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ABSTRACT

The sequence of the questions asked in sensory testing is crucial and remains a topic of ongoing
debate. This study examines the impact of question order in CATA (Check-All-That-Apply)
analyses combined with hedonic evaluations, comparing two sequences: administering the liking
question before the CATA question versus the reverse order. Conducted across four different
times of the year, the study utilised four distinct panels and matrices of wines: two sets of red
wines with various sweeteners, one set of rosé wines, and one set of white wines. The findings
indicate that placing the CATA analysis before the liking question results in: (i) an enhanced
product differentiation in correspondence analysis, (ii) a reduced number of panellists needed
to achieve a strong dependence between products and attributes, and (iii) a greater number of
significant differences in product liking scores as determined by ANOVA, compared to when the
liking question precedes the CATA analysis.

In summary, our findings show that positioning CATA before the liking question yields more
detailed and discriminative results, at least with wines under our test conditions. This indicates
a need for further research to understand the influence of question order, especially regarding
the dependency between food products and their attributes.
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INTRODUCTION

The position of the liking question when combining hedonic
and descriptive analyses has been and still is a matter of
debate. A few decades ago, Earthy et al. (1997) tested various
questionnaire orders for sensory assessment of chocolate
mousses, asking for preference before rating attributes, or
inversely. Globally, they found no clear difference between
the two questionnaire orders. Moskowitz (2004) stated
that the conception of the questionnaire is a key part when
conducting sensory analysis studies. He described the
potential critics regarding the placing of the liking question:
“If the panellist rates all of the attributes first and only then
rates overall liking, then the critic can argue that the panellist
may be biased from the ratings assigned prior to the overall
rating. If the panellist rates liking first, and subsequently
rates all of the other attributes, then the critic can argue that
the panellist will try to justify the overall rating by having
all other attribute ratings, and especially attribute liking
ratings, confirm the overall rating” (Moskowitz, 2004).
CATA analyses that check the attributes corresponding to
a product have become a popular descriptive method for
sensory analyses with consumers (Ares and Jaeger, 2015).
We looked at recent wine sensory studies and found many
with a set-up starting with the liking question prior to the
CATA characterisation (e.g., Alencar et al., 2019; Hayward
and McSweeney, 2020; Rinaldi et al., 2021), which may have
been influenced by the very pedagogic method paper written
by Ares and Jaeger (2015). Before writing this method paper,
these two scientists co-authored a joint research article in
which the two orders were tested once (Jaeger et al., 2013).
This well-documented article gathers a set of nine studies
carried out over a large range of foods (flavoured water,
savoury dips, fresh fruit, beer, crackers, and tea). The main
objective of this latter article was to test the impact of the
presence of CATA analyses on hedonic ratings, more than
testing the order of CATA and liking questions, which was
tested only once. This was performed in the sub-study with
beer samples, and there was no difference between liking
scores when those were given prior to or after the CATA
questions. The effect of placing hedonic or CATA first was not
really further tested, the impact of hedonic onto CATA being
mainly tested by comparing ‘hedonic only’ with ‘hedonic
followed by CATA’ (Jaeger and Ares, 2014), without that any
bias could be observed in this study.

This study aimed to formally test the impact of the two
possible orders, ‘liking then CATA’ or inversely ‘CATA then
liking” on correspondence analysis and ANOVA, which are
the main analyses performed with such data sets, and we
tested these with four different panels and sets of wines.

MATERIAL AND METHODS

Questionnaire and data collection

Four different studies were conducted: two studies with a
series of 4 red wines, one study with a series of 4 rosé wines,
and one study with a series of 4 white wines (see Data S1 for

further details). For each study, nine attributes were chosen
from a list generated by a subset of the same panellists with
the same wine samples, a few days before the test with
the full panel (see Data S2 for further details). We chose a
restricted number of attributes, following examples of a
recent study by Jaeger et al. (2023). In all studies, between-
subjects experimental designs were used. The questionnaire
and data acquisition were performed with FIZZ Nomad v2.7
(BioSystemes, France). For each study, half of the panellists
gota questionnaire with the liking question first then the CATA
second (see Data S3 for details according to the study), and
half of the panellists got a questionnaire with the CATA first
then the liking question second. The allocation of panellists
to one question order was randomised upon their arrival, and
the data acquisition was performed in a single tasting session.
FIZZ generated random serving orders of the various wines,
all coded with three-digit numbers. The volume of wine per
serve and panellist was 20 mL, at 16 °C, monadically served
in standard ISO wine glasses. The questionnaires/answers
were presented/collected using the panellist mobile phones.
In the CATA questionnaires, the attributes were randomly
presented to each panellist. In all studies, at the start of each
session, panellists provided informed consent and were told
that their identities would remain anonymous. All panellists
were recruited among AgroToulouse students in studies
1 to 3, with 64 % participating in all 3 studies, and among
students and staff of the Bordeaux Sciences Agro in study
4. All panellist details are given in the following paragraphs
and the associated supplemental data.

Study 1

It was conducted in October 2023 with 81 panellists (54 %
female — 46 % male, 23 £ 2 years old) in Toulouse, France (see
Data S2 for further details). The red wine was edulcorated
with a commercial sweetener, PureVia® (Merisant, France),
mainly composed of erythritol, at four dosages in g/L: 0
(named CONTROL), 10 (named PLUS10), 20 (named
PLUS20) and 30 (named PLUS30). Note that erythritol is not
authorised by the French wine regulatory system, and was
just tested for research purposes.

Study 2

It was conducted in November 2023 with 103 panellists
(56 % female — 44 % male, 23 + 2 years old) in Toulouse,
France (see Data S2 for further details). The red wine was
edulcorated with a pure component of commercial sweeteners,
rebaudioside-A-98 (Stevia Natura, France), at four dosages
in mg/L: 0 (named CONTROL), 20 (named PLUS20), 40
(named PLUS40) and 60 (named PLUS60). Note that stevia
glucosides are not authorised by the French wine regulatory
system, and were just tested for research purposes.

Study 3

It was conducted in December 2023 with 101 panellists
(60 % female — 40 % male, 23 + 5 years old) in Toulouse,
France (see Data S2 for further details). The rosé¢ wines were
two different blends, named Rosel and Rose2, each wine
was presented twice, named Roselbis and Rose2bis, to reach
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a total of 4 samples per questionnaire as in the two previous
studies (see Data S1 for further details).

Study 4

It was conducted in February 2024 with 66 panellists (50 %
female — 50 % male, 32 + 12 years old) in Bordeaux, France
(see Data S2 for further details). Four different white wines
were presented, the same vintage, named according to
their cultivar of origin (Muscat, Chardonnay, Riesling and
Sauvignon) and different regions of origin (see Data S1
for further details). To assist the panellists in their choice
of attributes, a slide showing associations of attributes and
images was presented during the tasting session (see Data S4
for further details). A set of attributes was dedicated to plant
aromas and we followed the methodology of the Bordeaux
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team, which illustrates the different attributes with images
during tasting to limit the response variability.

Data analysis

All data were analysed with R software (R Core Team,
2024) using scripts developed previously (Nougarede et al.,
2023; Beaulieu et al., 2022). All datasets and new versions
of the scripts generated and used in the four studies of the
present article are provided in Data S5. CATA citation scores
were analysed by correspondence analyses, the dependence
between attributes and wines, as a function of the panellist
number was tested by a Chi-square test of independence,
and the liking scores were analysed by two-way ANOVAs
(panellist x product). Additionally, the liking scores were
analysed by two-way ANOVAs (product x order), see Data
Ss.
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FIGURE 1. Results of the first study with red wine edulcorated with erythritol (e.g., PLUS10 stands for the addition of
10 g/L, see Material & Methods for all details), left panels show “Liking then CATA” results, right panels show “CATA

then liking” results.

[A and D] Correspondence analyses; [B and E] pvalue of the Chi-square test of independence between attributes and wines, as a
function of the panellist number, the black line in the middle of the box is the median; [C and D] means of liking scores as a function
of the wines, error bars represent the standard error of the mean, litle lefters show significant differences calculated with Tukey's test
(p-value < 0.05) following ANOVA; n = 42 panellists and 39 panellists for “Liking then CATA" and "CATA then liking”, respectively.
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RESULTS

In the first study, with red wines edulcorated with erythritol,
the correspondence analysis showed that Liking+CATA led
to a clear dissociation of the sweetest and the least sweet
wines (Figure 1A), without clear dissociation between the
two sweetest (PLUS20 and PLUS30), and between the
least sweet (CONTROL and PLUSI10). The panel which
performed CATA+Liking was able to better differentiate the
CONTROL from the edulcorated wines, and to some extent
differentiated the PLUS30 from the PLUS20 and PLUS10
(Figure 1D), however without differentiating PLUS20 and
PLUS 10. In both graphs, the panellists logically associated
the edulcorated wines with “sweet”, “fruity” and “soft”
attributes. In both graphs (Figure 1A and 1D), the sums of
axis weight were very high, explaining more than 90 %
of the variability. The Chi-square test of independence
between wines and attributes, as a function of the panellist
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number, showed that the median of the p-value reached 0.05
with 21 panellists in the Liking+CATA test (Figure 1B).
This highlights a strong dependence between attributes and
wines, and somehow the robustness of the test, as shown
before (Beaulieu ef al., 2022). All p-values, except outliers,
fell under 0.05 from 30 panellists (Figure 1B). Whereas it
took only 15 panellists to reach 0.05 with the CATA+Liking
(Figure 1E), and all p-values, except outliers, fell under this
threshold from 21 panellists. Finally, the ANOVA and Tukey’s
analyses show that Liking+CATA enabled to differentiate
wines with two statistical classes (a and b) (Figure 1C),
whereas it was possible to differentiate wines with three
statistical classes (a, b and c) with the CATA+Liking test
(Figure 1F). Looking for the attributes leading to the best
liking scores, it is obvious that “sweet”, “soft” and “fruity”
were the preferred ones, comparing Figure 1A to Figure 1C,
and Figure 1D to Figure 1F.
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FIGURE 2. Results of the second study with red wine edulcorated with rebaudioside (e.g., PLUS20 means addition
of 20 mg/L, see Material & Methods for all details), left panels show “Liking then CATA” results, right panels show

“CATA then liking” results.

[A and D] Correspondence analyses; [B and E] pvalue of the Chi-square test of independence between atiributes and wines, as a
function of the panellist number; [C and D] means of liking scores as a function of the wines, litfle lefters show significant differences
calculated with Tukey's test (pvalue < 0.05) following ANOVA; n = 52 panellists and 51 panellists for “Liking then CATA" and “"CATA

then liking”, respectively.
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In the second study, with red wines edulcorated with pure
rebaudioside, the correspondence analysis showed that
Liking+CATA led to clear differentiation of the CONTROL
and the “sweetest” wine (PLUS60), with a logical trend on
horizontal axis from right to left, from “bitter” and “acid”
to “sweet” and “soft” (Figure 2A); however, the confidence
ellipses were quite large, showing some uncertainty that
will be confirmed later. In the CATA+Liking part, the same
trends occurred with a stronger horizontal axis and smaller
confidence ellipses (Figure 1D). The Chi-square analysis
revealed that in the Liking+CATA part, it would have needed
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more than 52 panellists for the p-value to drop under 0.05
(Figure 2B), whereas 40 panellists were sufficient for the
median p-value to reach 0.05 in the CATA+Liking part (Figure
2E). The ANOVA and Tukey’s tests showed a similar trend of
preference for the sweetest wines whatever the questionnaire
order, but no significant difference was outlined (Figure 2C
and 2F). Looking for the attributes leading to the best liking
scores, “sweet”, “soft” and “fruity” were also the preferred
ones, comparing Figure 2A to Figure 2C, and Figure 2D to
Figure 2F, showing some consistency between the panels of
studies 1 and 2, performed with similar red wines.
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FIGURE 3. Results of the third study with two blends of rosé wines (e.g., ROSE1 and ROSE1bis stand for ROSE1
presented twice, see Material & Methods for all details), left panels show “Liking then CATA” results, right panels

show “CATA then liking” results.

[A and D] Correspondence analyses; [B and E] pvalue of the Chisquare test of independence between affributes and wines, as a
function of the panellist number; [C and D] means of liking scores as a function of the wines, litlle letters show significant differences
calculated with Tukey's fest [p-value < 0.05) following ANOVA; n = 50 panellists and 51 panellists for “Liking then CATA” and "CATA

then liking”, respectively.

A third study was conducted with very similar rosé¢ wines,
differing only by a small percent of fruity/aromatic/sweet
wine added in the ROSE1 blend. The correspondence
analysis showed the uncertainty of the panellists with
rather large confidence ellipses in both Liking+CATA and
CATA+Liking parts (Figure 3A and 3D, respectively).

In the case of CATA+Liking the panellists associated logically
similar wines, ROSE1 and ROSE1BIS on the right side of
the horizontal axis, and ROSE2 and ROSE2BIS on the left
side of this axis, but that was not the case with Liking+CATA
panel. The p-value of the Chi-square tests never reached
the 0.05 threshold with 48 panellists (Figure 3B and 3E),

OENO One | By the International Viticulture and Enology Society

2024 | volume 58-3 | 5


https://oeno-one.eu/
https://ives-openscience.eu/

Olivier Geffroy et al.

with a slightly better result in the CATA+Liking test, to the
right of the plot. Finally, both panels preferred the ROSE1
blend, the one with the addition of an aromatic fraction
(Figure 3C, F), but there was a significant difference only in
the CATA+Liking test, considered marginal as ROSE1 and
ROSE2BIS mean scores were not significant (Figure 3F).

Finally, a fourth study was carried out with white wines, from
different cultivars, whose names serve as labels in the graphs
(Figure 4). The correspondence analysis for both panels
gave rather good representations on the first two axes, with
sums of eigenvalues of 84 % in Liking+CATA and 92 % in
CATA+Liking (Figure 4A and 4D, respectively). The four
different wines were well spread out on the graphs, but the
confidence ellipses were larger in Liking+CATA than in
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CATA+Liking showing the uncertainty/variability of the
panel when ticking the attributes. This variability was further
illustrated by the absence of dependence between attributes
and wines in the Liking+CATA panel (Figure 4B) compared
to the robustness of the analyses by the CATA+Liking panel
with a Chi-square p-value of 0.05 with 33 panellists (Figure
4E). Both panels generated similar hedonic analyses with a
preference for the Muscat wine, which obtained significantly
better scores than Chardonnay, using ANOVA and Tukey’s
tests (Figure 4C and 4F). Regarding the attributes leading
to the best liking scores “sweet” and “floral” were the ones
(Figure 4A vs. 4C, Figure 4D vs. 4F). In all studies, the two-
way ANOVAs (product x order) revealed no difference in the
order of the liking score (see Data S5).
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FIGURE 4. Results of the fourth study with four white wines (e.g., Muscat stands for dry Muscat wine, see Material
& Methods for all details), left panels show “Liking then CATA” results, right panels show “CATA then liking” results.
[A and D] Correspondence analyses; [B and E] pvalue of the Chisquare test of independence between attributes and wines, as a

function of the panellist number; [C and D] means of liking scores as a function of the wines, litfle lefters show significant differences
calculated with Tukey's test (pvalue < 0.05) following ANOVA; n = 33 panellists and 33 panellists for “Liking then CATA" and "CATA

then liking”, respectively.
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DISCUSSION

When looking at some statistical indicators, extracted from
the Correspondence Analyses and ANOVAs of the four
studies (Table 1), it is quite obvious that CATA+Liking gave
better results, in green cell backgrounds than Liking+CATA.

The sums of eigenvalues for the first two axes, in the eight
CAs, were rather high (sums ranging from 78.6 % to 97.6 %),
whatever the question order, suggesting that the attributes
were adapted to describe wine differences (van Dam et al.
2021, and refs herein). What is not shown in Table 1 is the
uncertainty/variability outlined by confidence ellipses, which
tended to be larger in Liking+CATA than in CATA+Liking
(see Figure 2A vs. Figure 2D and Figure 4A vs. Figure 4D).

The Chi-square test of independence between attributes and
wines as a function of the panellist number revealed the
largest discrepancy between both orders of asking questions.
One would expect to have a good dependence between
attributes and wines to have a robust analysis (Mahieu et al.,
2020). The p-value of this Chi-square test should then be as
low as possible. Hence it reached 0.05 only one time in the
Liking+CATA studies, when it reached this threshold three
times in the CATA+liking studies. The observations of the
results led to many questions. One of them is: Was there a
sufficient number of panellists? Probably not in the third

study with Rosé wines, which were very similar products,
and it is well known that highlighting tiny differences usually
requires larger samples (Hough ef al., 2006). Whereas in
studies 1, 2 and 4, the p-value of 0.05 was reached in the
CATA+Liking studies, but not in the Liking+CATA studies.
The main question for which we have no answer is: Why
does the way of ordering questions impact the dependence
between wines and attributes? In the particular case of
Liking+CATA, one can say that the panellists may have
ticked the attributes with less “accuracy”, because of what
Moskowitz (2004) wrote: “panellist will try to justify the
overall rating by having all other attribute ratings confirm the
overall rating”. However, this was not a question we targeted
and further research would be needed.

One can argue that our panels were not identical in
Liking+CATA or in CATA+Liking, therefore, it is erroneous
to compare the data. However, we randomly addressed each
panellist entering the tasting room to a questionnaire to be
tested (Liking+CATA or CATA+Liking), and there was very
little chance that panels in four different studies would have
been biased the same way. Moreover, the observation of jury
details did not reveal any strong difference (Data S2). In each
study, both panels were quite similar in age, gender, wine
consumption frequency, and subjective knowledge about
wine: self-estimation as a beginner, amateur or initiated.

TABLE 1. Statistical indicators for the comparison between Liking+CATA and CATA+Liking approaches.

Sum of eigenvalues*

Study 1

Study 2
Liking+CATA

Study 3

Study 4

Study 1

Study 2
CATA+Liking

Study 3

Study 4

Probability to have

no effect***

Number of panelists
to reach 0.05**

e

*sum of the eigenvalues of the first two axes of the correspondence analyses (CA) between wines and affributes (the higher the better)

** 0.05 is the pvalue of the Chisquare fest of independence between wines and affributes as a function of the panelist number in the
CA (the smaller the better), the written value, e.g. “21" means that 21 panelists were necessary to each 0.05, the absence of value
indicates the required number of panelists to reach 0.05 was above the fotal number panelists in this part of the study

* Kk x

measured by ANOVA regarding the effect of wine on the liking score (the smaller the better)

Green backgrounds indicate rather good values, and red backgrounds indlicate rather bad values, regarding the quality of the analysis

CONCLUSION

The use of consumers for descriptive analyses is now well
accepted (Jaeger et al., 2023) and combining such descriptive
analyses with consumer hedonic appreciation has been a
common practice over the last decade (Jaeger et al., 2013;
Jaeger and Ares, 2015; Alencar et al., 2019; Hayward and

McSweeney, 2020; Rinaldi et al., 2021). Our results shed
light on differences that may be due to the order of liking and
CATA questions. In our cases, the CATA+Liking order led
to more discriminant analyses, and this could be addressed
in further studies, particularly how this order can impact the
dependence between food products and attributes.
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