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ABSTRACT

Adapting implicit approaches to capture consumer responses when tasting foods is of recent interest in sensory
and consumer science. Implicit consumer responses are reported to be more spontaneous than explicitly gathered
data. Traditionally, emotional response to foods is captured using explicit methods like check-all-that-apply
(CATA). The present study aimed to compare an implicit response time (IRT) Go/No-go approach with tradi-
tional CATA to profile consumer emotional responses. Participants (n = 104) were consumers of, or willing to
consume, cow’s milk and plant-based milk alternatives (PBMA). Emotional responses for two cow milk and five
PBMA products were evaluated across two sessions using IRT and CATA. The cow milk products were replicated
across the sessions to allow consistency of response across sessions to be evaluated for each method. Data were
collected using a bespoke single page web application (JavaScript, ECMA 2015). Data consistency across sessions
(Spearman correlation (p)), emotion selection frequency (p and generalised linear models) and product
discrimination (linear mixed models and correspondence analysis) were compared across the IRT and CATA
approaches. Results showed high data consistency from both IRT and CATA across the two sessions (p > 0.89).
Emotion selection frequency was also comparable across IRT and CATA. Interestingly, CATA was differentiating
more between cow’s milk products and IRT within the PBMA space. However, further investigations showed that
fewer participants provided different responses in CATA than when under time pressure in the IRT Go/No-go.
Additional investigations on the performance of explicit versus implicit methods, or their combination, are
required across different product matrices to identify the optimum approach to capture consumer product
experience.

1. Introduction

Decision making involves a combination of two cognitive pathways.
One is a conscious pathway, where decisions/choices are made based on

Consumer emotional responses are captured as a part of profiling
holistic product experiences (Ng & Hort, 2015; Nijman et al., 2019;
Spinelli & Monteleone, 2018). Often, these emotional responses are
measured using check-all-that-apply (CATA) lexicons where consumers
are asked to explicitly indicate their decision/choice regarding the
emotions evoked by tasting a particular product (Ng, Chaya, & Hort,
2013), under no time pressure.

slower analytical thinking, revealing explicit responses. The other is a
faster unconscious pathway, which is automatic and implicit (Kahne-
man, 2002). As decisions/choices are a combination of both implicit and
explicit pathways, product experience is not solely explicit (Cervellon,
Dube, & Knauper, 2007). In fact, explicitly gathered consumer responses
are reported to be influenced by self-presentations such as social desir-
ability (Maass, Castelli, & Arcuri, 2000; Matukin & Ohme, 2017; Ohme
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& Boshoff, 2019) and subsequent inconsistencies between reported
consumer responses on lifestyle and their actual experiences or behav-
iours. For example, several earlier studies have shown that some par-
ticipants who self-identify as vegetarians also report that they consume
meat, fish or other animal meat-based products (Gossard & York, 2003;
Perry, McGuire, Neumark-Sztainer, & Story, 2001; Robinson-O’Brien,
Perry, Wall, Story, & Neumark-Sztainer, 2009; Rothgerber, 2014;
Worsley & Skrzypiec, 1998). Further, Berridge & Winkielman (2003)
highlighted the potential of unconscious implicit emotions impacting on
behavior (affective reaction) independently of consumers’ conscious
awareness. For example, preference ratings for Chinese ideographs were
affected by unconsciously presented happy or angry faces (affective
stimuli) (Winkielman, Zajonc, & Schwarz, 1997). Winkielman, Berridge,
& Wilberger (2000), as cited by Berridge & Winkielman (2003), have
shown subliminal exposure to happy faces causing assessors to pour and
consume 50 % more fruit flavoured beverage than for neutral faces and
vice versa for angry faces. Watson, Clark, & Tellegen (1988) showed
increased willingness to pay and wanting to consume a fruit beverage
upon subliminal exposure to happy faces than with angry faces when the
assessors were thirsty. Therefore, explicitly captured emotional re-
sponses, specifically if products are less stimulating, could be influenced
by lack of awareness regarding the emotions experienced during product
evaluation. In fact, it is important to include implicit measures in con-
sumer studies to explore implicit consumer response and to understand
how these compare with explicit response. However, comparative
studies between explicit and implicit emotional responses of consumers
to tasted foods are scarce.

Implicit approaches are widely used in market research to capture
consumer engagement (Ohme & Boshoff, 2019; Soulikhan, Norré, &
Cheikhrouhou, 2021) and attitudes (Matukin & Ohme, 2017). In com-
parison, application of implicit approaches in consumer sensory
research are rare. However, recent developments in interdisciplinary
approaches, such as technologies like artificial intelligence or immersive
environments (Beurteaux, 2023) and neuroscience techniques in mar-
keting (Kemp, Nyambayo, Rogers, Sanderson, & Villarino, 2021; Nied-
ziela & Ambroze, 2021), have created opportunities to adapt methods
from cognitive science (De Houwer & Moors, 2010) to capture consumer
implicit response (Cliceri, Spinelli, Dinnella, Prescott, & Monteleone,
2018; Kraus & Piqueras-Fiszman, 2016; Mai & Hoffmann, 2017; Mai,
Hoffmann, Hoppert, Schwarz, & Rohm, 2015; Werle, Trendel, & Ardito,
2013; Woodward & Treat, 2015) to food. Among the few studies that
have attempted to do so, implicit emotional responses evoked by eval-
uating foods tend to be captured primarily via two approaches, 1)
physiological responses (de Wijk & Noldus, 2021; Lagast, Gellynck,
Schouteten, De Herdt, & De Steur, 2017) such as facial expressions, eye
movement (Kostyra, Wasiak-Zys, Rambuszek, & Waszkiewicz-Robak,
2016) or 2) neurological responses such as brain activity (Horska, Ber-
cik, Krasnodebski, Matysik-Pejas, & Bakayova, 2016). Capturing im-
plicit emotional responses using such approaches are often invasive and
require specialised equipment and hence are undertaken at premium
cost.

Implicit responses are also captured using behavioural measures
such as accuracy and reaction time key press responses (De Houwer, &
Moors, 2010). Reaction times to measures are often applied in psy-
chology as an implicit measure denoting level of association of responses
to stimuli (Fazio, 2001; Fazio, Sanbonmatsu, Powell, & Kardes, 1986;
Greenwald & Banji, 1995; Hermans, Houwer, & Eelen, 1994; Shelton &
Martin, 1992). Implicit reaction times have recently been adopted in
consumer research to capture affective responses. For example, using an
Affective Misattribution Procedure (Payne, Cheng, Govorun, & Stewart,
2005), Pierguidi et al. (2023) measured ‘yes’/ ‘no’ reaction times to
trustworthiness of face images after tasting basic taste solutions, as an
implicit indication of affective responses related to the varying quality
and intensities of the taste solutions. Porcherot et al. (2022) used a 2-
choice procedure and profiled consumer emotional response to per-
fumes where participants were asked to respond as fast as possible to
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indicate whether the emotion appearing as a written word on screen was
evoked by the perfume sample or not whilst software recorded the an-
swers and respective reaction times. What is deemed an implicit
response varies across studies, based on different methods employed.
Porcherot et al. (2022) captured reaction times when researching fra-
grances as those under 3000 mS, longer than the 200 to 2500 mS re-
action time adopted by Pellicer-Sanchez and Schmitt (2012) in a lexical
decision-making task. Pierguidi et al. (2023) used a narrower 250 to
1500 mS range concurring with Hoogeveen, Jolij, ter Horst, and Lorist
(2016). The Go/No-go method, another approach, measures response
time to evaluate performance in paradigms where assessors either select
the stimulus presented if relevant ‘Go’ or otherwise do not respond at all
“No-go (Donders, 1969). Time elapsed from the appearance/occurrence
of the stimuli until responding ‘Go’ is captured as an implicit measure
denoting the congruency of the response to stimuli (Gomez, Ratcliff, &
Perea, 2007; Gavazzi et al., 2023). To date, application of implicit
response time Go/No-go tasks as a measure of consumer emotional
response to tasting foods is not evident in the literature.

Comparative studies between traditional explicit approaches like
CATA with implicit approaches are needed to investigate whether
similar or different information is obtained from each identify the
relative merits of each approach in profiling consumer emotional re-
sponses in different contexts. However, assessor performance and data
formats are key considerations in such comparative studies. Within
assessor reproducibility has been reported for sensory CATA (Jaeger &
Ares, 2023; Jaeger et al., 2013) but no study has investigated this when
using CATA to measure emotional responses. Assessor reproducibility
concerning implicit approaches for measuring emotional responses is
not conclusive. In terms of data formats, CATA produces binary data
indicating whether an emotion was selected (=1) or not (=0) (Ares
et al., 2017), whilst the implicit approach primarily utilise time to
respond’Go’ or ‘No-go’ to a stimuli, and is treated as continuous scale
data (Gomez et al., 2007). In practice, the data formats used in CATA
versus implicit response time are likely to make comparative studies
challenging.

The current study aimed to evaluate the relative merits of using an
Implicit Response Time (IRT) Go/No-go task and traditional CATA for
profiling consumer emotional response when tasting using milk and
plant-based milk alternatives (PBMA) as the food stimulus. More spe-
cifically, the key objectives were to compare the approaches for 1)
assessor emotional response consistency across sessions, 2) emotion
selection frequency, and 3) level of product discrimination, as well as to
determine 4) whether implicit response time provides additional in-
sights beyond binary CATA.

2. Methodology
2.1. Participants

This study was submitted to Massey University’s Human Ethics
process and was judged to be low risk (application ID 4000025636). A
consumer panel was recruited from the Food Experience and Sensory
Testing (Feast) laboratory consumer database, Massey University, New
Zealand. Consumers (n = 105) aged 18 — 65 years, who were willing to
consume cow’s milk and PBMA, not pregnant or lactating and not
allergic to the study products were selected to participate. A gift voucher
was offered to participants to compensate for their time.

2.2. Products

This research was part of a wider project on understanding consumer
response to alternatives to animal products where the shift in diet can
evoke emotional response (Cardello, Llobell, Giacalone, Roigard, &
Jaeger, 2022; Hielkema & Lund, 2021; Michel, Hartmann, & Siegrist,
2021; Michel, Knaapila, Hartmann, & Siegrist, 2021). A comparison
between cow milk and its alternatives was hypothesised to show
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Table 1
Products evaluated in the study.

Product *Product description as shown on packaging
CowHF Anchor™ blue (full cream)

CowLF Anchor™ light (low-fat)

Oat Sanitarium™ So Good Oat No Added Sugar

Soy Alpro® Barista for Professionals Soy

Rice Vitasoy® Rice Milk Unsweetened

Cashew Sanitarium™ So Good Cashew Unsweetened
Almond Sanitarium™ So Good Almond Unsweetened

*All products were ultra-high temperature (UHT) processed, unsweetened and
unflavoured.

Table 2
Emotion/cognitive product conceptualisation lexicon and example statements
given to consumers.

Emotion Term The beverage made me feel...

1 Adventurous Daring, brave, seeking, courageous
2 Bored Uninterested, fed up

3 Cheap Inferior, unworthy

4 Classy Elegant, stylish,

5 Comforted Consoled, reassured, pacified

6 Energised Eager, rejuvenated, invigorated
7 Feminine Womanly, womanlike

8 Genuine Honest, sincere

9 Happy Content, joyful

10 Inspired Enthused, stimulated

11 Irritated Annoyed, aggravated

12 Masculine Manly, macho

13 Modern Contemporary, fashionable

14 Pretentious Showy, hollow, fake

15 Relaxed Tranquil, calm

16 Sensual All my senses are excited

17 Simple Uncomplicated, not overly fussy
18 Sophisticated Superior, advanced, mature

19 Traditional Conventional, customary

20 Uninspired Dull, lacklustre

response differences. Further as New Zealand is a prominent dairy
manufacturer and milk forms a primary component in the diet (Stats-NZ,
2022), such research is very relevant to the New Zealand economy
where the research was funded. Therefore, two cow milks and five
PBMA commercially available in New Zealand (Table 1) were evaluated.

2.3. Emotion measurement

The emotion and cognitive product conceptualisation lexicon used
by Cardello, Llobell, Giacalone, Roigard, and Jaeger (2022) for assess-
ment of PBMA and cow milk with New Zealand consumers was adopted
for this study. Supplementary example statements for each emotion term
(Table 2) were developed using Microsoft 365 thesaurus (version 2212)
and bench testing session with Feast team members. These were used
during the session introduction to aid consumer interpretation of
emotion terms.

Data were collected using iPads with a keyboard attached via a
lightening connector using a bespoke single page web application
(JavaScript, ECMA 2015) developed at Massey University.

2.3.1. CATA approach

Participants tasted a 10 mL sip of product and selected all emotion
terms (Table 2) from an on-screen CATA list that they felt the sample
made them feel. Emotion term order was randomised across participants
according to a balanced William Latin Square design to avoid attribute
position and order related confounding effects and was presented in five
columns. However, term order was fixed within a given participant for
all the product evaluations to avoid frustration associated with terms
moving around and enable higher operational power (Meyners & Cas-
tura, 2016).
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Table 3
Graphics and matching words used in Step 2 — False positive rate testing in the
IRT Go/No-go approach.

Graphics Numbers Objects
Matching Seven, Nine, Five, Two, Tree, Flower, Ball, Heart, Apple
words Four

2.3.2. IRT Go/No-go approach

The IRT Go/No-go approach comprised three steps: Introduction,
false positive rate testing and product evaluation. Introduction and false
positive rate testing were performed once only at the beginning of each
product evaluation session.

Step 1 — Introduction of Go/No-go task: The Go/No-go concept was
introduced to participants here. Participants were instructed to press the
spacebar as soon as possible every time they saw a star symbol (x)
appear on the screen. The symbol appeared ten times with random time
gaps fixed across participants but varying from 400 mS to 1000 mS.
Additionally, a 500 mS break occurred after the space bar was pressed
and before the next appearance of the symbol following Gomez, Ratcliff,
and Perea (2007). At each appearance, the symbol remained on the
screen for 1000 mS. This 1000 mS cut-off time was selected to represent
the maximum time regarded as an implicit response to the onscreen
stimulus throughout this study. This is longer than the minimum of 200
mS (Thompson et al., 1992) to 233 mS (Krieg Jr et al., 2001) simple
reaction time (i.e., where assessors respond as fast as possible to the
occurrence of a stimulus) and less than the maximum cut-off time of
3000 mS used by Porcherot et al. (2022) but was deemed a reasonable
high cut-off in pilot testing. If the space bar was not pressed within 1000
mS an error message appeared on the screen instructing the participant
to press the space bar as soon as possible and continue.

Step 2 — False positive rate testing: This step was used to evaluate
whether participants were paying attention to the task and being
cautious or lax (Kantner & Lindsay, 2012; Wixted, 2020) concerning
when they press the space bar to avoid mistakes or missing a correct
response, and to provide a practice of a Go/No-go approach. A graphic of
either a collection of numbers or objects appeared on the screen with
one of ten words related to those numbers or objects (Table 3).

Participants were instructed to press the space bar (Go) if the word
matched the graphic on screen and do nothing (No-go) if not and wait
for the next word to appear. The words appeared ten times per graphic
(five out of ten were correct matches to the graphic) followed by a
second set with the other graphic. Word presentation order was
balanced across participants.

Step 3 — Product evaluation: Participants were instructed to taste a 10
mL sip of a product and press the space bar to begin. Once pressed,
emotion terms (Table 2) appeared monadically on the screen. Partici-
pants were instructed to press the space bar (Go) if the sample they
tasted made them feel the onscreen and do nothing (No-go) and wait for
the next term if it was not relevant. A 500 mS time gap existed between
pressing the space bar and the next emotion word appearing (Gomez
et al., 2007). If a participant did not press the space bar within 1000 mS
the term remained on screen and automatically forwarded to the next
emotion term. The time to press the space bar was recorded from the
initial appearance of the term. A time of 1000 mS was recorded to
represent ‘No-go” when a participant failed to press the space bar by
1000 mS.
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Emotional response data
presented in this manuscript

Liking IRT Go/No-go
response responses

‘ Palate cleanser

O

10 mLsip Minimum 30 s break

CATA Sensory
responses responses

® X

2 Minimum 60 s break

Fig. 1. Sample evaluation protocol per product. The order of CATA and IRT Go/No-go emotional response tasks was balanced between participants to remove an

order effect.

2.4. Evaluation sessions

Product evaluations were carried out in the Feast lab at Massey
University, New Zealand. Samples (5 + 1 0C) were evaluated in standard
sensory booths (ISO8589:2007(E)) under white lighting at a room
temperature of 21 + 1 °C.

Participants attended two 1.5 h sessions. The two cow milk products
were repeated across both sessions to allow consistency of emotional
response to be investigated. It was hypothesised if inconsistent data
were noticed across sessions, a familiar product would better represent
the session effect than repeated exposure effects (Anzman-Frasca &
Ehrenberg, 2018; Tempere et al., 2019). Given cow milk is a familiar
product for NZ consumers with respect to plant-based beverages, cow
milk samples were replicated across sessions to investigate if a session
effect existed. The remaining five samples were split and evaluated
across the two sessions, meaning participants assessed four or five
samples in a session. Products were served according to a randomised
balanced design across the sessions.

Participants evaluated four 10 mL sips per product (Fig. 1). The first
and fourth sip were for data collection on liking and sensory charac-
teristics as part of a wider research programme. In between they
assessed two 10 mL samples to indicate their emotional response, the
data relevant to this study. Each 10 mL sip was presented in a separate
30 mL cup labelled with a random three-digit code. To minimise
carryover effects, participants were instructed to palate cleanse with
filtered water and a bite of cracker (Arnott’s water cracker original,
Australia) prior to tasting from a cup and to take a forced minimum
break of 30 s after each 10 mL sip evaluation. A forced minimum break
of 60 s was imposed prior to evaluation of each subsequent product. Half
of the participants completed the CATA task first and the other half
completed the IRT Go/No-go task first.

2.5. Data analysis

Statistical analyses were performed using R software, version 4.2.2
(R Core Team, 2022) in RStudio (2022.12.0) with o = 0.05. Package
dplyr (Wickham, Francois, Henry, & Miiller, 2020) was used for data
handling and ggplot?2 for data visualisation. Specific R-packages used
for analyses are detailed under relevant sections below.

2.5.1. Data pre-processing

CATA: Mean citation proportions and observed standard error (SE)
for all CATA emotion terms were calculated for each product.

IRT: Data from IRT Go/No-go step 2 — false positive rate testing was

used to identify if any participants should be removed from the data set
based on false answers given to all the answering attempts.

Step 3 - product evaluation in IRT Go/No-go task creates two types
of data; 1) response time (implicit measure) = time taken to press the
space bar for evoked emotions (continuous data) and 2) Go/No-go
(explicit measure) = indicates whether the space bar was pressed or
not for respective emotion terms (binary data). Both the response time
data and the Go/No-go data formats are analysed here.

To standardise the response time data to account for natural varia-
tion in individual response time (Ratcliff, 1993), a baseline for indi-
vidual response time (iRT) was identified by extracting the minimum
response time from overall evaluations and was used in further analysis
to calculate standardised RT (Std.IRT) for each participant as shown in
Equation (1).

(Implicitresponsetime — minRT)
(1000 — minRT)

Std.IRT = (€D)]
Mean Std.IRT and SE were calculated for each emotion term per
product for further analysis.

2.5.2. Consistency of emotional response across sessions for each approach

To ascertain if emotion responses were consistent across sessions,
Spearman correlation coefficients (p) were calculated between the mean
citation proportions from CATA data collected in sessions 1 and 2 for the
two cow milk samples. Similarly, p was calculated between the mean
Std.IRT of emotion terms from session 1 and 2. To visualise the data,
responses from session 1 were plotted against session 2 for CATA and
IRT data.

2.5.3. Frequency of emotion selection across approaches

Go/No-go data was identified as Go (=1) or No-go (=0) for each
emotion and product. Mean emotion citation proportions of Go/No-go
were calculated and plotted against mean citation proportions of the
CATA data and p was calculated between the frequencies of the CATA
and Go/No-go.

Then, the p was also calculated between CATA citation proportions
versus Std.IRT across all emotions to determine if response time pro-
vided additional information than CATA data. To achieve this, mean
citation proportions for CATA was plotted against mean Std.IRT to
visualise the data. Further, investigations were made by plotting mean
CATA citation proportions versus mean Std.IRT per emotion.

To determine consistency of emotion selection, cross tabulations
were created to obtain and compare counts and proportions of CATA (0
= not-checked, 1 = checked) responses and Go/No-go data (0 = No-go,
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04

Session 1 - CATA emotion citation proportions

(b) IRT Go/No-go

09

Session 2 - IRT emotion Std.IRT

0.85

0.90 0

w
o

Session 1 - IRT emotion Std.IRT

Product

CowHF #

CowlLF

Fig. 2. Scatterplots of emotion terms (individual points represent individual emotions) from session 1 and 2 of the two cow milk products (shown by the circle
(COWHEF) and triangle (COWLF) points) (a) CATA mean citation proportions, p = 0.962, (b) IRT Go/No-go mean standardised implicit response time (Std.IRT), p

= 0.897.

1 = Go) for pooled data, by individual emotions and products. A two-
factor (emotion, inconsistency) generalised linear model (GLM) and
Analysis of Deviance (Agresti, 2018; Weerawarna N. R. P., Godfrey,
Ellis, & Hort, 2021a) was performed on the inconsistent proportions of
No-go = 0 when CATA =1, and Go = 1 when CATA = 0, i.e. a subset of
the data. A second two-factor (product, inconsistency) GLM and Analysis
of Deviance was performed on the same subset of the data to test the
product effect. Tukey HSD post-hoc tests were used to make pairwise
comparisons of the proportions where main effects were significant.

2.5.4. Product discrimination

Two approaches, 1) linear mixed models (Package 1me4 (Bates et al.,
2015)), and 2) Correspondence Analysis or Principal Component Anal-
ysis (Package FactoMineR (Le et al., 2008)) were used to analyse the
level of product discrimination in CATA versus IRT approaches.

2.5.4.1. Linear mixed models. First, linear mixed models and subse-
quent post-hoc mean comparisons were used to investigate the product
effects on emotional responses.

CATA: GLM with binomial distributions are recommended to analyse
binary data (Agresti, 2018; Bi & Kuesten, 2022; Weerawarna N. R. P.
et al., 2021a). Mixed logistic regression was performed through

Generalised linear mixed effect models (GLME) with default functions
(function = glmer, family="binomial”, link = Logit; (Agresti, 2018)
were used to model the citation proportions for product as fixed effect
and participant as random effect to investigate product effects on
emotional responses. Analysis of Deviance (Agresti, 2018) was used to
determine the statistically significance of product. Tukey HSD post-hoc
test was used to make pairwise comparisons of citation proportions
where emotional responses were significant among products.

IRT: Response time is inversely proportional to the strength of as-
sociation of an emotion to a product (Gomez, Ratcliff, & Perea, 2007;
Gavazzi et al., 2023). Therefore, Inverted Std.IRT (iStd.IRT) = 1 — Std.
IRT of an emotion term, was used in this analysis. Mean iStd.IRT and
observed SE for all emotion terms were calculated for each product.
Typically, continuous measures of response time data from IRT Go/No-
go method are analysed using ANOVA (Gomez et al., 2007). Linear
mixed effect models (LMM) were used to model the iStd.IRT for product
as fixed effect and participant as random effect to investigate product
effects on emotional responses. ANOVA was used to determine the sta-
tistical significance of product. Where emotional responses were signif-
icant among products, Tukey HSD post-hoc pairwise comparisons of
mean iStd.IRT were applied.
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Fig. 3. Scatterplot of the mean citation proportions of emotion terms (individual points represent individual emotions) in CATA versus IRT Go/No-go approaches of

products (shown in different shape points). p = 0.947.

2.5.4.2. Correspondence Analysis and Principal Component Analysis.
CATA: Secondly, Correspondence Analysis and subsequent biplots were
obtained to visualise the CATA emotional response space of the prod-
ucts. A product x emotion terms contingency matrix was developed
(Meyners, Castura, & Carr, 2013) for CATA citation proportions on
which Correspondence Analysis (Abdi & Béra, 2014) was performed.

IRT: As longer response times are associated with lower relevance of
an emotion to a product (Gomez, Ratcliff, & Perea, 2007; Gavazzi et al.,
2023), a product x emotion contingency matrix was developed using
iStd.IRT data on which Principal Component Analysis was performed.

Then, subsequent biplots were created for each CATA and IRT. The
chi-square distance was obtained to map the biplot of product x emotion
terms. Dimensions were retained that enabled at least 80 % of the
variance in the data to be retained. Positioning of product confidence
ellipses (95 %) were viewed to determine if emotional response profiles
of products were differentiated.

Euclidean distance matrices of the biplots from CATA and IRT data

were obtained. Pearson’s correlation was used to investigate the rela-
tionship between the distance matrices and hence level of product
discrimination in CATA and IRT.

3. Results

The false positive rate testing task in the IRT Go/No-go method
indicated one participant gave all false answers (answering ‘Go’ for ‘No-
go’ and vice versa) indicating lack of attention or misunderstanding the
task. Their data were removed from the analysis and hence the final
analysis was based on 104 participants.

3.1. Consistency of emotional response across sessions for each approach

Mean CATA citation proportions and mean Std.IRT from session 1,
showed high correlations (p > 0.89) with their respective session 2 data
(Fig. 2 (a & b)). No session effect on emotional responses in both CATA
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Fig. 4. Scatterplot of mean CATA citation proportions and mean Std.IRT of IRT Go/No-go (products shown in different shape points) across all emotion terms

(individual points represent individual emotions), p = -0.949.
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Table 5

Cross tabulation of CATA and Go/No-go proportions by product.

Table 4
Cross tabulation of CATA and Go/No-go proportions (pooled data).
Go/No-go
0 (No-go) 1 (Go)
CATA 0 (not checked) 0.727 0.051
1 (checked) 0.075 0.146

Shaded cells show inconsistent responses across the two methods.

and IRT data was evident.

3.2. Frequency of emotion selection across approaches

Citation proportions across all emotions in CATA and Go/No-go
(Fig. 3) were highly correlated (p = 0.947).

Citation proportions from CATA and Std.IRT data displayed a high
negative correlation (p = -0.949) (Fig. 4) indicating lower citation
proportions of emotion terms in CATA related to longer response times.
Further investigations at the individual emotion level (Fig. 5) revealed
the potential redundancy of some terms. For example, ‘masculine’,
‘sensual’ and ‘sophisticated’ had very low citation proportions in CATA
(<0.2) and if they were also chosen in IRT they had long response times
(>900 mS) across all products.

Table 4 cross-tabulates CATA and Go/No-go response proportions on
pooled data indicating that, 88 % of the time, participant responses were
consistent across methods i.e. ‘unchecked’ in CATA, and ‘No-go’; or
‘checked’ in CATA and ‘Go’. However, although limited, there were
some inconsistent participants a proportion of ‘No-go’ responses corre-
sponding to being ‘checked’ in CATA (0.075) and that of ‘Go’ and CATA
‘not-checked’ (0.051). Table 5 and Table 6 detail the cross tabulation by

Product Go/No- CATA
g0 0 1
CowHF 0 0.68 0.09*
1 0.058 0.18
CowlF 0 0.7 0.09*
1 0.058 0.15
Almond 0 0.75 0.07%
1 0.05° 0.13
Cashew 0 0.77 0.05%
1 0.048 0.13
Oat 0 0.71 0.09%
1 0.06° 0.14
Rice 0 0.73 0.07%
1 0.05° 0.15
Soy 0 0.74 0.074
1 0.058 0.14

AB

inconsistent’ (‘No-go’=0 and ‘checked’=1 in CATA or ‘Go’=1 and ‘not-

checked’=0 in CATA) diagonal proportions (shaded cells) with different letter
codes within a product are significantly different (Tukey HSD, p < 0.05).
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Table 6
Cross tabulation of CATA and Go/No-go proportions by emotion term.

Emotionterm  Go/No- CATA
go 0 1
Adventurous 0 0.78 0.06"
1 0.044 0.13
Bored 0 0.68 0.09%
1 0.068 0.17
Cheap 0 0.68 0.07%
1 0.06* 0.19
Classy 0 0.82 0.07%
1 0.038 0.08
Comforted 0 0.66 0.08*
1 0.06* 0.2
Energised 0 0.77 0.074
1 0.03° 0.13
Feminine 0 0.85 0.05*
1 0.03% 0.07
Genuine 0 0.72 0.09*
1 0.074 0.12
Happy 0 0.65 0.08*
1 0.04®° 0.22
Inspired 0 0.75 0.114
1 0.03° 0.11
Irritated 0 0.69 0.07A
1 0.048 0.2
Masculine 0 0.93 0.024
1 0.017 0.03
Modern 0 0.67 0.114
1 0.06° 0.16
Pretentious 0 0.8 0.05*
1 0.06% 0.09
Relaxed 0 0.64 0.094
1 0.07A 0.2
Sensual 0 0.84 0.05*
1 0.03A 0.08
Simple 0 0.47 0.12A
1 0.12A 0.29
Sophisticated 0 0.83 0.06*
1 0.04A 0.06
Traditional 0 0.71 0.08*
1 0.074 0.13
Uninspired 0 0.59 0.06*
1 0.08" 0.27

ABsinconsistent’ (‘No-go’=0 and ‘checked’=1 in CATA or ‘Go’=1 and ‘not-

checked’=0 in CATA) diagonal proportions (shaded cells) with different letter
codes within an emotion are significantly different (Tukey HSD, p < 0.05).

product and emotion term respectively. Analyses of Deviance showed
significant effects of inconsistent (Pr(>Chi) < 0.010), product (Pr(>Chi)
< 0.019) and emotion term (Pr(>Chi) < 0.001) on the proportions. The
product effect was consistent across products (Table 5). However, sig-
nificant interaction of inconsistency and emotion terms (Pr(>Chi) <
0.001) indicated that inconsistencies are emotion dependent. Mean
comparisons showed a significant size effect across inconsistent pro-
portions for ‘bored’, ‘classy’, ‘comforted’, ‘energised’, ‘happy’,
‘inspired’, ‘irritated’ and ‘modern’ (Table 6).
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3.3. Product discrimination

Table 7 shows the mean citation proportions and SE of CATA
emotion terms by product. Table 8 shows mean iStd.IRT and SE of
emotion terms by product.

Analysis of Deviance on GLME of CATA revealed significant product
effects on emotion terms except for ‘classy’ and ‘masculine’ (Table 9),
although ‘masculine’ was approaching significance (Pr(>Chi) = 0.098).
In comparison, ANOVA on LMM of mean iStd.IRT revealed a significant
product effect for emotion terms, except ‘feminine’, ‘masculine’, ‘mod-
ern’, ‘pretentious’ and ‘sophisticated” (Table 9), however ‘feminine’ (Pr
(>F) = 0.075) and ‘modern’ (Pr(>F) = 0.092) were approaching sig-
nificance. In fact, number of emotion terms with significant product ef-
fect in IRT is less than in CATA. Additionally, product effect on ‘classy’ is
not significant in CATA but in IRT. When considering the pair-wise mean
comparisons on significant terms, within cow milks, CATA differentiated
CowHF from CowLF on more emotion terms (‘adventurous’, ‘com-
forted’, ‘inspired’, ‘irritated’, ‘relaxed’ and ‘uninspired’) where IRT only
differentiated on ‘simple’. However, vice versa was noticed within
PBMA space. IRT was differentiating products slightly more on ‘bored’,
‘classy’, ‘comforted’, ‘happy’ and ‘simple’ than CATA. For example,
lower CATA citations for ‘comforted’ of Almond and Cashew only
differed from higher citations of ‘Oat’. In IRT, lower mean score for
‘comforted’ of ‘Soy’ was additionally differentiated from ‘Oat’. How-
ever, with an exception, CATA differentiated ‘energised’ across PBMA
marginally more, i.e. lower CATA citations of Cashew from Oat, Rice
and Soy, but not in IRT. Both CATA and IRT did not differentiate the
means for ‘sensual’ across the products.

Correspondence Analysis biplots for CATA (Fig. 6 (a)) and Principal
Component Analysis for IRT (Fig. 6 (b)) revealed similar emotional
response spaces for products and a high correlation between the distance
matrices from CATA and IRT (Pearson’s correlation coefficient = 0.986),
indicated a similar degree of product differentiation from CATA and IRT.
However, the 95 % confidence ellipses for the iStd.IRT data overlapped
more than observed for the CATA data (Fig. 6), suggesting CATA am-
plifies product discrimination.

4. Discussion

This study explored whether an IRT Go/No-go approach provides
similar or different insights into consumer emotional responses with
respect to a traditional explicit CATA approach.

Within assessor reproducibility and stable product characterisation
have been reported for sensory CATA (Jaeger et al., 2013). This study
also shows assessor reproducibility when using CATA for emotional
response measurements. For the first time, consistency of participant
IRT data across sessions was identified in this study. It is important to
note that assessor consistency across sessions was evaluated based only
on the replicates of the two cow milk samples. Overall IRT and CATA
performed similarly well in terms of assessor consistency, indicating that
testing number of products across several sessions for emotional
response is appropriate, and possible regardless of the choice of CATA
versus IRT Go/No-go.

Selected emotions, and frequency of their selection, were also similar
across the two approaches, indicating that the choice of CATA versus
IRT Go/No-go had no methodological impact on recording emotions.
Moreover, correlation between the continuous response time measure
with citation proportions in CATA supports the assumption that faster
reaction times indicate more congruent relationships between the
stimuli as observed by Verhulst et al. (2006). Similar findings were re-
ported by others investigating the association of implicit reaction time
with elicited emotions for perfumes (Porcherot et al., 2022) and
congruent relationship between the chemosensory quality and intensity
of sensations and implicit affective reactions (Pierguidi et al., 2023).

Further, in the present study, the high negative correlation of
response time and citation proportions of CATA implies that where
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Table 7
Mean CATA citation proportions and standard error (SE) of emotion terms by product.

Emotion Products
terms CowHF CowlLF Almond Cashew Oat Rice Soy

Mean citation proportions and SE

Mean  SE Mean SE Mean  SE Mean SE Mean  SE Mean  SE Mean  SE
Adventurous 0.15° 0.02 0.06° 0.03 0.10® 0.03 0.11*® 0.03 0.29°¢ 0.04 0.22%  0.04 0.22° 0.04
Bored 0.12* 004 0.21% 003 0.35° 0.05 0.30  0.04 0.16** 0.04 0.16*® 0.04 0.26 0.04
Cheap 0.11* 0.04 0.20®® 0.03 0.33* 0.05 0.41°¢ 0.05 0.12* 0.03 0.28% 0.04 0.28 0.04
Classy 0.16° 0.03 0.13* 0.04 0.10° 0.03 0.10? 0.03 0.11* 0.03 0.15* 0.04 0.07* 0.02

Comforted 0.58¢ 005 0.40° 0.05 0.09° 0.03 0.11% 0.03 0.33* 0.05 0.21%* 0.04 0.18% 0.04
Energised 0.27¢ 0.04 0.20* 0.04 0.10* 0.03 0.05° 0.02 0.18° 0.04 0.19° 0.04 0.17° 0.04

Feminine 0.14® 003 0.10® 0.03 0.07* 0.02 0.05°  0.02 0.09®® 0.03 0.16° 0.04 0.08® 0.03
Genuine 0.36° 005 0.31¢ 005 0.11* 0.03 0.06° 0.02 0.25 0.04 0.14%® 0.03 0.14** 0.03
Happy 0.50¢ 0.05 0.40% 005 0.09° 0.03 0.09°  0.03 0.34> 0.05 0.30 0.04 0.19® 0.04
Inspired 0.26° 004 015* 004 0.09° 0.03 0.05° 002 0.16*® 0.04 0.15%® 0.04 0.15* 0.04
Irritated 0.04*> 003 013® 002 030° 0.05 0.46¢  0.05 0.10® 0.03 0.34°  0.05 0.30°  0.04
Masculine 0.04*> 001 0.02°® 0.02 0.06% 0.02 0.10*° 0.03 0.06* 0.02 0.03* 0.02 0.04* 0.02
Modern 0.19%® 0.04 017® 0.04 017® 0.04 0.16° 0.04 0.28® 0.04 0.27%®  0.04 0.31> 0.05
Pretentious  0.03® 0.03 0.07%® 0.02 0.16%¢ 0.04 0.25¢  0.04 0.08* 0.03 0.20%  0.04 0.17%¢  0.04
Relaxed 0.56% 0.05 0.40° 005 015 0.04 0.09°  0.03 0.36> 0.05 0.22°®  0.04 0.18° 0.04
Sensual 0.11* 003 0.10® 003 0.05* 0.02 0.06° 002 0.14° 0.03 0.14°  0.03 0.12° 0.03
Simple 0.50> 005 057° 005 0.41%* 0.05 0.36® 0.05 0.40* 0.05 0.31° 0.05 0.30° 0.05

Sophisticated 0.10%® 0.02 0.04® 0.03 0.08*® 0.03 0.14° 0.03 0.12%* 0.03 0.08% 0.03 0.14°* 0.03
Traditional 0.50° 005 0.47° 0.05 0.13° 003 0.08° 0.03 0.15°  0.04 0.13®* 0.03 0.10° 0.03
Uninspired 0.14® 004 0.26° 0.03 0.60° 0.05 0.56°¢ 0.05 0.23% 0.04 0.30* 0.05 0.35°* 0.05

abedproduct citation proportions with different letter codes by row (emotion term) are significantly different (Tukey, p < 0.05).

Table 8
Mean inverted standerdised response time (iStd.IRT) (mS) and standard error (SE) (mS) of emotion terms by product.

Emotionterms Products

CowHF CowlLF Almond Cashew Oat Rice Soy

Mean iStd.IRT (mS) and SE (mS)

Mean  SE Mean  SE Mean  SE Mean SE Mean  SE Mean  SE Mean SE
Adventurous 0.09% 0.02 0.06® 0.02 0.05° 0.01 0.04° 0.01 0.11° 0.02 0.08* 0.02 0.09% 0.02
Bored 0.09%® 0.02 0.12°  0.02 0.17¢ 0.02 0.16¢ 0.02 0.067 0.02 0.087 0.02 0.11% 0.02
Cheap 0.05° 0.01 0.12%* 0.02 0.16° 0.02 0.14° 0.02 0.06* 0.01 0.11* 0.02 0.11% 0.02
Classy 0.08° 0.01 0.06® 0.01 0.03° 0.01 0.05% 0.01 0.05* 0.01 0.08> 0.01 0.03? 0.01
Comforted 0.21°¢ 0.02 0.17°  0.02 0.05° 0.01 0.05° 0.01 0.14> 0.02 0.10** 0.02 0.06° 0.01
Energised 0.11°  0.02 0.08%® 0.02 0.05° 0.01 0.03° 0.01 0.08%® 0.01 0.08%°  0.02 0.08% 0.02
Feminine 0.06° 0.01 0.05° 0.01 0.05° 0.01 0.02° 0.01 0.05° 0.01 0.07° 0.01 0.03° 0.01
Genuine 0.13¢ 0.02 0.11% 0.02 0.06® 0.01 0.03° 0.01 0.10% 0.02 0.07* 0.01 0.06% 0.01
Happy 0.23¢ 0.02 0.17°%  0.02 0.05° 0.01 0.06° 0.02 0.18% 0.02 0.14° 0.02 0.12°%¢ 0.02
Inspired 0.12° 0.02 0.09%® 0.02 0.05° 0.01 0.06° 0.01 0.10%® 0.02 0.07%® 0.01 0.09% 0.02
Irritated 0.03° 0.01 0.09%® 0.02 0.15% 0.02 0.17°¢ 0.02 0.067 0.02 0.14%  0.02 0.14% 0.02
Masculine 0.01° 0.01 0.03° 0.01 0.03° 0.01 0.03° 0.01 0.03° 0.01 0.02° 0.01 0.02° 0.01
Modern 0.11° 0.02 0.11° 0.02 0.08° 0.02 0.07° 0.02 0.12®  0.02 0.12° 0.02 0.13° 0.02
Pretentious 0.04° 0.01 0.04° 0.01 0.08° 0.01 0.07° 0.02 0.03® 0.01 0.06° 0.01 0.05° 0.01
Relaxed 0.20¢ 0.02 0.14% 0.02 0.07° 0.02 0.04° 0.01 0.15% 0.02 0.10%  0.02 0.07° 0.01
Sensual 0.06° 0.01 0.047 0.01 0.02° 0.01 0.02° 0.01 0.067 0.01 0.04° 0.01 0.04° 0.01
Simple 0.16% 0.02 0.237  0.02 0.19%® 0.02 0.12 b« 0.02 0.20® 0.02 0.12°  0.02 0.11« 0.02
Sophisticated  0.06° 0.01 0.03* 0.01 0.03? 0.01 0.03? 0.01 0.05* 0.01 0.042 0.01 0.04° 0.01
Traditional 0.17° 0.02 0.15°  0.02 0.05° 0.01 0.04° 0.01 0.09° 0.01 0.04° 0.01 0.04° 0.01
Uninspired 0.08°¢ 0.02 0.13%  0.02 0.18° 0.02 0.23% 0.02 0.07¢ 0.02 0.10¢ 0.02 0.12%¢ 0.02

abedproduct mean iStd.IRT values with different letter codes by row (emotion term) are significantly different (Tukey, p < 0.05).
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Table 9

Summary of Chi-square and Pr(>Chi) values from Analysis of Deviance of
generalised linear mixed effect models (GLME) on mean citation proportions,
and F values and Pr(>F) values from ANOVA of linear mixed effect models
(LMM) on IRT mean iStd.IRT of emotion terms.

Emotion term CATA (GLME) IRT (LMM)
Product (df = 6) Product (df = 6)
Chi-square Pr > Chi F value Pr>F

Adventurous 40.489 <0.001 3.021 0.006
Bored 34.163 <0.001 5.217 <0.001
Cheap 3434143.804 <0.001 5.319 <0.001
Classy 9.384 0.153 2.903 0.008
Comforted 118.839 <0.001 14.735 <0.001
Energised 30.677 <0.001 3.225 0.004
Feminine 14.954 0.021 1.921 0.075*
Genuine 62.638 <0.001 6.301 <0.001
Happy 93.832 <0.001 12.114 <0.001
Inspired 30.478 <0.001 3.226 0.004
Irritated 92.89 <0.001 8.637 <0.001
Masculine 10.715 0.098* 0.966 0.447
Modern 18.887 0.004 1.827 0.092*
Pretentious 45.863 <0.001 1.732 0.111
Relaxed 108.215 <0.001 12.364 <0.001
Sensual 11.514 0.021 2.629 0.016
Simple 39.135 <0.001 7.53 <0.001
Sophisticated 14.724 0.023 1.319 0.247
Traditional 135.031 <0.001 16.17 <0.001
Uninspired 96.729 <0.001 10.558 <0.001

Bold font represents significant Pr(>Chi) < 0.05 for CATA and Pr(>F) < 0.05
for IRT. *Pr < 0.10.

citation proportions are low, those participants may have taken longer
to check the emotion. Although this hypothesis needs further investi-
gation, measuring response times in a Go/No-go approach could provide
useful data in preliminary studies to help remove redundant terms from
lengthy lexicons.

The high negative correlation of response time and citation pro-
portions of CATA also brings into question whether responding under
time pressure is more representative of actual consumer decision making
and hence the product experience. Some researchers showed association
of lower response times with higher accuracy and confidence for visual
stimulus (Hagura, Esmaily, & Bahrami, 2023) and recognition/recall
memory (Robinson, Johnson, & Herndon, 1997; Weidemann & Kahana,
2016; Zylberberg, Fetsch, & Shadlen, 2016). In the present study, some
participants indicated different responses in CATA where there is no
time pressure, to in the IRT which is time restricted. It infers they may be
switching their responses in the absence of time pressure in CATA,
representing a more conscious-explicit choice pathway or hesitancy of
their decisions (Walczyk, Roper, Seemann, & Humphrey, 2003) and
hence differ from their explicit responses in the Go/No-go task. Addi-
tionally, this difference in response was only observed for some emotion
terms, independent of product. This also posits whether some emotions
require more time to be evoked and given explicit consideration. For
example, in multiple sip evaluation of temporal emotion responses,
‘nostalgic’ was cited more often towards latter sips compared to higher
citations given for ‘happy’ at sip 1 (Weerawarna N. R. P., Godfrey, Ellis,
& Hort, 2021b). Also, it is important to investigate whether explicit
CATA or IRT represented the actual consumer experience of the product,
possibly by exploring future purchase behaviours or associations with
other affective and sensory responses of the product set.

Overall, data modelling showed significant product effect on more
emotion terms in CATA than in IRT, indicating binary format of data in
CATA and subsequent higher product discrimination than with contin-
uous data in IRT. Even marginal, it was interesting to note that CATA
was differentiating more between cow milks and IRT in the PBMA space.
In fact, purportedly IRT is outperforming the traditional CATA for this
PBMA product criterion. A few exceptions were that some emotions
differentiated by mean comparisons in CATA were not differentiated in
IRT and vice versa. The Correspondence Analysis and confidence ellipses
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indicated that CATA appeared to be more distinct. However, it is
important to note that IRT is a continuous measure (Gomez et al., 2007;
Pierguidi et al., 2023; Porcherot et al., 2022) versus CATA data which
are binary (Ares et al., 2017), and hence raises the question as to
whether CATA’s binary data format exaggerates product discrimination
by ignoring participant indecisiveness revealed in the continuous mea-
sure of response time in IRT.

IRT might not be ideal for longer and complex emotion lexicons.
According to cognitive psychology, longer lists of terms are reported to
reduce consumer attention to the evaluation task resulting satisficing
responses (Krosnick, 1999; Krosnick & Alwin, 1987; Rasinski, Mingay, &
Bradburn, 1994). Additionally, if the emotion term is complicated to
comprehend, time taken to understand the emotion is likely to be
recorded as the response time as an indication of association of an
emotion to the product. However, an optimum lexicon length or level of
complexity is not confirmed for IRT Go/No-go nor emotion CATA, as
opposed to a recommended length of up to 20 terms in sensory CATA
(Ares, Antlinez, Giménez, & Jaeger, 2015). Therefore, more research is
required to explore the optimum lexicon length for IRT Go/No-go and
emotion CATA tasks. Further, the complexity of explaining IRT Go/No-
go tasks to naive consumers needs to be weighed against the insights
captured from the approach with respect to simplicity and rapidness in
CATA (Jaeger & Ares, 2023). Additionally, IRT Go/No-go requires
specific software for data collection, as it is not available in current
sensory consumer science data collection software.

Optimum approaches for data transformations in reaction time needs
further investigations as minimum reaction time can potentially also be
considered an outlier, and hence a limitation of this study. However,
data analysis of this study was reliant on the central limit theorem
eliminating the problems associated with the small risk of an outlier or
the distribution of the response variable. If an assessor’s minimum
response time is an outlier, then that assessor will have less influence on
the overall findings than other respondents.

5. Conclusions

In summary, IRT Go/No-go did not outperform CATA on assessor
consistency across sessions, and frequency of selecting emotions.
Compared to CATA, continuous measure of time in IRT provided addi-
tional information on the relevance of selected emotions to a particular
product. Product discrimination generally was higher in CATA between
cow milks and IRT in PBMA space, but as an artefact CATA appears more
distinct based on confidence ellipses. Being under no time pressure to
answer in CATA, some participants seemed to change their mind in their
selections compared to when they were subjected to time restrictions in
IRT Go/No-go and hence questions which approach provides more ac-
curate data on consumer product experience.

It is important to understand which of the two methods, explicit
versus implicit, or a combination approach is more representative of
actual product experience, and whether some emotions require more
time to be evoked and given explicit consideration. Further in-
vestigations are needed to validate the findings of this study and provide
recommendations on the choice, or combination, of methods for re-
searchers. This can be achieved by evaluating various product matrices
with different sensory profiles that can elicit a wider range of valence
and arousal of emotions.
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