benefits of Free JAR and JAR 18 

procedures. 19 

 20 
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1. Introduction 22 

 23 

In a product development context, R&D researchers aim to clearly identify consumers’ 24 
expectations and perceptions as well as highlight product improvement keys in order to better 25 
monitor the R&D process. Various strategies, known as rapid methods of evaluation (Delarue, 2015; 26 
Valentin et al., 2012) are nowadays available to investigate such aspects. The common feature of 27 
these methods is that they are easy to understand by the consumers. In particular, we single-out the 28 
Just-about-Right (JAR) procedure. This method of evaluation has gained ground these last years and 29 
is particularly appropriate to highlight product improvement keys. Its relevance was demonstrated by 30 
several authors (Rothman and Parker, 2009; Popper, 2014). In this task, a panel of respondents, 31 
generally formed of regular consumers of the category of products under investigation, are 32 
instructed to assess a set of products on the basis of a list of predefined attributes. Typically, each 33 
attribute has three or five categories indicating intensity levels that range from "not intense enough" 34 
to "too intense", with the level "just about right" (JAR) as the mid-point (Popper, 2014). However, the 35 
fact that the list of attributes is predefined and is the same from one respondent to another is a 36 
limitation. Indeed, the list of attributes may be incomplete in that sense that key attributes may be 37 
overlooked, some attributes may not be relevant to all the consumers or may be differently 38 
interpreted from one consumer to another. Moreover, it was reported that presenting a list of 39 
attributes to the consumers could bias their evaluation in that it could bestow on some attributes 40 
much more importance than they actually deserve, making them the primary focus of the consumers 41 
(Ares et al., 2017; Lawrence et al., 2013; Popper et al., 2004) .  42 

To cope with these limitations, alternative strategies of evaluation such as the free comments 43 
procedure (ten Kleij and Musters, 2003) allow the consumers to freely express their perception of 44 
the products using their own words. The resulting description is very close to the consumers’ mind 45 
and gives strength and value to their spontaneity. However, the resulting data are not satisfactory in 46 
a product development context since they lack a meaningful structure which would make them easily 47 
exploitable. Furthermore, it was reported that it is often difficult for the consumers to express 48 
themselves accurately and in an operational way to highlight product improvement keys (Lawless 49 
and Heymann, 2010; Symoneaux et al., 2012). 50 

We developed a new method of evaluation called Free JAR (Luc et al., 2020) which stands as a 51 
compromise between the JAR procedure with a fixed list of attributes and the completely 52 
unconstrained expression of the consumers. In Free JAR, the consumers are free to use their own 53 
vocabulary to express their perception of the products but they are instructed to use a structure 54 
similar to that of the JAR procedure. This means that they are nudged to use such terms as "too 55 
much", "just about right" or "not enough". By so doing, Free JAR procedure aims to provide a 56 
structured verbalization of the products’ improvement keys. However, although the data obtained by 57 
means of a Free JAR procedure are more structured than those obtained by means of a free 58 
comments procedure, their statistical treatment is quite challenging.  59 

The Free JAR experiment yields two kinds of data: (i) categorization data, which convey hedonic 60 
information, and (ii) textual data subjected to have a JAR structure and which highlight the assets and 61 
weaknesses of the products. This paper complements the previous study (Luc et al., 2020), which was 62 
more concerned with the presentation of the Free JAR protocol and where the statistical data 63 
analysis was based on the hedonic categorization data only. In this paper, we discuss how to 64 
investigate the relationships among the products based on the assets and weaknesses highlighted by 65 
the respondents. Moreover, since Free JAR procedure is relatively new, there is still a need to 66 
demonstrate its relevance and its benefits compared to the JAR procedure. 67 

The first aim of the study is to outline a strategy for the analysis of Free JAR data. This consists in 68 
recoding the Free JAR comments of each respondent into a products x attributes matrix. Thereafter, 69 
these matrices are submitted to ad-hoc statistical methods. The second aim of the study is to 70 
compare the findings from a Free JAR experiment to those from a JAR experiment and assess the 71 
respective merits and benefits of both tasks. The JAR experiment consists in evaluating a list of 72 
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predefined attributes according to JAR scales. For a straightforward comparison of the two methods 73 
of evaluation, the same strategy of statistical analysis applied to Free JAR data is also applied to the 74 
JAR data. To address these two issues, we set up a case study pertaining to cheese products whereby 75 
a panel of consumers were randomly assigned to two sub-panels. The consumers of one sub-panel 76 
were asked to perform the Free JAR task whereas the consumers of the other sub-panel performed a 77 
JAR task on the same products.  78 

The paper is organized as follows. In the first section, we give more details regarding the Free JAR 79 
and JAR procedures, and we discuss how the data from these two protocols are analyzed. The data 80 
collected for the comparison of these approaches are presented in a Case study section. The findings 81 
are outlined in the section Results. Discussion and concluding remarks on the comparison of the two 82 
methods of evaluation, namely JAR and Free JAR, are finally reported in light of the findings from the 83 
case study. 84 
  85 
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2. Data collection and statistical analyses 86 

 87 

2.1. Comparison between Free JAR and JAR data collection  88 

 89 

The Free JAR procedure consists in two steps (Luc et al., 2020): (i) a categorization step, whereby 90 
each respondent is instructed to sort the products into three hedonic categories, namely "I don’t 91 
like", "I like moderately" and "I like very much", (ii) an evaluation step whereby each respondent is 92 
invited to freely express themselves on each of the products while encouraged to use the terms "too 93 
much", "just about right (JAR)", "not enough" or equivalent phrasing. An example of Free JAR 94 
comment is: "This product is too salty, not soft enough".  95 

The first step aims at setting the respondent in a hedonic state of mind. In other words, it is used 96 
as a nudge (Thaler and Sunstein, 2008) to make the respondent focus on which characteristics they 97 
appreciate and which characteristics they do not appreciate in the products. In practice, this nudge 98 
approach, discussed in more details in a previous paper (Luc et al., 2020), entails that a majority of 99 
respondents express their assessments, in the second step, using a JAR structure. Sentence primers 100 
are given to guide the respondents in their evaluation (Fig. 1). 101 

It is clear that unlike the JAR protocol where the respondents are asked to evaluate the products 102 
based on a list of predefined attributes, the Free JAR protocol leaves the respondents free in their 103 
choice of attributes used to describe each product. In particular, in the JAR procedure, the 104 
respondents are instructed to assess the products according to all the attributes whereas, in the Free 105 
JAR procedure, the respondents may use some attributes for some products and not for others. 106 
 107 
 108 

 109 

 110 

 111 

 112 

 113 

 114 

 115 

 116 

 117 

 118 

 119 

2.2. Analysis of the Free JAR and JAR data 120 

 121 

As stated above, an assessment given by a respondent after a preliminary hedonic categorization 122 

should be focused on the products’ assets and weaknesses. To achieve descriptive analyses, either at 123 

a product level or for all the products combined, there is a need to carry out a preliminary textual 124 

data processing. The goal is to extract, from the Free JAR comments, all the attributes associated 125 

with a modality such as "too much", "JAR" or "not enough". For this purpose, a lexical analysis of 126 

each Free JAR comment is carried out and all these attributes are collected in a table. Thereafter, a 127 

grouping of synonymous terms is achieved. In practice, a few people (two or three) are involved to 128 

carry out this lexical analysis and recoding in order to avoid as much bias of subjectivity as possible. 129 

After having worked individually on a sample of comments from different respondents, a consensus 130 

stage makes it possible to reach a detailed coding protocol of the sentences, which will be 131 

implemented on the whole corpus. 132 

 133 

Fig. 1: Summary of the Free JAR protocol 
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For each respondent, an individual table is created: the rows correspond to the products and the 134 

columns correspond to the attributes used by the respondent to describe the products. For each of 135 

these attributes, the assessments are expressed by "too much", "just about right" or "not enough". In 136 

the following, we shall refer to these terms as "Free JAR modalities". Thus, for each respondent’s 137 

table, we find, at the intersection of a row and a column, a Free JAR modality. As illustrated in Fig. 2, 138 

the values 1, 2 and 3 were assigned to the modalities "not enough", "JAR" and "too much", 139 

respectively. The data that are not available are indicated by the symbol "-". Obviously, several 140 

entries are not available because not all the attributes selected by each respondent apply to all the 141 

products. It is also important to note that from one respondent to another, the tables do not refer to 142 

the same attributes and, in particular, do not have the same number of columns. 143 

 144 

 145 

 146 

 147 

 148 

 149 

 150 

 151 

 152 
Fig. 2: Individual tables resulting from the recoding of the Free JAR comments 153 

2.2.1. Data analysis at a product level  154 

 155 

We consider each product in turn. For each modality of each Free JAR attribute, we computed, 156 

on the one hand, the proportion of respondents who used this modality to describe the product 157 

under consideration and, on the other hand, the same proportion after pooling all the products. 158 

Thereafter, a hypothesis test based on the hypergeometric distribution (Lebart et al., 1995) was 159 

performed in order to assess whether the former proportion is larger than the latter proportion. This 160 

makes it possible to highlight which Free JAR attributes and which of their corresponding modalities 161 

specifically characterize the product under study.  162 

 163 

2.2.2. Multivariate descriptive analysis  164 

 165 

In order to investigate the relationships among the products, the individual tables (Fig. 2) were 166 

horizontally concatenated, yielding a matrix that we denote by �. Obviously, the rows of this matrix 167 

correspond to the products and the columns correspond to the attributes elicited by all the 168 

respondents. In practice, each column of � is denoted by "attribute_ID of the judge that used it" (e.g. 169 

"salty_J1", to represent the attribute "salty" used by the judge J1). As stated above, several entries in 170 

X are missing because not all the attributes are used to evaluate all the products. Based on X, we 171 

undertake to calculate a dissimilarity measure between each pair of products, yielding a products x 172 

products dissimilarity matrix. 173 

 174 

The recoding of the Free JAR modalities into 3 categories, "1: not enough", "2: JAR" and "3: too 175 

much" is related to the fact that the distance between modalities "1: not enough" and "3: too much" 176 

is considered larger than that between modalities "1: not enough" and "2: JAR" and modalities "2: 177 

JAR" and "3: too much". Furthermore, the dissimilarity between each pair of products is computed by 178 

considering only the data from the Free JAR attributes that were used to describe both products. 179 
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Formally, the dissimilarity �(�, ��) between two products � and �′ corresponds to the city-block 180 

distance (Melter, 1987), also known as absolute value distance. It is given by: 181 

 182 

                                              �(�, ��) =
�

�
�� (����)
 ∑ | ���, �� − ����, �� |� ∈ ����                                 (1) 183 

 184 

where ���� represents the set of columns in � for which both products � and �′ were assessed (i.e. the 185 
set of Free JAR attributes used by the judges to assess both products), � !"(����) is the number of 186 

elements in ����, and ���, �� represents the entry of � corresponding to product � and attribute �. 187 
 188 

By way of investigating the relationships between the products, a metric Multidimensional 189 

Scaling (MDS) was performed on the dissimilarity matrix #. The aim is to seek a low-dimensional 190 
representation space (ideally, a two-dimensional space) to depict the configuration of the products 191 
with the requirement that the Euclidean distances between the products measured on this low 192 

dimensional space should be as close as possible to the dissimilarities in matrix # (Shepard, 1962). A 193 
commonly used algorithm to achieve this goal is the SMACOF algorithm (De Leeuw and Heiser, 1977). 194 
The number of axes for the representation space was chosen based on the stress criterion, which 195 
reflects the lack of fit between the original dissimilarities and the Euclidean distances in the 196 
representation space. Obviously, this criterion decreases as the number of axes increases. A rule of 197 
thumb is that a stress value below 0.20 is acceptable (Cox & Cox, 1990; Kruskal, 1964).  198 

 199 
As stated above, the aim of our study was also to compare the results of a Free JAR task with 200 

those of a conventional JAR task. For this comparison purpose, the statistical procedure described for 201 
the analysis of Free JAR data was applied to JAR data. In the case of JAR data, each individual data 202 
table has the same number of columns since all the respondents use the same list of attributes. 203 

Nevertheless, the data tables were also horizontally concatenated into a matrix �. Thereafter, the 204 
dissimilarity matrix between products was calculated using the same dissimilarity index as the one 205 
defined in Eq. (1). In practice, for each pair of products (�, ��), � !" (����) is equal to the number of 206 
JAR attributes by the number of respondents. Eventually, the same Multidimensional Scaling 207 
procedure was performed on the dissimilarity matrix thus computed. 208 

 209 
The statistical analysis was performed within the software R, version 4.0.3 (R Core Team, 2020). 210 

In particular, the FactoMineR package (Lê et al., 2008) version 2.4 and the smacof package (De Leeuw 211 
and Mair, 2009) version 2.1 were used. 212 
  213 
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3. Case study 214 

 215 

The data collection took place in downtown Bordeaux, France. Eight French pressed cheeses 216 
were assessed, including one cheese (Cantal) which was replicated (Table 1). These cheeses are 217 
among the most commonly available and commonly consumed pressed cheeses in France. All the 218 
cheeses were purchased at the same supermarket. 219 
 220 

Cheese Abbreviation   Cheese Abbreviation 

Beaufort B   Emmental E 

Cantal  C   Morbier M 

Cantal (Replic.) CR   Reblochon R 

Comte CE   Saint Nectaire S 

 221 

 222 

 223 

A panel of 149 respondents took part in the experiment. They were recruited in the street by a 224 

team of investigators. They claimed to be regular consumers of pressed cheeses. Among these 225 

respondents, 43% were male and 57% were female. They were aged between 18 and 76 years.  226 

The panelists were randomly allocated to two sub-panels. A sub-panel composed of 77 of the 227 

respondents participated in a Free JAR protocol, whereas the remaining 72 respondents evaluated 228 

the cheeses according to a JAR protocol. The eight products were presented in the form of cubes of 229 

dimensions 1 x 1 x 1.5 cm on a tray. They were arranged according to a balanced experimental 230 

design in order to avoid carry-over effect. Moreover, each respondent has neutral crackers and Evian 231 

water in order to neutralize their palate after tasting each cheese sample.  232 

 233 
The nine predefined attributes used during the JAR protocol are given in Table 2, with their 234 

extreme anchors. These attributes are commonly used to describe cheeses in the studies conducted 235 
by the company that collaborated to this case study. They draw from the cheese sensory analysis grid 236 
available on the French dairy products website (at https://www.produits-laitiers.com). For the 237 
statistical analysis, the data were recoded as a three-point scale. 238 

 239 

 240 
 241 

 242 

Attribute Extreme anchors Abbreviation 

Color "too yellow" to "too white" color 

Touch consistency "too soft" to "too hard" cons_touch 

Smell intensity "not intense enough" to "too intense" smell 

Taste intensity "too bland" to "too intense" intensity 

Taste fruitiness "not fruity enough" to "too fruity" fruity 

Taste salinity "not salty enough" to "too salty" salty 

Texture firmness "too soft" to "too firm" firm 

Texture creaminess "not creamy enough" to "too creamy" creamy 

After-taste intensity "not intense enough" to "too intense" at_intensity 

Table 1: The eight French cheeses used in the case study and their abbreviations 

Table 2: Nine attributes used in the JAR experiment 
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4. Results 243 

 244 

4.1.  Analysis of Free JAR data 245 

 246 

4.1.1. Preliminary data analyses 247 

 248 

In a first place, we report that one hedonic categorization and six Free JAR comments were 249 

missing.  250 

 251 

The respondents used an average of 13 words to describe each product. However, this number 252 

significantly varied from one respondent to another since some of them used up to 34 words to 253 

describe a product, whereas others used only one word. 254 

The number of times the modalities "too much", "JAR" and "not enough" have been used in Free 255 

JAR task, broken down according to the three hedonic categories, is plotted in Fig. 3. It is clear that 256 

the description of the products appears to be consistent with the hedonic categorization since the 257 

modality "JAR" is highly associated with the category "I like very much", whereas the modalities "too 258 

much" and "not enough" are more associated with the other two categories. 259 

 260 

  261 

 262 

 263 

 264 

 265 

 266 

 267 

 268 

 269 

 270 

 271 

 272 

 273 

 274 

4.1.2. Recoding of the Free JAR data 275 

 276 

In a first stage, we carried out a lexical analysis for each Free JAR comment, as discussed in 277 

Section 2.2. Then, a grouping of synonymous terms was realized: from an initial list of 253 extracted 278 

attributes derived from the Free JAR comments, the grouping of synonymous terms yielded 51 Free 279 

JAR attributes. As an example, grouping the terms soft and tender, on the one hand, and the terms 280 

firm, thick and hard, on the other hand, led to the creation of a Free JAR attribute relative to the 281 

firmness of the cheese. Each Free JAR attribute used in a comment is associated with a modality, 282 

which is, in the example above: "too soft", "just about right" or "too firm". As explained in section 283 

2.2., three people were involved in performing this recoding. More precisely, each one of them 284 

worked individually on nearly 20 Free JAR comments before discussion with the other analysts with 285 

the aim of setting up of a common recoding strategy. Eventually, the individual tables were 286 

constructed with as many columns as attributes used to describe the eight cheeses. An example of 287 

such a table is given in Fig. 4. 288 

 289 

 290 

Fig. 2: Number of times each Free JAR modality ("too much", "JAR" and "not enough") was used to describe the products for 

each hedonic category. 

0 50 100 150 200 250 300 350 400 450 500

I like very much

I like moderately

I don't like

Too much JAR Not enough
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 291 

 292 

 293 

 294 

 295 

 296 

 297 

 298 

 299 

 300 

 301 

 302 

 303 

 304 

 305 

 306 

 307 

 308 

 309 

It turned out that more than 93.5% of the respondents used at least one Free JAR attribute to 310 

describe the eight products. On average, there were seven Free JAR attributes used per respondent 311 

(Fig. 5). 312 

 313 

 314 

 315 

 316 

 317 

 318 

 319 

 320 

 321 

 322 

 323 

 324 

 325 

 326 

The contingency table that cross-tabulates the attributes and the Free JAR modalities is built 327 

(data not shown to save space). This contingency table highlights the fact that some attributes are 328 

only used in association with some modalities and not with others. This is the case of those attributes 329 

with a negative connotation such as "after-taste acidic", "taste butter" or "cardboard texture", which 330 

are associated with the modality "too much" only. Contrariwise, some attributes are only assessed as 331 

"JAR", but never as "too much" or "not enough". This is the case for the attributes "fruity", "after-332 

taste intensity" and "smell". 333 

We also created a contingency table that cross-tabulates the attributes and products in order to 334 

highlight those attributes that are used for specific products, and attributes that are used for several 335 

products (data not shown to save space). It turned out that ten attributes were specific to some 336 

products. These are mainly specific attributes such as the "overall Emmental taste", which refer to 337 

Fig. 4: Number of different Free JAR attributes used by the respondents 

Fig. 3 : Transformation of the Free JAR data for one respondent into an individual data table. The symbol "-" indicates 

missing data. 
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the type of the products. Contrariwise, fifteen attributes were used to assess all the eight products. 338 

They are common attributes such as "intensity of the taste" or "firmness of the texture". 339 

 340 

 341 

Table 3 shows the most cited attributes, with a frequency of citation larger than 5%, among the 342 

51 Free JAR attributes. A first finding is that some of these attributes are also present in the 343 

predefined list used in the JAR test ("Taste intensity", "Texture firmness", "Texture creaminess" and 344 

"Taste salinity"). Most importantly, the Free JAR analysis highlighted attributes that we had not 345 

thought of for the JAR study, but which turned out to be important for the respondents. This is the 346 

case of the concept of "cheese character", which was cited by around 12% of the respondents. 347 

Contrariwise, some attributes that we thought were important and that were included in the 348 

predefined list of JAR attributes turned out to be not so important for the respondents. Examples of 349 

such attributes are the smell of the cheese or its fruity taste, which were cited by only 4.5% and 2.4% 350 

of the respondents, respectively. 351 

 352 

 353 

 354 

 355 

4.1.3. Data analysis at a product level 356 

 357 

As stated in Section 2.2.1, for each product in turn, we performed a hypothesis test to assess 358 

whether the frequency of citations of each modality of each Free JAR attribute for the product under 359 

consideration was larger than the same frequency for all the products combined. The most 360 

significant modalities, ranked by decreasing order of significance, are given in Table 4. 361 

 362 

 363 

Free JAR attribute Frequency of use Example 

Intensity  37.01% "The taste is too strong" 

Overall texture 21.43% "Very pleasant texture, I love it" 

Overall taste  21.10% "The taste is perfect" 

Firm 15.58% "The texture is too hard, I don’t like" 

Character  11.69% "This product lacks character" 

Overall appreciation  9.09% "I like this cheese because it is pleasant" 

Creamy 7.47% "I don’t like it because the texture is too dry" 

Fluid 5.52% "I find the texture of the cheese too liquid for me" 

Salty 5.03 % "This cheese is too salty" 

Product Attribute Level 
% of citations  

for the product 
% of citations 

all products 
p-value 

B 

fruity jar 3.9 1.2 0.011 

comte jar 2.0 0.4 0.036 

acidic too much 2.6 0.9 0.063 

character too much 2.0 0.5 0.065 

C 

salty too much 5.4 1.0 <0.001 

tx_common not enough 1.4 0.3 0.087 

creamy not enough 4.1 1.9 0.098 

Table 3: Most cited Free JAR attributes based on the Free JAR comments 
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Table 5: Product dissimilarity matrix based on the Free JAR data. In bold, the smallest and largest dissimilarities are 

highlighted. Between parentheses, the number of instances that were used to compute each dissimilarity measure are 

indicated. 

 364 

 365 

 366 

 367 

 368 

 369 

 370 

 371 

 372 

 373 

 374 

 375 

 376 

 377 

 378 

 379 

 380 

Examples of conclusion that can be drawn from Table 4 are: (i) both the Cantal cheeses (C and 381 

CR) appear to have a too pronounced salty taste; (ii) the Comte and the Emmental cheeses seem to 382 

be too common and too bland; (iii) the Reblochon cheese is perceived as too sticky and not firm 383 

enough.  384 

 385 

4.1.4. Multivariate descriptive analysis 386 

 387 

 From the 77 concatenated individual tables, which give the assessment of the eight products 388 

based on the Free JAR attributes, we computed a products x products dissimilarity matrix based on 389 

Eq. (1) (Table 5). We also show in this table the number of instances (i.e., assessments) that served to 390 

compute each dissimilarity measure. 391 

 392 

 393 

 394 

 395 

 396 

CR salty too much 3.0 1.0 0.076 

CE 

intensity not enough 19.0 8.7 <0.001 

overall_at too much 3.0 0.6 0.008 

tx_common too much 2.3 0.4 0.024 

E 

emmental jar 2.8 0.3 <0.001 

intensity not enough 17.0 8.7 <0.001 

gruyere jar 2.8 0.4 0.002 

common jar 2.1 0.3 0.013 

common too much 2.8 0.7 0.020 

rubbery too much 4.3 1.5 0.023 

overall_taste not enough 2.1 0.4 0.029 

M 
at_intensity jar 3.8 0.9 0.003 

firm not enough 5.6 2.7 0.038 

R 

firm not enough 7.3 2.7 0.002 

sticky too much 4.0 0.9 0.002 

character jar 7.9 3.7 0.012 

flowing jar 5.3 2.2 0.027 

creamy jar 4.0 1.7 0.071 

bitter jar 1.3 0.3 0.092 

S 

intensity not enough 16.3 8.7 0.002 

firm not enough 5.4 2.7 0.067 

flowing jar 4.8 2.2 0.073 

B C CE CR E M R S 

B 0 
0.24 
(51) 

0.39 
(36) 

0.33 
(46) 

0.58  
(38) 

0.27 
(49) 

0.50 
(40) 

0.60 
(37) 

C 0.24 
(51) 

0 
0.59 
(39) 

0.15 
(41) 

0.54 
(37) 

0.31 
(42) 

0.46 
(37) 

0.47 
(43) 

CE 0.39 
(36) 

0.59 
(39) 

0  
0.39 
(39) 

0.19 
(36) 

0.51 
(37) 

0.58 
(38) 

0.24 
(41) 

CR 0.33 
(46) 

0.15  
(41) 

0.39 
(39) 

0 
0.41 
(34) 

0.35  
(37) 

0.23 
(31) 

0.58 
(33) 

E 0.58  
(38) 

0.54  
(37) 

0.19 
(36) 

0.41 
(34) 

0  0.44 
(41) 

0.66  
(32) 

0.37 
(38) 

M 0.27 
(49) 

0.31 
(42) 

0.51 
(37) 

0.35 
(37) 

0.44 
(41) 

0  0.31 
(39) 

0.37 
(43) 

R 0.50 
(40) 

0.46  
(37) 

0.58 
(38) 

0.23 
(31) 

0.66 
(32) 

0.31 
(39) 

0  
0.33 
(55) 

S 0.60 
(37) 

0.47 
(43) 

0.24 
(41) 

0.58 
(33) 

0.37 
(38) 

0.37 
(43) 

0.33 
(55) 

0  

Table 4: Characterization of the products by comparison of the frequencies of citations for Free JAR data 

(tx: texture; at: after-taste) 
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It appears that the smallest dissimilarity is between the repeated Cantal samples. We can 397 

observe that the Emmental and the Comte cheeses are close to each other. Contrariwise, the largest 398 

dissimilarity is between the Emmental and the Reblochon cheeses. The Saint-Nectaire and the 399 

Beaufort cheeses are also far removed from each other.  400 

 401 

The dissimilarity matrix was submitted to the MDS procedure. We chose a two-dimensional 402 

representation of the products, which corresponds to a stress value of 0.18. The product 403 

representation, based on these two first dimensions, is shown in Fig. 6. On this graphical display, we 404 

superimposed the characterization of the products extracted from Table 4. 405 

 406 

 407 

 408 

 409 

 410 

 411 

 412 

 413 

 414 

 415 

 416 

 417 

 418 

 419 

 420 

 421 

 422 

 423 

 424 

We can see that the first MDS axis opposes the Cantal cheeses (C and CR), the Morbier (M), the 425 

Beaufort (B) and the Reblochon (R) cheeses, characterized by a strong intensity, to the Emmental (E), 426 

the Comte (CE) and the Saint-Nectaire (S) cheeses, characterized by a bland and common aspect. The 427 

second axis opposes the Reblochon (R) and Saint-Nectaire (S) cheeses, characterized by a flowing and 428 

not firm enough texture, to the Emmental (E) cheese, characterized by a rubbery texture, and the 429 

Beaufort (B) and Cantal (C) cheeses, characterized by an under-representation of the use of the "not 430 

firm enough" attribute. 431 

 432 

4.2. Analysis of JAR data  433 

 434 

4.2.1. Data analysis at a product level 435 

 436 

Based on the contingency table that cross-tabulates the eight products and the nine assessed 437 

attributes, a description of frequencies is carried out, in order to highlight the JAR modalities that are 438 

more often used to describe a product rather than the others. The attributes together with their 439 

modalities are ranked by decreasing order of significance. The most significant ones are shown in 440 

Table 6. They are named according to the abbreviations defined in Table 2. 441 

 442 

 443 

 444 

Figure 5: Final representation of Free JAR results 
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 445 

 446 

 447 

 448 

 449 

 450 

 451 

 452 

 453 

 454 

 455 

 456 

 457 

 458 

 459 

 460 

 461 

 462 

 463 

 464 

 465 

 466 

 467 

 468 

 469 

 470 

 471 

 472 

 473 

 474 

 475 

 476 

Examples of conclusion that can be drawn from this table are: (i) both the Cantal cheeses (C and 477 

CR) appear to have a too pronounced salty taste; (ii) the Comte and the Emmental cheeses appear to 478 

be not intense enough; (iii) the Morbier cheese seems to be too intense; (iv) the Reblochon and the 479 

Saint-Nectaire cheeses seem to be too soft and not firm enough.  480 

 481 

4.2.2. Multivariate descriptive analysis 482 

 483 

Once the information regarding the assets and weaknesses of the various products is highlighted, 484 

we aim to graphically represent these products in order to investigate their relationships. As 485 

proposed in Section 2.2.2, a dissimilarity measure based on Eq. (1) is calculated for each pair of 486 

products from the matrix � that concatenates all the individual JAR assessments. In this case, all the 487 

attributes were assessed by all the respondents for all the products. The resulting dissimilarity matrix 488 

is presented in Table 7. 489 

 490 

 491 

 Product Attribute Level 
% of citations  

for the product 
% of citations all 

products 
p-value 

B 

cons_touch too much 3.7 2.0 0.004 

intensity jar 6.8 4.7 0.014 

color too much 3.9 2.5 0.026 

C 

salty too much 5.7 2.7 <0.001 

cons_touch too much 4.6 2.0 <0.001 

intensity too much 3.7 2.3 0.022 

firm jar 8.3 6.2 0.027 

CR 
salty too much 5.6 2.7 <0.001 

firm too much 3.2 1.8 0.009 

CE 

color not enough 5.1 1.9 <0.001 

intensity not enough 6.6 4.1 0.001 

cons_touch jar 7.9 5.7 0.016 

E 

creamy not enough 4.5 2.5 0.002 

intensity not enough 6.3 4.1 0.005 

cons_touch jar 8.0 5.7 0.01 

salty not enough 4.3 2.8 0.019 

firm too much 3.1 1.8 0.019 

M 

smell too much 3.5 1.2 <0.001 

at_intensity too much 5.1 2.4 <0.001 

intensity too much 4.9 2.3 <0.001 

cons_touch not enough 6.5 3.4 <0.001 

firm not enough 5.9 3.1 <0.001 

creamy too much 4.8 2.7 0.001 

R 

cons_touch not enough 9.4 3.4 <0.001 

firm not enough 8.2 3.1 <0.001 

creamy too much 7.3 2.7 <0.001 

color too much 4.6 2.5 0.001 

S 

cons_touch not enough 7.7 3.4 <0.001 

firm not enough 6.5 3.1 <0.001 

color too much 5.4 2.5 <0.001 

at_intensity not enough 7.1 4.0 <0.001 

creamy too much 5.2 2.7 <0.001 

intensity not enough 7.1 4.1 <0.001 

salty not enough 5.2 2.8 <0.001 

smell not enough 7.3 4.6 0.002 

Table 6: Characterization of the products by comparison of the frequencies of citations for JAR data (at: after-taste) 
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 492 

 493 

 494 

 495 

 496 

 497 

 498 

 499 

 500 

 501 

 502 

 503 

 504 

 505 

It appears that the smallest dissimilarity is between both the Cantal, and the largest 506 

dissimilarities are between the Emmental and the Reblochon on the one hand, and between the 507 

Cantal and the Reblochon on the other hand. 508 

An MDS procedure based on the SMACOF algorithm is carried out, and the product 509 

representation is displayed in Fig. 7. We chose a two-dimensional representation of the products, 510 

which corresponds to a stress value equal to 0.20. 511 

In order to have a global product representation, we superimposed on Fig. 7 the findings from 512 

the description of the frequencies (Table 6). 513 

 514 

 515 

 516 

 517 

 518 

 519 

 520 

 521 

 522 

 523 

 524 

 525 

 526 

 527 

 528 

 529 

 530 

 531 

 532 

 533 

This graphical representation of the products highlights the same oppositions on both axes as the 534 

Free JAR representation. In particular, the first axis opposes the Morbier (M), the Beaufort (B), the 535 

Cantal (C and CR) and the Reblochon (R) cheeses, characterized by a strong intensity, to the Comte 536 

(CE), the Emmental (E) and the Saint-Nectaire (S) cheeses, characterized as bland cheeses. The 537 

B C CE CR E M R S 

B 0 0.58 0.70 0.59 0.68 0.79 1.06 0.99 

C 0.58 0 0.70 0.49 0.73 0.86 1.08 1.01 

CE 0.70 0.70 0 0.66 0.61 0.90 1.05 0.87 

CR 0.59 0.49 0.66 0 0.68 0.79 1.06 0.97 

E 0.68 0.73 0.61 0.68 0 0.90 1.08 0.85 

M 0.79 0.86 0.90 0.79 0.90 0 0.86 0.92 

R 1.06 1.08 1.05 1.06 1.08 0.86 0 0.73 

S 0.99 1.01 0.87 0.97 0.85 0.92 0.73 0 

Fig. 6: Final representation of JAR results 

Table 7: Product dissimilarity matrix based on the JAR data. In bold, the smallest and largest dissimilarities are highlighted. 
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second axis opposes the Reblochon (R), the Saint-Nectaire (S) and the Morbier (M) cheeses, 538 

characterized by a soft texture, to the other cheeses, which appear firmer. 539 

5. Discussion and concluding remarks 540 

 541 

The two MDS representations of the products in Fig. 6 and Fig. 7, respectively associated to Free 542 

JAR and JAR experiments, bear similarities to each other. This is also supported by the RV coefficient 543 

between the two configurations, which is equal to 0.68. Indeed, in both configurations, the Comte 544 

(CE) and the Emmental (E) cheeses are close to each other, and so are the Reblochon (R) and the 545 

Saint-Nectaire (S) cheeses. Moreover, the Cantal (C) cheese, which was replicated in order to assess 546 

the repeatability of the respondents, is close to its replicate (CR) in both figures.  547 

In terms of product improvement keys highlighted by both procedures of evaluation, several 548 

concordant conclusions can be drawn. For instance, the Cantal cheese is perceived as too salty and 549 

not creamy enough, the Comte cheese is perceived as too bland and the Reblochon cheese, too 550 

creamy. However, some findings were evidenced by the Free JAR approach, and not by the JAR 551 

experiment. This can be explained by the fact that in this latter task we used a restricted predefined 552 

list of attributes. For example, Free JAR data reveals that the Reblochon is too sticky and just about 553 

right in terms of cheese character. Another example concerns the Emmental, which is perceived as 554 

too common and too rubbery. It is noticeable that more attributes emerge as significantly 555 

differentiating the products from JAR data than from Free JAR data. This is due to the fact that the 556 

number of citations per attribute and per product is higher for each JAR modality than for each Free 557 

JAR modality. These higher citation frequencies must be related to two main reasons: in the JAR 558 

procedure, the number of attributes to assess is limited and all these attributes are evaluated by all 559 

the respondents. 560 

It is worth noting that the Free JAR procedure makes it possible to highlight the relative 561 

importance of the used attributes, which is a very valuable information. In particular, it highlights the 562 

fact that the taste intensity is the most cited attribute in Free JAR comments, ahead of the firmness 563 

attribute. 564 

Another noteworthy finding is that the attribute "character of the cheese" emerged as an 565 

important attribute in the Free JAR, whereas this attribute was not present in the predefined JAR list. 566 

The term "character" is defined as "the typical or original aspect of something" (Larousse, n.d.). In 567 

sensory analysis of cheeses, it could be assimilated to the taste intensity of the products. A closer 568 

examination of the comments where the term "character" was used indicates that this term is 569 

connected to "unique", "special", "original" or "typical". It was related in only 30% of the instances to 570 

the taste intensity of the cheeses. Thus, although the character aspect of a cheese is to some extent 571 

linked to its intensity, it fundamentally reflects a different kind of perception. 572 

 573 

Overall, the two procedures of evaluation (i.e., Free JAR and JAR) seems to point to the same 574 

improvement keys, which validates the proof of concept as to the Free JAR procedure. As a matter of 575 

fact, the free comments are steered towards highlighting the products’ assets and weaknesses 576 

through a nudge strategy whereby the respondents are instructed to sort the products in three 577 

hedonic categories. The paramount advantage of the Free JAR task is its flexibility since the 578 

respondents are free to use their own vocabulary to assess the products and are not constrained to 579 

use a predefined list of attributes, that they may not clearly understand or may interpret differently 580 

from one participant to another (Coulon-Leroy et al., 2017; Kim et al., 2017). As a consequence, the 581 

attributes and improvement keys that might be overlooked by using a JAR test can be revealed by 582 

performing a Free JAR experiment. Moreover, the importance of these findings can be inferred from 583 

the respondent’s comments (e.g., frequency of citations).  584 
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One may argue that the list of attributes in a JAR experiment could be improved and made more 585 

comprehensive by setting up preliminary experiments (e.g., focus groups, repertory grid analysis). 586 

Besides the cost and effort incurred by such preliminary investigations, there is still the risk that 587 

these attributes might be interpreted differently from one respondent to another. Thus, the Free JAR 588 

procedure better fulfills the requirements of a rapid method of sensory evaluation that meets the 589 

expectations of market research institutes. 590 

Instead of a Free JAR experiment, one may think of an alternative task akin to Free choice 591 

profiling (Arnold & Williams, 1986; Williams & Langron, 1984) whereby each respondent generates, 592 

in a first step, their list of attributes. Then, in a second step, they assess the products according to 593 

this list, following the Free JAR steps. In other words, each respondent has their own list of attributes 594 

but, unlike Free JAR task, all the attributes of this list are used to assess all the products. Obviously, 595 

this alternative task is more time consuming and, more importantly, the respondents’ evaluations 596 

would be less spontaneous than in a Free JAR experiment, as discussed herein. Moreover, Free JAR 597 

task is much more convenient than this alternative task in studies where respondents are picked at 598 

random in the street or during exhibitions. Indeed, setting up a list of attributes, be it common to all 599 

the respondents or specific to each respondent, entails presenting a relatively large set of products 600 

to the assessors to stimulate their imagination in the elicitation process. 601 

Another noteworthy remark is that JAR and Free JAR could complement each other. The Free JAR 602 

procedure could be used to generate insightful attributes. For routine experiments, these attributes 603 

could be used in JAR experiments. The complementarity of the two tasks is backed up by the fact 604 

that they use the same kind of scales. 605 

Notwithstanding its merits, a limitation to the use of the Free JAR procedure needs to be 606 

stressed. The recoding of the Free JAR data appears very time-consuming since the Free JAR 607 

comments are considered in turn and interpreted in terms of JAR evaluations. For the cheese case 608 

study, it took the three analysts around three hours and a half to achieve this task. Further 609 

investigations are needed in view of automating this lexical approach. We believe that Natural 610 

Language Processing (NLP) (Bird et al., 2009; Silge and Robinson, 2017) and machine learning 611 

algorithms (Ribeiro et al., 2016) could help tackling this issue. 612 

Future work will also focus on how to better assess the dissimilarities among the products based 613 

on the Free JAR data. In particular, we are investigating how to interpret the fact that some 614 

respondents used a given attribute to assess a specific product and not the other products. 615 

Acknowledgments 616 

 617 

The authors gratefully acknowledge the contribution of Jessie Bercher and Juliette Raymond for 618 

setting up the cheese case study and analyzing the data, as part of their Master’s degree project. A 619 

special thanks to Thomas Croguennec for his expertise in dairy products, which allowed us to better 620 

understand the products and the resulting data. The authors also thank two anonymous reviewers 621 

for their insightful comments.  622 



17 
 

Bibliography 623 

 624 

Ares, G., de Andrade, J. C., Antúnez, L., Alcaire, F., Swaney-Stueve, M., Gordon, S., & Jaeger, S. R. 625 

(2017). Hedonic product optimisation: CATA questions as alternatives to JAR scales. Food 626 

Quality and Preference, 55, 67–78. https://doi.org/10.1016/j.foodqual.2016.08.011 627 

Arnold, G. M., & Williams, A. A. (1986). The Use of Generalized Procrustes Technique in Sensory 628 

Analysis. Piggott, J.R., Ed., Statistical Procedures in Food Research, Elsevier Applied Science, 629 

233–255. 630 

Bird, S., Klein, E., & Loper, E. (2009). Natural language processing with Python (1st ed). O’Reilly. 631 

Coulon-Leroy, C., Symoneaux, R., Lawrence, G., Mehinagic, E., & Maitre, I. (2017). Mixed Profiling: A 632 

new tool of sensory analysis in a professional context. Application to wines. Food Quality and 633 

Preference, 57, 8–16. https://doi.org/10.1016/j.foodqual.2016.11.005 634 

Cox, M. A. A., & Cox, T. F. (1990). Interpreting stress in multidimensional scaling. Journal of Statistical 635 

Computation and Simulation, 37(3–4), 211–223. 636 

https://doi.org/10.1080/00949659008811305 637 

De Leeuw, J., & Heiser, W. (1977). ‘Convergence of Correction-Matrix Algorithms for 638 

Multidimensional Scaling.’ In JC Lingoes, EE Roskam, I Borg (eds.). Geometric Representations 639 

of Relational Data, 735–752. 640 

De Leeuw, J., & Mair, P. (2009). Multidimensional Scaling Using Majorization: SMACOF in R. Journal 641 

of Statistical Software, 31(3), 1–30. 642 

Delarue, J. (2015). The use of rapid sensory methods in R&D and research: An introduction. In Rapid 643 

Sensory Profiling Techniques (pp. 3–25). Elsevier. 644 

https://doi.org/10.1533/9781782422587.1.3 645 

Kim, I.-A., Hopkinson, A., van Hout, D., & Lee, H.-S. (2017). A novel two-step rating-based ‘double-646 

faced applicability’ test. Part 1: Its performance in sample discrimination in comparison to 647 

simple one-step applicability rating. Food Quality and Preference, 56, 189–200. 648 

https://doi.org/10.1016/j.foodqual.2016.10.010 649 



18 
 

Kruskal, J. B. (1964). Multidimensional scaling by optimizing goodness of fit to a nonmetric 650 

hypothesis. Psychometrika, 29(1), 1–27. https://doi.org/10.1007/BF02289565 651 

Larousse, É. (n.d.). Définitions: Caractère - Dictionnaire de français Larousse. Retrieved 9 April 2021, 652 

from https://www.larousse.fr/dictionnaires/francais/caract%C3%A8re/13058 653 

Lawless, H. T., & Heymann, H. (2010). Sensory Evaluation of Food. Springer New York. 654 

https://doi.org/10.1007/978-1-4419-6488-5 655 

Lawrence, G., Symoneaux, R., Maitre, I., Brossaud, F., Maestrojuan, M., & Mehinagic, E. (2013). Using 656 

the free comments method for sensory characterisation of Cabernet Franc wines: 657 

Comparison with classical profiling in a professional context. Food Quality and Preference, 658 

30(2), 145–155. https://doi.org/10.1016/j.foodqual.2013.04.005 659 

Lê, S., Josse, J., & Husson, F. (2008). FactoMineR: An R Package for Multivariate Analysis. Journal of 660 

Statistical Software. Journal of Statistical Software, 1–18. 661 

Lebart, L., Morineau, A., & Piron, M. (1995). Statistique exploratoire multidimensionnelle. Dunod. 662 

Luc, A., Lê, S., & Philippe, M. (2020). Nudging consumers for relevant data using Free JAR profiling: An 663 

application to product development. Food Quality and Preference, 79, 103751. 664 

https://doi.org/10.1016/j.foodqual.2019.103751 665 

Melter, R. A. (1987). Some characterizations of city block distance. Pattern Recognition Letters, 6(4), 666 

235–240. https://doi.org/10.1016/0167-8655(87)90082-1 667 

Popper, R. (2014). Use of Just-About-Right Scales in Consumer Research. In P. Varela & G. Ares (Eds.), 668 

Novel Techniques in Sensory Characterization and Consumer Profiling (pp. 137–156). CRC 669 

Press. https://doi.org/10.1201/b16853-6 670 

Popper, R., Rosenstock, W., Schraidt, M., & Kroll, B. J. (2004). The effect of attribute questions on 671 

overall liking ratings. Food Quality and Preference, 15(7–8), 853–858. 672 

https://doi.org/10.1016/j.foodqual.2003.12.004 673 

R Core Team. (2020). R: A Language and Environment for Statistical Computing. R Foundation for 674 

Statistical Computing. https://www.R-project.org/ 675 



19 
 

Ribeiro, M. T., Singh, S., & Guestrin, C. (2016). ‘Why Should I Trust You?’: Explaining the Predictions 676 

of Any Classifier. ArXiv:1602.04938 [Cs, Stat]. http://arxiv.org/abs/1602.04938 677 

Rothman, L., & Parker, M. J. (Eds.). (2009). Structure and Use of Just-About-Right Scales. In Just-678 

About-Right (JAR) Scales: Design, Usage, Benefits, and Risks (pp. 1-1–13). ASTM International. 679 

https://doi.org/10.1520/MNL11481M 680 

Shepard, R. N. (1962). The analysis of proximities: Multidimensional scaling with an unknown 681 

distance function. II. Psychometrika, 27(3), 219–246. https://doi.org/10.1007/BF02289621 682 

Silge, J., & Robinson, D. (2017). Text mining with R: A tidy approach (First edition). O’Reilly. 683 

Symoneaux, R., Galmarini, M. V., & Mehinagic, E. (2012). Comment analysis of consumer’s likes and 684 

dislikes as an alternative tool to preference mapping. A case study on apples. Food Quality 685 

and Preference, 24(1), 59–66. https://doi.org/10.1016/j.foodqual.2011.08.013 686 

ten Kleij, F., & Musters, P. A. D. (2003). Text analysis of open-ended survey responses: A 687 

complementary method to preference mapping. Food Quality and Preference, 14(1), 43–52. 688 

https://doi.org/10.1016/S0950-3293(02)00011-3 689 

Thaler, R. H., & Sunstein, C. R. (2008). Nudge: Improving decisions about health, wealth, and 690 

happiness. Yale University Press. 691 

Valentin, D., Chollet, S., Lelièvre, M., & Abdi, H. (2012). Quick and dirty but still pretty good: A review 692 

of new descriptive methods in food science: New descriptive methods in food science. 693 

International Journal of Food Science & Technology, 47(8), 1563–1578. 694 

https://doi.org/10.1111/j.1365-2621.2012.03022.x 695 

Williams, A. A., & Langron, S. P. (1984). The use of free-choice profiling for the evaluation of 696 

commercial ports. Journal of the Science of Food and Agriculture, 35(5), 558–568. 697 

https://doi.org/10.1002/jsfa.2740350513 698 

 699 




