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ABSTRACT
The popularity of projective mapping with consumers for sensory characterization has
markedly increased in the last five years. To have confidence in this methodology it is
necessary to ensure that a similar product profile would emerge if the test was repeated.
Also, deciding whether the study should be replicated or not is a key issue in test
implementation. In this context, the aim of the present work was to evaluate global and
individual reproducibility of projective mapping for sensory characterization with consumers
and to evaluate the influence of the size of difference among samples. Six consumer studies
were conducted using a test—retest paradigm. In each study, responses from the same group
of consumers to the same sample set in two different sessions were compared. Across the
six studies individual reproducibility tended to be low. However, the RV coefficients of
consensus sample configurations between sessions were higher than 0.75, suggesting that
test-retest reproducibility of projective mapping with consumers proved to be relatively high.
PRACTICAL APPLICATIONS

The present work provides evidence of the reproducibility of projective mapping for sensory
characterization with consumers. Although sample configurations were stable, some
differences in conclusions regarding similarities and differences among samples were
identified between sessions. This indicates that care must be taken when relying on results
of projective mapping with consumers obtained without the use of replicates, particularly
when working with sample sets with small differences. Results from the present work showed
that stability indices of sample configurations based on boostrapping resampling approaches
were related to global reproducibility. These indices could be useful to decide whether or not
it is necessary to replicate projective mapping in order to ensure that conclusions regarding
similarities and differences among samples would be repeatedly identified. This is of
particular interest considering the difficulty of asking consumers to attend separate sessions.

Keywords: sensory characterization; napping; projective mapping, consumer(s)
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INTRODUCTION
Sensory characterization is one of the most powerful and extensively used tools in sensory
science (Lawless and Heymann 2010). Descriptive analysis with highly trained assessors
has been the most popular method for sensory characterization in the last decades
(Meilgaard et al. 1999; Murray et al. 2001; Stone et al. 1974). Although this methodology
provides detailed, consistent, reproducible and stable in time results, it is time consuming
and can be quite expensive and difficult to apply in many situations (Murray et al. 2010;
Varela and Ares 2012). Therefore, the development of simpler and faster methods which use
consumers to describe products are becoming more accepted within the sensory science
community and are increasingly considered a valid alternative to obtain the sensory profile of
a set of products (Valentin et al. 2012; Varela and Ares 2012).
Projective mapping or Napping® is one of the novel methodologies for sensory
characterization which has been increasingly used in the last five years (Varela and Ares
2012). It is a projective type method which collects bi-dimensional perceptual maps for each
assessor in a single sensory session (Risvik et al. 1994). Samples are simultaneously
presented, and have to be positioned by each assessor on a bi-dimensional space according
to the global differences and similarities among them, in such a way that the more similar
they are, the closer they should be on the provided space (Risvik et al. 1994; Risvik et al.
1997).
Projective mapping has been reported to be a simple methodology, which can be performed
by trained assessors or consumers (Valentin et al. 2012; Varela and Ares 2012). It has been
applied to a wide range of food products such as chocolate (Risvik et al. 1994), ewe milk
cheeses (Barcenas et al. 2004), wine (Pagés 2005; Perrin et al. 2008; Ross et al. 2012),
apples (Nestrud and Lawless 2010d), milk desserts (Ares et al. 2010a), fish nuggets (Albert
et al. 2011) and powdered drinks (Ares et al. 2011).
It is necessary to ensure that both valid and reproducible information is provided by

projective mapping before it can be established as a standard methodology for sensory
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characterization with consumers. If validity is taken to mean that projective mapping provides
sensory characterizations similar to those from Descriptive analysis with trained assessors,
then it has been already established by several authors (Louw et al. 2013, Risvik et al. 1997;
Pages 2005; Perrin et al. 2008).

Reproducibility of projective mapping has been less explored in the literature and one of the
guestions that arises when implementing projective mapping for sensory characterization is
whether the task should be replicated or not (Hopfer and Heymann 2013). Projective
mapping can be regarded as a reproducible methodology if it provides similar results when
executed under identical conditions in different sessions separated in time (Yu 2005). In the
great majority of studies using projective mapping assessors complete the task only once
(Albert et al. 2011; Ares et al. 2010; Ares et al. 2011; Dehlholm et al. 2012a; Kennedy and
Heymann 2009; King et al. 1998; Nestrud and Lawless 2008; 2010; Pagés 2005; Pageés et al.
2010; Perrin et al. 2008). In some studies the reproducibility of projective mapping has been
evaluated using a blind duplicate sample within the same session (Moussaoiu and Varela
2010; Nestrud and Lawless 2008; 2010; Veinand et al. 2011). Only few studies have
reported repeated evaluations of projective mapping (Barcenas et al. 2004; Hopfer and
Heymann 2013; Kennedy 2010; Perrin and Pagés 2009; Risvik et al. 1994; 1997). At the
individual level, Kennedy (2010) and Risvik et al. (1994; 1997) have reported low
reproducibility which have been attributed to changes in consumer arrangement criteria. In
particular, Kennedy (2010) reported that most consumers showed an RV coefficient lower
than 0.5 for three replicated sample configurations of granola bars. However, at the
aggregate level most studies have shown that consensus sample configurations and
conclusions regarding overall similarities and dissimilarities among the samples are very
similar across replicates (Hopfer and Heymann 2013; Kennedy 2010; Perrin and Pages
2009; Risvik et al. 1994; 1997). Barcenas et al. (2004) reported some changes in sample

configurations from triplicate evaluations of ewes milk cheeses. However, the authors could
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not explain if these differences were due to changes in assessors' perception or to changes
in processing conditions which modified the sensory characteristics of the samples.

Considering that in many situations it is not practical to recruit consumers for replicate
evaluations, the reproducibility of projective mapping in consumer studies deserves further
exploration to ensure that reliable information can be gathered without the use of replicates.
In this context, the aim of the present work was to evaluate global and individual
reproducibility of projective mapping with consumers and to assess how they would be

affected by the degree of differences among samples.

MATERIALS AND METHODS
Six consumer studies were conducted using a test—retest paradigm to assess individual and
global reproducibility of projective mapping. In each study, responses from the same group of
respondents to the same sample set in two different sessions were compared. Studies 1 and
2 required consumers to evaluate crackers in two sessions separated 48 hours, while in
Studies 3-6 consumers evaluated vanilla milk desserts in two sessions held 2 weeks apart.
In both cases the time between replicates was enough to assure that participants would not
remember their responses from the previous session. Different times between replicates

were considered to provide greater robustness to the findings.

Studies 1 and 2

Samples

Sixteen commercial brands of plain crackers (named A-P), available in the Argentinean
market were evaluated. Two sets of 8 plain crackers were considered with varying degree of
difference among samples: one set with large differences among 4 salted - 1 to L - and 4
unsalted - M to P - crackers (Study 1), and a second one with smaller differences among

samples, using salted plain crackers only - A to H - (Study 2).
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Participants

One hundred and eighty participants were recruited among students and workers of the
Facultad de Bromatologia of Universidad Nacional de Entre Rios (Gualeguaychu, Argentina).
Their ages ranged from 16 to 63 years and 73% were female. Consumers were randomly
divided into 2 groups: 89 consumers participated in Study 1, while 91 consumers participated
in Study 2. Consumers evaluated the sample set of each study in two separate sessions, 48

hours apart. They signed an informed consent agreement.

Data collection

For each study, consumers evaluated eight samples using a projective mapping task
followed by a description phase in each session. Consumers were asked to try the eight
samples and to place them on an A3 white sheet (42 x 30 cm), according to their similarities
or dissimilarities (similar samples should be located close, while different samples should be
located far from each other). They were explained that they had to complete the task
according to their own criteria and that there was no right or wrong answers. After positioning
the samples consumers were asked to provide a description of the samples. Testing took
place in a sensory laboratory in individual sensory booths, designed in accordance with 1ISO
8589 (1988). Artificial daylight, constant temperature (22°C) and air circulation were

controlled. Still mineral water was available for rinsing.

Studies 3to 6

Samples
Eight samples of vanilla milk desserts were prepared for each study varying in degree and
type of differences among samples. Samples in Study 3 (hamed Al - A8) and Study 5

(named C1 - C8) only differed in flavor, while samples of Study 4 (hamed B1 — B8) and 6
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(named D1 — D8) presented both flavor and texture differences. Additionally, based on
sample formulations, Studies 3 and 4 involved the evaluation of samples with large
differences among them, while in Studies 5 and 6 differences among samples can be
regarded as small. The formulation of the milk desserts is shown in Table 1 of the
supplementary material section.

Desserts were prepared by mixing the solid ingredients with water and poured into a
Thermomix TM 31 (Vorwerk Mexico S. de R.L. de C.V., México D.F., México). The
dispersion was heated at 90°C for 5 min under strong agitation (1100 rpm). The desserts
were placed in closed glass containers, cooled to room temperature (25°C) and then stored

refrigerated (4-5°C) for 24 h prior to their evaluation.

Participants

Four different groups of consumers were recruited among students and workers of the
Facultad de Quimica of the Universidad de la Republica (Montevideo, Uruguay). Participants
ranged in age from 20 to 50 years old and approximately 60% were female. Two groups of
48 consumers participated in Studies 3 and 4, while Studies 5 and 6 were carried out with
two groups of 42 consumers. In each study, consumers participated in two separate
sessions, 14 days apart. They signed an informed consent agreement and were given a

small present for their participation.

Data collection

For each of the four studies (Studies 3-6), consumers evaluated eight samples of each set
using a projective mapping task followed by a description phase in each session. Consumers
received 15g of each vanilla milk dessert coded with 3-digit random numbers at 10°C in
plastic containers and a spoon. Mineral still water was available for rinsing between samples.

Participants were asked to try the samples and to place them on an A3 white sheet (42 x 30
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cm), according to their similarities or dissimilarities. Testing took place in a sensory
laboratory in standard sensory booths that was designed in accordance with 1ISO 8589

(1988), under artificial daylight, temperature control (22°C) and air circulation was controlled.

Data analysis

For each consumer map, the X and Y coordinates of each sample were determined,
considering the left bottom corner of the sheet as the origin of coordinates. The X and Y
coordinates for each session and sample set were analysed using Multiple Factor Analysis
(MFA) (Pagés 2005). Confidence ellipses were constructed as suggested by Dehlholm, et al.
(2012b).The stability of sample configurations from each session was evaluated using a
bootstrapping resampling approach. According to Blancher et al. (2012), sample
configurations can be regarded as stable if simulated repeated experiments provide similar
results than those obtained with the original dataset. In the present work, the bootstrapping
process consisted of obtaining 1000 subsets of size equal to the total number of consumers
using random sampling with replacement. For each subset sample configurations were
obtained using MFA and agreement between each of these configurations and the reference
configuration (obtained with all the consumers who participated in the study) was evaluated
by computing the RV coefficient (Abdi 2010). Average values and standard deviations over
the RV coefficients were calculated. The RV coefficient has been used as a tool to assess
the global similarity between two factorial configurations of the same products (Faye et al.
2004; de Saldamando et al. 2013). This coefficient takes the value of O if the configurations
are uncorrelated and the value of 1 if the configurations are homothetic. It depends on the
relative position of the points in the configuration and therefore is independent of rotation and
translation (Robert and Escoufier 1976).

The similarities among the sample configurations over all assessors and sessions were
evaluated with the RV coefficient. Also, RV coefficients of individual sample configurations

between sessions were calculated as a measure of individual reproducibility. The
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significance of the RV coefficient was tested using a permutation test, as suggested by Josse
et al. (2008). If the RV coefficient between two sample configurations is significant, it can be
concluded that they are correlated and therefore information about the similarities and
differences among samples is similar.

The words elicited by consumers in the description phase were qualitatively analyzed. Words
with similar meaning were grouped into categories and their frequency of mention was
determined by counting the number of consumers who elicited words within each category.
Terms mentioned by at least 5% of the consumers were retained for further analysis
(Symoneaux et al. 2012). In each session, consensual terms were identified using the
methodology proposed by Kostov et al. (2013). Consensual terms were identified as those
for which the p-value, computed as the proportion of random subsets, selected following a
bootstrap methodology, having a within-inertia smaller or equal to the observed inertia, was
smaller than 0.10. Multiple factor analysis for contingency tables (MFACT) was applied on
the frequency table of each session to obtain a representation of terms (Bécue-Bertaut and
Pagés 2004). In this analysis only the terms used by consumers in both sessions were
considered.

All statistical analyses were performed with R language (R Development Core Team 2007)

using FactoMineR (Lé et al.2008) and SensoMineR (L& and Husson 2008).

RESULTS

Global reproducibility

No differences were observed in the percentage of inertia explained by the first and second
dimensions of the MFA between sessions (Figures 1 and 2). Average RV coefficient across
simulations from the bootstrapping resampling approach did not vary between sessions,
suggesting that duplicate evaluation did not increase the stability of sample configurations

(Table 1). As expected, average RV coefficient increased with the size of difference among
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samples, i.e. it was higher for the studies with large differences among samples than for
studies with small differences among samples. Besides, the stability of sample configurations
for the studies which included samples with flavor and texture differences was higher than

that of the studies which only included flavor differences (Table 1).

- Please insert Table 1 around here-

At the aggregate level the RV coefficient of sample configurations from different sessions
was higher than 0.75 (Table 2), providing evidence for the global reproducibility of projective
mapping. As expected, global reproducibility increased with the size of differences among
samples, as denoted by the increase in RV coefficient of sample configurations between
sessions. Besides, when small differences among samples were considered, consumers
were more reproducible when evaluating samples with texture and flavor differences. As
shown in Table 2, the RV coefficient of sample configurations was higher for Study 6 than for

Study 5.

- Please insert Table 2 around here-

Despite the high similarity in sample configurations between sessions, some differences in
conclusions regarding similarities and differences among samples were identified in some of
the studies. Although the RV coefficient of sample configurations between sessions for Study
1 was 0.96, the position of sample | clearly differed (Figure 1(a)). In the first session, sample
| was located in a distinct position in the first and second dimensions of the MFA, whereas in
the second session it was regarded as largely similar to samples L and J (their confidence
ellipses overlapped). A similar difference was observed in the position of sample H in Study 2
(Figure 1(b)). Studies 4 and 6 showed highly similar sample configurations in both sessions

(Figures 2(b) and 2(d)), with no differences in relation to the confidence ellipses that

10
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overlapped. The fact that samples differed in texture could have helped consumers to locate
samples more easily and more reproducibly. In Studies 3 and 5 several differences can be
identified in the relative positioning of the samples and consequently in the conclusions

regarding similarities and differences among samples (Figures 2(a) and 2(c)).

- Please insert Figure 1 around here-

- Please insert Figure 2 around here —

Consumer descriptions

As shown in Table 3, for the six studies the number of terms used for describing samples in
the description phase of projective mapping was similar for session 1 and 2 and the majority
of the terms were used in both sessions. This provides preliminary evidence of the stability of
consumer descriptions. The terms used in both sessions of the six studies for describing
samples are shown in Table 2 of the supplementary material section.

For each study, consensual terms for a significance level of p<0.10 were determined
following the methodology proposed by Kostov et al. (2013). For all the studies the number of
consensual terms was markedly lower than the total number of terms used for describing
samples (Table 3). It is interesting to note that for Studies 3-6, the number of consensual
terms was higher for the second session than for the first session. Besides, the number of
consensual words tended to increase with the size of difference among samples.

The majority of the consensual terms identified in the first session were also consensual in
the second session. For example, 6 of the 8 consensual terms identified in the first session
of Study 3 were also consensual in the second session (Caramel flavour, Consistent, Not
much flavour intensity, Not very sweet, Vanilla flavour, and Very sweet) (Table 2 of the

supplementary material section). On the other hand, none of the consensual terms identified

11
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in the first session of Study 5 were consensual in the second session, which could be related

to the fact that samples had small flavor differences.

- Please insert Table 3 around here-

MFACT allows the visualization of the descriptors used by consumers to describe samples in
the two sessions of the 6 studies (Figure 3). ldentical terms are connected with a line to
indicate the size of the difference in how the term was used between the sessions. The terms
used for describing samples differed in their reproducibility. Some of the terms were used in
a markedly similar way in both sessions, being located close to each other in the first and
second session. In general, the most stable terms were those which described the main
sensory differences among samples. For example, in Study 1 the terms Salty, No salt,
Toasted, Burnt, Not toasted, and Crunchy were highly reproducible (Figure 3(a)). Something
similar was observed in Study 6 with the terms Liquid, Runny, Consistent, Thick, Viscous,
Creamy, Sweet and Very sweet (Figure 3(f)).

On the other hand, terms describing complex sensory properties or characteristics of the
desserts that did not vary among samples tended to be less stable. For example, in Study 3,
which included samples with flavor differences but with the same texture, the terms
Consistent, Creamy and Smooth were unstable, together with complex flavor attributes as
Aftertaste, Cookie and Milky flavor (Figure 3(c)) The rest of the terms, particularly those
related to flavor differences (e.g. Caramel flavor, Vanilla flavor, Very Sweet, Sweet, Not
sweet, and Not very sweet), were located close to each other, suggesting high reproducibility
in how consumers described samples across sessions. Similarly, the least reproducible
terms in Study 5 were mainly related to texture characteristics which did not differ across
samples (Smooth, Thick) and complex flavor terms (Artificial flavor, Tasty) (Figure 3(e)). The
reproducibility of the terms depended on the size of difference among samples. Consumers

tended to be more reproducible when describing samples with large differences (Figure 3(a),

12
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3(c) and 3(d)) than when describing sample sets with small differences (Figure 3(b), 3(e) and
3(f)). Besides, in the milk dessert experiments (studies 3-6) consumers were more
reproducible in describing samples with texture and flavor differences than samples that only

differed in their flavor characteristics (c.f. Figures 3(c), (d), (e) and (f)).

- Please insert Figure 3 around here-

The terms that were consensual in both sessions tended to be highly reproducible between
sessions (Figure 3), suggesting that the terms that were used similarly by consumers were
also used in the same way over sessions. However, it is interesting to note that the most
reproducible terms were not necessarily consensual in both sessions. Many terms that were
used in a highly reliable way in both sessions were not consensual in any of the sessions.
For example, as shown in Figure 3(a) the term No salt was reliably used in Study 1 but was
not consensual in any of the sessions. On the contrary, the terms Toasted flavor and Bitter
were among the least reproducible while they were consensual in one of the sessions.

The RV coefficients between the frequency tables of both sessions tended to be high,
reaching values higher than 0.80 (Table 3). These results suggest that although some of the
terms were not reliably used between sessions, descriptions obtained in both sessions
provided similar information regarding similarities and differences among samples. As
expected, RV coefficient between the frequency tables of consumer descriptions increased
with the size of differences among samples, reaching values higher than 0.94 for the studies

which included large differences among samples (Table 3).

Consumer individual reproducibility
Although global reproducibility was high, consumer individual reproducibility tended to be low
(Table 2). The RV coefficients of individual sample configurations between sessions ranged

from 0.001 to 0.975, indicating large differences among consumers' performance. However,
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average consumer reproducibility was low, as well as the percentage of consumers whose
configurations were significantly correlated. For 4 out of the 6 studies less than 50% of the
consumers sample configurations were significantly correlated.

As expected, consumer individual reproducibility markedly increased with the size of the
differences among samples. For example, average RV coefficient of individual configurations
was 0.52 for milk dessert samples with large flavor differences (Study 3) and 0.26 for
samples with small flavor differences (Study 5). Additionally, in these studies the
percentages of consumers whose configurations were significantly correlated between

sessions were 54% and 18%, respectively (Table 2).

DISCUSSION
The present work evaluated global and individual reproducibility of projective mapping for
sensory characterization with consumers using samples sets that differed in the size of
difference among samples. Across the six studies, the RV coefficients of sample
configurations between sessions were higher than 0.75. The minimum RV value that has
been considered as indicator of good agreement between sample configurations ranges from
0.65 to 0.85 (Abdi et al. 2007; Faye et al. 2004; Kennedy 2010; Lawless and Glatter 1990;
Lelievre et al. 2008). Considering these values it can be concluded that in the present study
sample configurations were relatively stable across sessions and that in the six studies test-
retest reproducibility of projective mapping with consumers proved to be relatively high.
These results are in agreement with several authors that reported that consensus sample
configurations from projective mapping with trained and untrained assessors were stable
across sessions (Hopfer and Heymann 2013; Kennedy 2010; Perrin and Pagés 2009; Risvik
et al. 1994; 1997). High reproducibility of consumer-based sensory characterization has also
been reported for other methodologies like sorting tasks (Cartier et al. 2006; Chollet et al.

2011; Lawless and Glatter 1990) and check-all-that-apply questions (Jaeger et al. 2013).
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Despite the fact that RV coefficients were higher than 0.75, some differences in conclusions
regarding similarities and differences among samples were identified between replicates,
particularly for studies which involved samples with small differences. A similar result has
been reported by Barcenas et al. (2004) when working with ewes’ milk cheeses. These
authors reported that the relative position of two samples changed across replicates,
modifying conclusions regarding their similarities and differences with the rest of the sample
set. On the contrary, Kennedy (2010) and Hopfer and Heymann (2013) reported that overall
similarities and dissimilarities among the samples were stable over the triplicate evaluation.
Results from the present work suggest that for sample sets with small differences care must
be taken when drawing conclusions from sample configurations obtained using projective
mapping with consumers without the use of replicates. Further research is necessary to
determine if replicated projective mapping is necessary prior to the design of the study.

In the present work the majority of the terms elicited to describe samples in the description
phase of projective mapping were used in a similar way in both sessions (Figure 3). Overall,
the terms responsible for the main differences in the sensory characteristics of the samples
were highly reproducible, while terms related to complex sensory attributes or characteristics
that did not differ among samples tended to be not reproducible. This suggests that
consumer descriptions in projective mapping tasks should be taken with care, particularly
when evaluating samples with small differences. Although open-ended questions have been
considered as an alternative method for sensory characterization with consumers (Ares et
al., 2010b; Symoneaux et al., 2012), results from the present work show that consumers are
not reproducible when using many terms. This would suggest the need to check the reliability
of the terms for concluding on the main sensory characteristics responsible for similarities
and differences among samples.

Methodologies which enable the selection of reliable terms would be useful to improve the
interpretation of sensory spaces obtained from the application of holistic methodologies with

consumers. Kostov et al (2013) proposed the identification of consensual terms for selecting
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the most reliable terms elicited in free description tasks. In the present work this methodology
was nhot able to predict the reproducibility of the terms. Although consensual words in both
sessions were used in a reproducible way, there were many terms that were not consensual
but reproducible, as well as terms that were consensual in one of the sessions but were not
reproducible. Thus, further research is needed to improve the interpretation of consumer
responses to free description tasks.

Although global reproducibility was high, consumer individual reproducibility tended to be low
in the six studies (Table 2). The average RV coefficients between sample configurations of
the two sessions were lower than 0.55, while the percentage of consumers with significant
RV coefficient between sessions was lower than 54%. This result is in agreement with Risvik
et al. (1994; 1997), Barcenas et al. (2004), Hopfer and Heymann (2013) and Kennedy
(2010). In particular, this last author reported that 10 out of 15 consumers had RV coefficient
between replications lower than 0.5. Similar results have been reported for check-all-that-
apply (CATA) questions for sensory characterization. Jaeger et al. (2013) reported that
despite the fact that global reproducibility of CATA questions was high, consumer individual
reproducibility tended to be low. This suggests that differences in individual performances
between sessions tend to compensate among consumers, Yyielding stable consensus
configurations.

The low RV coefficients between individual sample configurations can be attributed to
differences in consumers' criteria for placing the samples, particularly due to training and
familiarization with projective mapping and the sample set. In this sense, Kennedy (2010)
reported that the internal consistency and agreement of untrained consumers when using
projective mapping increased over triplicate evaluations. In the present work the percentage
of variance explained by the first and second dimensions of the MFA and the stability of
sample configurations (as evaluated through a resampling bootstrapping approach) did not
increase with duplicate evaluation. However, the number of consensual terms tended to be

larger in the second session than in the first one, which suggests that familiarization with the
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sensory space can improve consumer performance in descriptive tasks. Therefore,
considering these results it would be interesting to study if familiarization with projective
mapping and/or with the sample set increases assessor reproducibility when using projective
mapping for sensory characterization, particularly considering that some consumers can find
this methodology difficult to apply (Nestrud and Lawless 2008; Veinand et al. 2011). Several
authors have included a short introduction or training prior to the projective mapping task
(Barcenas et al. 2004; Carrillo et al. 2012; Hopfer and Heymann 2013; Risvik et al. 1994;
1997; Veinand et al. 2011), which can contribute to improve consumers' performance.

Global and individual reproducibility of projective mapping increased with the size of
differences among samples. This observation, together with the fact that conclusions
regarding similarities and differences among samples were not stable in some cases,
indicates the need to define stability indices for sample configurations. These indices could
be useful to decide whether or not to replicate projective mapping in order to ensure that
conclusions regarding similarities and differences among samples would be repeatedly
identified. Further research is necessary to determine if increasing the number of consumers
can be an alternative approach to replicated evaluations for the stabilization of sample
configurations. This is an interesting idea to explore considering that in many situations it is
not practical to get the same consumers to repeat the study.

Studying the stability of sample configurations by sub-sampling using bootstrapping
approaches could be an interesting approach and can contribute to development of
guidelines for practitioners. In the present study the stability of sample configurations was
studied using simulated repeated experiments by sampling repeatedly from the population of
interest, as proposed by Faye et al. (2006) and Blancher et al. (2012) for sorting tasks. As
shown in Tables 1 and 2, there was a good agreement between the stability and
reproducibility of sample configurations. The studies which showed average RV coefficients
across replications higher than 0.95 (studies 1, 3, 4 and 6) were highly reproducible,

reaching RV coefficients between replicates higher than 0.90. These results suggest the
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need to further study the relationship between the stability and reproducibility of sample
configurations from projective mapping. This type of research can contribute to the definition
of threshold for deciding if results from projective mapping are reliable and whether or not
replication is needed. When the stability of sample configuration is found to be low,
replication of the study would be recommended to check that similarities and differences
among samples remain when repeating the whole study. When replicating projective
mapping tasks, conclusions should be drawn from consensus sample configurations across
replicates from Hierarchical Multiple Factor Analysis (Le Dien and Pagés 2003). This
methodology is an extension of MFA and balances the relevance of groups of variables with
different hierarchy and provides an overall result. In the context of replicated projective
mapping tasks HMFA provides consensus sample configurations after balancing data from

each separate session.

CONCLUSIONS

Results from the present work showed that although most consumers were only slightly
reproducible, global configurations from projective mapping were reasonably stable across
sessions. Descriptions of samples were used in a similar way in both sessions, the terms
responsible for the main differences were highly reproducible, while complex sensory
attributes or characteristics that did not differ among samples tended to be not reproducible.

The degree (large or small) and type (flavor or flavor and texture) of difference among
samples had a strong influence on both global and individual reproducibility of projective
mapping, suggesting that care must be taken when relying on results of projective mapping
with consumers obtained without the use of replicates. In this sense, the use of indices that
evaluate the stability of sample configurations can contribute to decide whether or not a
replication is needed. In the present work the stability index calculated using a boostrapping
resampling approach was strongly related to consumer global reproducibility. Research in

this area could contribute to the selection of criteria for evaluating the reliability of sensory
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characterization with consumers and to define the need of using replicates with trained,
semi-trained and untrained assessors. Besides, further research on the reproducibility of
projective mapping when working with samples sets of different complexity can help to

decide if replicated projective mapping is necessary prior to the design of the experiment.
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FIGURE CAPTIONS

FIGURE 1. SAMPLE REPRESENTATION ON THE FIRST AND SECOND DIMENSIONS OF
MULTIPLE FACTOR ANALYSIS PERFORMED ON DATA FROM THE TWO SESSIONS
CONSIDERED IN: (A) STUDY 1 (SALTED -1 TO L- AND UNSALTED PLAIN CRACKERS -M
TO P-) AND (B) STUDY 2 (SALTED CRACKERS -A TO H-). CONFIDENCE ELLIPSES

AROUND SAMPLES WERE CREATED USING PARAMETRIC BOOTSTRAPPING.

FIGURE 2. SAMPLE REPRESENTATION ON THE FIRST AND SECOND DIMENSIONS OF
MULTIPLE FACTOR ANALYSIS PERFORMED ON DATA FROM THE TWO SESSIONS
CONSIDERED IN: (A) STUDY 3 (LARGE FLAVOUR DIFFERENCES), (B) STUDY 4
(LARGE FLAVOUR AND TEXTURE DIFFERENCES), (C) 5 (SMALL FLAVOUR
DIFFERENCES), AND (D) 6 (SMALL FLAVOUR AND TEXTURE DIFFERENCES).
CONFIDENCE ELLIPSES AROUND SAMPLES WERE CREATED USING PARAMETRIC

BOOTSTRAPPING.

FIGURE 3. REPRESENTATION OF THE TERMS USED BY CONSUMERS TO DESCRIBE
THE SAMPLES, ON THE FIRST AND SECOND DIMENSIONS OF THE MULTIPLE
FACTOR ANALYSIS FOR THE CONTINGENCY TABLES PERFORMED ON DATA FROM
THE TWO SESSIONS CONSIDERED IN: (A) STUDY  (PLAIN CRACKERS, LARGE
DIFFERENCES), (B) 2 (PLAIN CRACKERS, SMALL DIFFERENCES), (C) 3 (MILK
DESSERTS, LARGE FLAVOUR DIFFERENCES), (D) 4 (MILK DESSERTS, LARGE
FLAVOUR AND TEXTURE DIFFERENCES), (E) 5 (MILK DESSERTS, SMALL FLAVOUR
DIFFERENCES), AND (F) 6 (MILK DESSERTS, SMALL FLAVOUR AND TEXTURE
DIFFERENCES).. TERMS USED IN THE FIRST SESSION ARE INDICATED USING GREY
DIAMONDS AND ITALIC LETTERS, WHILE TERMS USED IN THE SECOND SESSION

ARE INDICATED USING BLACK DIAMONDS AND REGULAR LETTERS. TERMS
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659

HIGHLIGHTED IN BLACK WERE CONSENSUAL FOR P<0.10 (KOSTOV ET AL. 2013).

IDENTICAL TERMS ARE CONNECTED WITH A LINE TO INDICATE THE SIZE OF THE

DIFFERENCE IN HOW THE TERM WAS USED BETWEEN THE SESSIONS
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660 TABLES

661

662 TABLE 1. AVERAGE RV COEFFICIENT OF SAMPLE CONFIGURATION ACROSS

663  SIMULATIONS OBTAINED VIA A BOOTSTRAPPING RESAMPLING APPROACH FOR

664 THE SIX CONSUMER STUDIES.

Average RV coefficient across simulations

Study ] ]
Session 1 Session 2 Average

1* 0.967 0.970 0.969
2% 0.812 0.826 0.819
3*a 0.980 0.980 0.980
4xb 0.983 0.987 0.985
5** a 0.946 0.942 0.944
6** P 0.958 0.973 0.966

665
666  * Large differences among samples, ** Small differences among samples, @ samples with flavor

667  differences, ® samples with texture and flavor differences
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TABLE 2. ESTIMATION OF GLOBAL AND INDIVIDUAL REPRODUCIBILITY OF PROJECTIVE MAPPING IN THE SIX CONSUMER STUDIES,

USING THE RV COEFFICIENT BETWEEN SAMPLE CONFIGURATIONS OF THE TWO EVALUATION SESSIONS.

Global RV

Consumer individual reproducibility (#)

Percentage of

Intersession  Number of Number of coefficient Minimum — Maximum  Average consumers with
Study interval consumers Product samples between individual individual individual significant RV
: RV RV RV
sessions ..
coefficient coefficient coefficient Coefficient (p<0.05)
1* 2 days 91 Plain crackers 8 0.960 0.001 0.958 0.422 34%
2%* 2 days 89 Plain crackers 8 0.770 0.001 0.746 0.251 15%
3*a 14 days 48 Vanilla milk 8 0.980 0.009 0.975 0.520 54%
desserts
4+ 14 days 48 Vg”'”a milk 8 0.960 0.015 0.951 0.516 50%
esserts
G+ a 14 days 42 Vanilla milk 8 0.840 0.004 0.972 0.256 18%
desserts
B b 14 days 42 Vanilla milk 8 0.920 0.003 0.968 0.321 15%
desserts

* Large differences among samples, ** Small differences among samples, @ samples with flavor differences, b samples with texture and flavor differences

(#) Individual reproducibility was estimated using the RV coefficient between individual sample configurations between the two sessions.
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TABLE 3. TOTAL NUMBER OF TERMS AND CONSENSUAL TERMS FOR THE DESCRIPTION PHASE OF PROJECTIVE MAPPING FOR THE

TWO SESSIONS OF THE SIX CONSUMER STUDIES.

Total number Number of common Number of Number of common RV coefficient between
Study Session terms between consensual consensual terms X
of terms ; . sessions from MFACT
sesssions terms at p<0.10 between sessions
1 30 13
1* 24 6 0.98
2 26 12
1 35 6
2%% 27 2 0.80
2 28 4
1 29 8
3*2 25 6 0.98
2 37 17
1 31 16
4% b 27 12 0.94
2 35 18
1 20 4
5** a 18 0 0.81
2 27 5
1 27 10
6** b 22 8 0.94
2 26 11

* Large differences among samples, ** Small differences among samples, @ samples with flavor differences, P samples with texture and flavor differences
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