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Temporal Check-All-That-Apply (TCATA) is introduced as a new dynamic method for describing multidi-
mensional sensory properties of products as they evolve over time. TCATA extends the
Check-All-That-Apply (CATA) method. Selection and deselection of attributes are tracked continuously
over time, permitting assessors to characterize the evolution of sensory changes in products. TCATA is
presented using results from trained panel evaluations of yogurt products. Data are also used to illustrate
approaches for exploratory data analysis. Raw data from each assessor are represented using indicator
charts. Panel data are aggregated into TCATA product plots. Reference lines are added to provide addi-
tional guidance. Product pairwise comparisons are made in TCATA difference plots, emphasizing differ-
ences that are less likely to have arisen from chance. Correspondence analysis (CA) is used to visualize
product trajectories over time in a sensory space, providing a summary multivariate understanding of
the dynamic sensory properties. CA conducted on the TCATA yogurt data highlight the importance of
the dynamic profile, and suggest that understanding the complexity of products requires investigation
of temporal changes. Results indicate that the TCATA method has potential for evaluating temporal
aspects of sensory perception but further research is required to identify methodological issues and to
refine the methodology.

� 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

One of the challenges in sensory evaluation is characterizing the
rapidly evolving sensations that comprise the dynamic properties
of products. Temporal sensory evaluation of foods and beverages
is a complex endeavour, but also one that is relevant for under-
standing how products are perceived in the mouth during con-
sumption. It comprises the evaluation of many in-mouth
sensations (olfactory, gustatory, and trigeminal, as well as sound,
texture, and temperature) that are not static but rather evolve over
time (see Lawless & Heymann, 2010, Ch. 8). Various temporal sen-
sory methods are available for characterization of dynamic product
properties. In this manuscript, the Temporal Check-All-That-Apply
(TCATA) method is introduced as a novel temporal sensory
method, which could be used by assessors to characterize
products.

Historically, temporal sensory evaluations have focused on
attribute intensities, and have been conducted within the
framework of analytical sensory evaluation. The best example is
continuous time intensity (TI), which enables intensity measure-
ment of one relevant attribute at a time. TI data are usually repre-
sented using curves, which show changes in attribute intensity
between onset and extinction times (ASTM, 2013). Although
Dual-Attribute Time Intensity (Duizer, Bloom, & Findlay, 1996)
has been proposed for evaluation of two attributes simultaneously,
continuous measurement is not possible for three or more
attributes.

The traditional approach for measurement of three or more
attributes involves descriptive analysis at specific, discrete time
points during consumption (Lawless & Heymann, 2010, Ch. 8).
Various methods have been proposed which pre-establish time
windows for responses, e.g., Time-Scanning Descriptive Analysis
(Seo, Lee, Jung, & Hwang, 2009), Multi-Attribute Time Intensity
(MATI; Kuesten, Bi, & Feng, 2013), Time Related Profiling
(Kostyra, Baryłko-Pikielna, Dąbrowska, & Wasiak-Zys, 2008), and
Sequential profiling (Methven et al., 2010). Other methods involve
determination of sensory properties at points of consumption, such
as the intensity variation descriptive method (Gordin, 1987), or in
sync with chew strokes, such as Progressive Profiling (Jack, Piggott,
& Paterson, 1994).
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The Flavour Profile method (Caul, 1957) captures several pro-
duct concepts, one being the order of elicitation of flavour charac-
teristics. In a food product, the early development of appropriate
sensations is closely tied to the emergence of a few attributes at
the beginning of the evaluation. The Temporal Order of
Sensations (TOS; Pecore, Rathjen-Nowak, & Tamminen, 2011)
method captures the order in which the first few (e.g. 3) attributes
emerge with each bite (or sip) of a multi-bite evaluation. TOS data
are strictly ordinal, allowing the possibility of paper-based data
collection.

Temporal Dominance of Sensations (TDS; Pineau, Cordelle, &
Schlich, 2003; Pineau et al., 2009) was originally proposed as a
multi-attribute temporal sensory method that scaled the intensi-
ties of a sequence of dominant attributes. Pineau et al. (2012,
p. 164) propose a variant of TDS in which the dominant attribute
is selected, without scaling its intensity, an approach often
followed by other researchers (e.g., Thomas, Visalli, Cordelle, &
Schlich, 2015; Zorn, Alcaire, Vidal, Giménez, & Ares, 2014).
Time-Quality Tracking (Halpern, 1991; Zwillinger & Halpern,
1991) is an earlier method that also captures a sequence of
attributes without intensities.

Adams, Williams, Lancaster, and Foley (2007) proposed using
Check-All-That-Apply (CATA) questions to allow consumers to
indicate their sensory perception of the samples that were also
being evaluated hedonically. CATA questions provide multivariate
binary data which properly indicate the applicability of provided
descriptors to the samples. CATA questions do not directly capture
intensities. If an attribute is present in one product, and also occurs
in another product at a different intensity level, it is possible that
an assessor will check the attribute for both samples. There is no
scale to permit an assessor to characterize the level difference.
Nonetheless, evidence presented so far in the literature has shown
good correlation between CATA frequencies and attribute intensi-
ties (Bruzzone, Ares, & Giménez, 2012; Reinbach, Giacalone,
Ribeiro, Bredie, & Frøst, 2014). CATA questions are being used
increasingly in consumer questionnaires, and have been the sub-
ject of numerous methodological investigations published in this
journal (Ares & Jaeger, 2013; Ares et al., 2013, 2014; Jaeger et al.,
2014). Methods for evaluating reproducibility and repeatability
of CATA assessors have been proposed (Jaeger et al., 2013; Worch
& Piqueras-Fiszman, 2015). Meyners and Castura (2014) provide
a review of methodological considerations and Meyners, Castura,
and Carr (2013) give statistical approaches for CATA questions.

This manuscript presents TCATA as a temporal extension of
CATA. TCATA extends the use of CATA questions by allowing con-
tinuous selection and deselection of attributes based on applicabil-
ity of the attribute to describe the sample. The layout of the TCATA
question is much like a CATA question. The assessors’ task is to
indicate and continually update the attributes that apply to the
sample moment to moment, that is, to track the sensations in
the sample as it changes over time. Assessors are permitted to
check attributes at times whenever applicable, and to uncheck
attributes (or leave attributes not checked) whenever not applica-
ble. Multiple attributes can be selected simultaneously, which may
permit description of sensations that arise either sequentially or
concurrently.

In the present work the TCATA method is presented, along with
results from a TCATA study involving a trained panel.
2. Materials and methods

2.1. Temporal Check-All-That-Apply (TCATA)

In a TCATA evaluation of a single sample by an assessor in a par-
ticular session, the computerized data collection system displays
the entire list of attributes on the screen. The layout of a TCATA
question is much like a CATA question (cf. Meyners & Castura,
2014). Fixed order of attributes is avoided to reduce confounding
effects related to attribute order and position; in the study pre-
sented herein, attributes were presented according to an experi-
mental design to balance biases associated with attribute
position. The number of attributes was kept to a maximum of 10,
consistent with TDS methodological recommendations (Pineau
et al., 2012), which seems tentatively appropriate for TCATA.

Assessors were instructed to review the attributes to facilitate
the task of locating attributes during the TCATA evaluation. They
were instructed to click a Start button concurrently with putting
the sample into the mouth, and to immediately commence track-
ing changes in the sample by checking and unchecking words, such
that the words that were selected described the sample in that
moment. At any time between clicking Start and the end of the
evaluation time, assessors were free to check any unselected attri-
bute, or to uncheck any selected attribute. In a TCATA evaluation, it
is possible that some attributes are never checked, that other attri-
butes are checked but never unchecked, and that other attributes
are checked and unchecked one or more times, ending in either
the checked or the not checked state. Note that checking, uncheck-
ing, or not checking one attribute does not affect the possibility of
checking, unchecking, or not checking any other attribute. Multiple
attributes can be selected simultaneously according to when the
attribute is considered applicable to describe the sample. It is
important to stress that TCATA does not rely on the concept of
dominance: assessors select attributes that are deemed applicable
for describing each sample at each time slice.

Computer records are maintained and indicate each change in
the checked status of each attribute, e.g., when an assessor checks
a not-selected attribute or unchecks a selected attribute. The attri-
bute and all time(s) that the attribute was checked and/or
unchecked are recorded. Compusense at-hand 5.6 (Compusense
Inc., Guelph, Ontario, Canada) used the JavaScript Date object
method getTime() to obtain timestamps for the evaluation start
and for each event, which are subsequently reported in the soft-
ware at 10 ms (0.01 s) intervals. Data form a multivariate binary
time series.

Data in this TCATA study are considered to be a time series of
applicability data because assessors are instructed to describe sam-
ples in a manner similar to CATA. For this type of data, no explicit
assumptions are made regarding the type attentional process that
might result in selection (or deselection) of attributes. For example,
it is possible that a sensation (or the lack of a sensation) will cap-
ture the assessor’s attention, leading the assessor to update or
maintain the current checked state of the corresponding attribute,
as applicable. It is also possible that seeing an attribute on the
screen, thinking of an attribute, or other process might direct the
attention of the assessor to consider the applicability of that partic-
ular attribute for describing the sample being evaluated, and that
the assessor subsequently updates or maintains the checked state
of that attribute in response.
2.2. Stirred yogurt study

2.2.1. Yogurt products
Six commercial strawberry yogurt products, available in super-

markets in Montevideo, Uruguay were selected for inclusion in the
test. All products were stirred yogurts with blended fruit (Greek
yogurts were not included). Products differed in fat content (0%
and 3.2%) and sugar content (9–17%). Some of the products were
formulated with sweeteners. Samples were purchased and main-
tained in storage under refrigeration temperatures (4 �C ± 1 �C),
and removed from the refrigerator as needed immediately prior
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to sensory evaluation, and dispensed into plastic serving cups.
Samples were coded using three-digit blinding codes.
2.2.2. Yogurt assessors – trained panel
The sensory panel was originally comprised of 12 assessors, aged

22–48 years old, selected according to the guidelines of the ISO
8586:2012 standard (ISO, 2012). All assessors had been involved
with prior descriptive sensory evaluation of yogurts and dairy prod-
ucts. The yogurt panel had no experience with evaluating straw-
berry yogurts using temporal methods. In the first session,
assessors were presented with five commercial strawberry yogurt
samples, representing a wide range of sensory characteristics.
Assessors were asked to try the yogurts and to individually think
of sensory attributes that changed over the time of the evaluation
period. Then, through open discussion with the panel leader, asses-
sors agreed on the best attributes to fully describe the dynamics of
the sensory characteristics of samples. Attributes were defined and
attribute references selected in open discussion (Table 1). During
eight 10-minute training sessions, assessors were familiarized with
the TCATA task and the software used for data collection. The
importance of checking attributes based on their applicability for
describing the sample, and unchecking attributes that no longer
applied for describing the samples was stressed. The number of
training sessions was pre-established tentatively based on training
times used in some previous studies (e.g. Zorn et al., 2014), and not
extended due to positive assessor feedback on attribute and task
familiarity. One assessor attended only 1 of the 3 data collection
sessions, and was subsequently dropped from the panel.
2.2.3. Yogurt study – experimental design and data collection
Six samples were presented to each assessor in sequential

monadic format. To balance bias associated with sample order
and first-order carryover, samples were presented according to a
Williams Latin square design (Williams, 1949). There were 8 sen-
sory attributes, selected by the trained assessors and the panel lea-
der: Ácido (Sourness), Dulce (Sweetness), Sabor a frutilla (Strawberry
flavour), Sabor extraño (Off Flavour), Cremoso (Creamy texture),
Recubrimiento graso (Fatty Mouthfeel), Sabor artificial (Artificial fla-
vour), and Sabor a crema (Cream flavour). Attributes were arranged
in a three-column layout. Different attribute list orders were
obtained from a Williams Latin Square design, with list orders allo-
cated such that each assessor received a different attribute list
Table 1
Definition and references of the attributes evaluated by the trained TC

Attribute Definition

Sourness Sour taste

Sweetness Sweet taste

Strawberry flavour Flavour characteristic of fresh and n
strawberry

Off flavour Non-characteristic flavour of strawb
yogurt

Creamy texture Sensation related to a product of sm
texture, homogeneous, with interm
thickness and moderate melting rat

Fatty mouthfeel Sensation caused by the film of fat
remaining in the mouth after swall
the sample

Artificial flavour Non-natural strawberry flavour

Cream flavour Flavour characteristic of milk cream
order in each session, but within a session used the same attribute
list order to evaluate all samples.

Assessors were instructed to commence the evaluation by
pressing a Start button simultaneous to putting a tablespoon
(15 mL) of yogurt in the mouth. TCATA data collection commenced
upon clicking Start, at which time it became possible to select and
deselect attributes, corresponding to the sensory terms that
described the sample characteristics at each time. No precise
instructions were given regarding the moment at which assessors
should swallow the sample. The total duration of the test (30 s)
was determined with trained assessors in the first training sessions
in order to evaluate sensory characteristics after swallowing.

Results were collected for a single-spoon evaluation. Data from
the study were collected on laptops using Compusense at-hand 5.6
(Compusense Inc., Guelph, Ontario, Canada), which was modified
to permit collection of TCATA data. The trained panel evaluated
each product in triplicate in 3 sessions. Data were collected in 3
sessions on separate days within a 12-day time frame in
February-March 2014 at the Universidad de la República in
Montevideo, Uruguay.

2.3. Data analysis

In this paper, data analysis focused on exploratory techniques,
which were conducted using R 3.1.2 (R Core Team, 2014).

A unique combination of a particular assessor in a particular
session will be referred to as a ‘‘TCATA run’’. Raw TCATA data can
be denoted as having a ¼ 1; . . . ;A attributes, k ¼ 1; . . . ;K products,
r ¼ 1; . . . ;R TCATA runs, and t ¼ 1; . . . ; T time slices. TCATA data
create a multivariate binary time series; the response xarkt ¼ 1 if
a was checked by r for k at t; otherwise, xarkt ¼ 0.

2.3.1. Visualization of a raw TCATA data
Data from each TCATA evaluation were arranged into matrices,

XðrkÞ
a;t , i.e., one matrix per product per run, with attributes in rows

and time slices in columns. Indicator charts were prepared for each
evaluation from these matrices, which permit the visualization of
the attribute selections 1; . . . ;A used in the run to characterize
the sensory properties of product k at 1; . . . ; T. Indicator charts per-
mit inspection of elicitation onset and extinction times, elicitation
durations, elicitation sequences, and elicitation co-occurrences.
The plots are useful in understanding the characteristics for
ATA assessors.

Reference

Commercial sample of unsweetened
stirred yogurt
Plain yogurt formulated by the authors,
containing 8% sugar and 0.015% sucralose

atural Stirred yogurt formulated by the authors,
containing strawberry puree

erry Commercial sample of plain stirred yogurt
with probiotics, which was described
mainly as chemical or plastic; the same off
flavour appeared in one of the samples
which also contained the same probiotic
strain

ooth
ediate
e

Plain yogurt formulated by the authors
containing 3% milk fat and 1% modified
starch

owing
Milk with 20% added milk cream

Commercial sample of strawberry-
flavoured drinkable yogurt
Milk with 20% added milk cream
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Fig. 1. TCATA indicator plot for Trained Assessor 1 for Yogurt Sample 1.
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TCATA data, including the possibility for concurrent selection of
attributes.

Fig. 1 provides the indicator chart based on raw data for a
trained assessor who evaluated Yogurt 1.
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Fig. 2. The procedure for aggregation of TCATA data is illustrated us
2.3.2. Visualization of product data
2.3.2.1. TCATA curves. The number of citations for each product k
for each attribute a and time slice t was obtained, and expressed
as a proportion of the number of runs (R) to obtain the citation pro-
portion patk. These citation proportions are calculated indepen-
dently for each time slice. In TCATA, it is possible for assessors to
check attributes concurrently, thus the sum of proportions can
exceed 1. TCATA curves were created using these proportions
based on the procedure illustrated in Fig. 2. Note the similarities
between the procedure for aggregation for TCATA data and the pro-
cedure for aggregation of TDS data (cf. Pineau et al., 2009, Fig. 1).
Smoothing is performed via the smoothing.spline function in
R. (Smoothing is optional; any smoothing algorithm that fits the
data might be considered to conduct this step.) Note that assessors
are free to check any attribute that is not selected, and to uncheck
any attribute that is selected; in Fig. 2, Assessor 2 has checked then
unchecked Strawberry flavour twice in Session 2.

To provide context for the evolving citation proportions of attri-
butes for product k relative to the other products in the study, ref-
erence lines are calculated, based on the citation proportions of
pooled data from the other products in, f1; ::;Kg n k henceforth
denoted !k. More specifically, the reference line is a line corre-
sponding to k on, a and obtained by summing the number of cita-
tions for a for !k at each t, and dividing by the number of
evaluations RðK � 1Þ to obtain the citation proportion patð! kÞ.
Again, these citation proportions are calculated independently for
each time slice, and construction follows the procedure in Fig. 2.

To improve the legibility of the plots, we prefer to suppress the
reference line a at t if there is evidence suggesting that the differ-
ence in citation proportions for product k and !k is due to chance.
�me

�me

Sweetness

rawberry
flavour

Fatty mouthfeel

�me

ing data for Strawberry Flavour for two assessors and 3 sessions.



J.C. Castura et al. / Food Quality and Preference 47 (2016) 79–90 83
Specifically, for each product k for attribute a at time t, we form the
2 � 2 table C. Row 1 contains observations related to k, and row 2
contains observations related to !k. Data under columns 1 and 2
indicate that the attribute was checked and not checked, respec-
tively. Note that sums for rows 1 and 2 are unequal but fixed by
the experiment, i.e., R and RðK � 1Þ, respectively. We use the
two-sided Fisher–Irwin test (Fisher, 1935; Irwin, 1935) using
Irwin’s rule to test the hypothesis H0 : no association of rows and
columns versus H1 : rows and columns associated. To conduct
the test, all possible tables with the observed row and column
sums are obtained. The p-value indicates the proportion of those
tables with values as extreme or more extreme than the observed
values under the marginal constraints. H0 is rejected in favour of
H1 at level a if the citation proportions patk and patð! kÞ are not homo-
geneous. In this case, the reference line is considered potentially
informative, and is displayed. To further improve legibility of the
plot, the weight of the TCATA curves is heavier than the reference
curves, and TCATA curves are highlighted wherever the corre-
sponding reference curves are displayed (e.g., Figs. 3 and 4).

2.3.2.2. TCATA difference curves. Pairwise product differences are
often of interest to product developers. For consistency with the
TCATA curves, differences in TCATA profiles of two products are
obtained by taking the difference in TCATA citation proportions
for each of the attributes at each of the time slices. Optionally,
smoothing can be performed. The superimposition of all attributes
onto a single TCATA difference plot permits inspection of the pro-
duct differences over time. The line showing the difference in cita-
tion frequencies is suppressed for attribute a at time t if evidence
suggests that the difference in citation proportions for products g
and h could arise by chance. As in Section 2.3.2.1, a 2 � 2 table C
is formed, with rows 1 and 2 indicating the split of checked and
not checked responses for products g and h respectively. Row sums
for each product are equal (R), and the data are again treated as if
arising from a comparative trial, and evaluated using the two-sided
Fisher–Irwin test as in Section 2.3.2.1. Wherever H0 is rejected at
level a in favour of H1, the line showing the difference in citation
proportions for products g and h is displayed (e.g. Fig. 5).
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Fig. 3. TCATA curves for Yogurt 1. Solid lines indicate smoothed citation proportions for
pooled from the other yogurts in the study, are shown in a lighter line weight only when Y
line is shown, the corresponding product curve is highlighted.
2.3.3. TCATA product trajectories
Given a contingency table of CATA counts with products in rows

and attributes in columns, it is possible to summarize relationships
between products and attributes using correspondence analysis
(CA), and to visualize these results in a biplot, by focusing on the
cosine of the angles between products and attributes (cf.
Meyners et al., 2013). TCATA data can be organized as many con-
tingency tables of CATA counts with products in rows and attri-
butes in columns, with one such contingency table per time slice.
If CA is conducted on the TCATA data, the product at each time slice
forms a trajectory that reveals the sensory evolution of that pro-
duct over time. The points along this trajectory are interpreted as
any static point would be in CA, by checking the cosine of the angle
between this point along the trajectory and the attributes.

In this paper, the trajectories are created by aggregating TCATA
data into a contingency table. Rows consisted of a compound vari-
able, i.e., a product at a time slice, where times started at 3 s and
onward until the end of the evaluation, at 1 s increments.
Attributes were in columns. Cells were citation frequencies. CA
was conducted using the v2 metric using code adapted from the
R package ca (Greenacre, Nenadic, & Friendly, 2014; Nenadic &
Greenacre, 2007). CA plots were constructed to visualize results.
Asymmetric maps were given, with rows in principal coordinates,
and columns in standard coordinates multiplied by the square root
of each corresponding column mass, an approach for visualizing CA
results recommended by Greenacre (2006). For background infor-
mation on CA, the interested reader is directed to Greenacre
(2007). Product trajectories for the sequence of times points were
smoothed along each dimension independently using the R func-
tion loess (Cleveland, Grosse, & Shyu, 1992). This approach for
smoothing product trajectories is analogous to the one used by
Gower, Lubbe, and Le Roux (2011, p. 119) to obtain smoothed
object trajectories in a principal component analysis biplot.
Examples of product trajectories are shown in Figs. 6 and 7.
2.3.4. Changes in selection and concurrent selections
TCATA data were investigated to understand the manner in

which attributes were checked and unchecked to characterize
Time

15 20 25 30

each of the attributes. Reference lines, which indicate citation proportions for data
ogurt 1 is considered meaningfully different from other products. Where a reference
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Fig. 4. TCATA curves for Yogurt 5. Solid lines indicate smoothed citation proportions for each of the attributes, and are highlighted when reference lines (which are shown in a
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samples in during the TCATA evaluations. We calculated the aver-
age number of citations per TCATA run. We also calculated the
average number of attributes per evaluation that were checked
then unchecked, as well as the average number of attributes per
evaluation that were checked but not unchecked.

Concurrent attribute selection was also of interest. To investi-
gate patterns of concurrent attribute selection in the data, data
prior to the initial onset were discarded, providing data on an
onset-trimmed timeline. I.e., if T is the total evaluation time, and
Ork is the end of the pre-onset time in the evaluation of product
k in run r, trimming creates unequal trimmed evaluation times of
duration T � Ork, which were then time standardized (cf. Lenfant,
Loret, Pineau, Hartmann, & Martin, 2009) to ensure that each run
was given equal weight. Using the standardized trimmed data,
we obtained a matrix indicating the number of concurrent attri-
bute citations per run at each standardized time slice from 0 to
1, in 0:001 increments. The global average indicates the average
number of attributes cited concurrently. Column averages of this
matrix indicate that proportion of attributes selected concurrently
along the average time-standardized TCATA evaluation.

2.3.5. Repeatability and agreement
Repeatability refers to the ability of an assessor to provide

consistent data across multiple evaluations (cf. Rossi, 2001).
Agreement refers to the extent to which an assessor provides data
that are similar to those provided by other assessors. One approach
for quantifying repeatability and agreement for TCATA data is
proposed. If a response for a particular product on an attribute at
a time slice is 0 or 1, and the same product, attribute, and time slice
in a different session is 0 or 1, then the observations are either
matched (1–1 or 0–0) or not matched (0–1 or 1–0). The proportion
of matches to observations will indicate similarity. Alternatively
expressed, the similarity coefficient 1� dðx; yÞ is calculated, where
dðx; yÞ denotes the average city-block distance between two
m-variate observations x and y:

dðx; yÞ ¼ 1
m

Xm

i¼1

jxi � yij: ð1Þ
The average city-block distance corresponds to the average
Manhattan distance or the average L1-distance. For binary data, it
also corresponds to the average Hamming distance (Hamming,
1950). Note that 1� dðx; yÞ is a commonly used similarity coeffi-
cient (cf. Johnson & Wichern, 2007, p. 675), and will permit quan-
tification of assessor repeatability (Section 2.3.5.1) and
reproducibility (Section 2.3.5.2).
2.3.5.1. Repeatability. To quantify the repeatability of assessor j
over S sessions (where S > 1), it is possible to calculate the average
city-block distance over all possible pairs of sessions under consid-

eration. Let p ¼ 1; . . . ; P, where P ¼ S
2

� �
, and let xp and yp refer to

the first and second session with the particular pair of sessions
containing raw binary responses for each product, attributes, and
time slice. The repeatability of assessor j is quantified

1� dRjðx; yÞ ¼ 1� 1
P

XP

p¼1

dðxp; ypÞ: ð2Þ

The result 1� dRjðx; yÞ is a proportion, which quantifies the
repeatability of assessor j. The repeatability index has a lower
bound of 0 (no repeatability) and an upper bound of 1 (perfect
repeatability).

The repeatability of a panel across sessions can also be deter-
mined using (2), where xp and yp are citation means for the panel
across all assessors, rather than raw binary responses. The range
of the repeatability index is again 0 to 1, with the same
interpretation.
2.3.5.2. Agreement. To quantify agreement between assessor j and
the other assessors on the panel, the average city-block distance
over all assessor pairs including assessor j is calculated. Let
q ¼ f1; . . . ; Jg n j, where J is the total number of assessors, and
assessor j is not in q. Let xj be the average citation selection propor-
tion for assessor j over all sessions, for each product on each attri-
bute and time slice. Let yq be the corresponding average citation
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selection proportions of the other assessors in q. The agreement of
assessor j with the other assessors can then be quantified

1� dAjðx; yÞ ¼ 1� 1
J � 1

XJ

q¼1

dðxj; yqÞ: ð3Þ

Thus 1� dAjðx; yÞ quantifies agreement, with possible values
between 0 (no agreement) to 1 (complete agreement).

3. Results

3.1. Results – single evaluation: indicator charts

Indicator charts were obtained using raw data, and used for
inspection purposes. Inspection of indicator charts showed that
the yogurt trained assessors used simultaneous selection of attri-
butes to describe the samples being evaluated. Fig. 1 shows that
the elicitation onset sequence for Yogurt 1 by Trained Assessor 1
is Sweetness, Strawberry flavour, Creamy texture, Creamy flavour,
and Fatty mouthfeel. Onset and extinction times for each attribute
are shown, as well as elicitation durations. For most of the evalua-
tion period, two or three attributes are selected concurrently;
exceptions are Sweetness (3.94–5.41 s) and Fatty mouthfeel
(24.67–30.00 s) near the start and end of the evaluation, respec-
tively, where these two attributes were the only ones checked.
Fatty mouthfeel remained checked at the end of the evaluation.
Three attributes (Artificial Flavour, Off flavour, Sourness) were not
checked at all. Four of the five attributes that were checked were
subsequently unchecked, but none of these attributes were subse-
quently checked a second time. Generally aggregated results will
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be more useful, except when assessor performance is of interest.
For brevity this will be the only indicator chart discussed in this
manuscript.
3.2. Results – aggregated evaluations

TCATA curves are given for Yogurt 1 (Fig. 3) in thick solid lines.
As described in Section 2.3.2.1, the thinner reference lines are
shown conditionally, and indicate the attribute citation propor-
tions based on pooled results for Yogurts 2–6 at times when the
difference between citation rates for Yogurt 1 and the other
yogurts is significantly different from zero. Highlighting is added
to the corresponding segments of the TCATA curves to draw atten-
tion to these differences.

If Fig. 3 were interpreted using attribute citation frequencies
alone, what would stand out are the high citation proportions for
Creamy texture up to 12 s, followed by high citation proportions
for Sourness and Strawberry flavour from 12 s to 18 s, and Fatty
mouthfeel from 18 s to the end of the evaluation.

Reference lines provide additional guidance. Creamy texture is
found to have high citation rates relative not only to other attri-
butes in the early evaluation, but also relative to other products
at that time, especially in the first 13 s. Cream flavour is cited with
high citation rates relative to the other products, whereas the high
citation rates for Sourness and Strawberry flavour in mid-evaluation
are characteristics not only of Yogurt 1 but also of other products.
The Fatty mouthfeel reference line indicates that its citation propor-
tion increases for other yogurts near the end of the evaluation as
well, although there is some suggestion that perhaps the increase
is slightly more than average for Yogurt 1. Artificial flavour is cited
with low citation proportions for Yogurt 1 almost throughout the
evaluation period, and Sweetness is cited at lower rates for
Yogurt 1 than other yogurts, especially between 20 s and 22 s.

TCATA curves are also presented for Yogurt 5 (Fig. 4), with ref-
erence lines and curve highlighting determined as described in
Section 2.3.2.1. If Fig. 4 was to be interpreted using only attribute
citation rates, the high citation proportions for Artificial flavour
would stand out. The progression seen in other secondary
attributes—especially Creamy Texture, Strawberry flavour,
Sweetness, and Fatty mouthfeel—might also be noted. The addition
of the reference lines suggests that citation proportions for Fatty
mouthfeel are not particular to this product, but rather somewhat
similar to the average of the other yogurts. There is a
short-duration surge in citation rates for Creamy Texture between
5 s and 10 s in Yogurt 5, and Sweetness is used to describe Yogurt
5 somewhat more often than the other yogurts between 17 s and
25 s. The reference lines also highlight the relatively low Sourness
citation proportion for Yogurt 5 relative to other yogurts through
the first half of the evaluation period.

The differences between Yogurts 1 and 5 are investigated fur-
ther via TCATA difference curves (Fig. 5). As expected, Yogurt 1
receives fewer citations for Artificial flavour throughout the evalu-
ation period, and has fewer Sweetness citations between 18 s and
25 s. There is some suggestion of Yogurt 1 having slightly higher
citation rates for Sourness, Strawberry flavour, and Cream flavour
than Yogurt 5 in early-, mid-, and late-evaluation, respectively;
these short-lived differences are best treated as spurious, but could
be investigated further if they were of interest.
3.3. Results – TCATA product trajectories

Yogurt trained panel data were prepared as described in
Section 2.3.3. The v2 test provides evidence that rows and columns
of the matrix are dependent (X2 ¼ 3019 on 1169 degrees of free-
dom), justifying further investigation via CA. Dimensions 1 and 2
(Fig. 6) illustrate a temporal pattern of attribute citations; the upper
left quadrant is associated with attributes that tend to be elicited
early in the evaluation (Creamy texture, Sweetness, Strawberry fla-
vour), whereas the lower right quadrant is associated with attributes
that tend to be elicited later in the evaluation (Fatty mouthfeel, Cream
flavour, Off flavour). The first dimension is mainly defined by Fatty
mouthfeel and Artificial flavour in opposition to Creamy texture,
Strawberry flavour, and Sourness. The second dimension is mainly
defined by Sourness, Off flavour, and Fatty mouthfeel and their oppo-
sition to Artificial flavour, Creamy texture, and Sweetness. All yogurts
follow a similar evolution, for example, by Creamy texture at the start
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of the evaluation and by Fatty mouthfeel towards the end, as revealed
by the somewhat parallel paths in the sensory space.

Yogurts 1 and 5 have very low and higher citation frequencies,
respectively, for Artificial flavour than would be expected if products
and attributes were independent, consistent with Figs. 4 and 5.
Both yogurts have more citations for Creamy texture, Cream flavour,
and Fatty mouthfeel in early-, mid-, and late-evaluation respec-
tively than would be expected if attributes and products were
independent. Yogurt 5 is more aligned with Sweetness and less
aligned with Sourness, while Yogurt 1 has the reverse of these
associations. Other products can be interpreted in likewise man-
ner, guided by angles between product and attribute at different
time slices along each product trajectory for interpretation.

CA provides an effective multivariate summary based on the v2

metric, but a disadvantage is that a summary view might be mis-
interpreted. Reliance only on Fig. 6 for the interpretation of
Yogurt 1 might suggest that this product receives many citations
for Off flavour; however, this is not at all true, and it just happens
that Yogurt 1 has similarities to two other products, Yogurts 3
and 4, which receive high citation frequencies for Off flavour. The
relationships between Yogurt 1 and Off flavour is clarified in
Dimension 3 (Fig. 7), in which high citations for Cream flavour is
shown to be a characteristic of this yogurt.
3.4. Results – changes in selection and concurrent selections

There were 4.35 attributes checked over the course of the aver-
age single-bite TCATA evaluation of a yogurt sample. In an average
run, 2.53 of checked attributes (58%) were subsequently
unchecked before the evaluation ended at 30 s, and 1.82 checked
attributes (42%) remained checked when the evaluation ended at
30 s. More than 95% of TCATA runs had one or more attributes still
checked when the maximum time was reached.

Times were standardized as described in Section 2.3.4, putting
each TCATA evaluation on a 0 to 1 timeline. The average number
of attributes selected concurrently within a TCATA run was deter-
mined at each standardized time slice. The number of concurrent
selections at standardized time 0 corresponds to the first onset
attribute for each TCATA run, at which, by definition, the average
number of attributes selected is 1. At its peak, there were an aver-
age 3.08 attributes selected concurrently, which occurred between
standardized times 0.35 and 0.37. Standardized time 1 corre-
sponded to the end of the evaluation, at which there were 1.86
attributes selected concurrently.

The slight discrepancy between the number of attributes that
remained checked at the end of the evaluation on the raw vs. stan-
dardized timeline occurs because in 9 of 198 TCATA runs all attri-
butes were set to a not-checked state prior to reaching the
maximum time (30 s) after which no further attributes were
checked.
3.5. Results – repeatability and agreement

Assessor repeatability was quantified as described in
Section 2.3.5.1. Trained Assessor 1 was observed to have the best
repeatability index (0.84). Trained Assessors 9 and 5 have the
lowest repeatability indices (0.69 and 0.72). The panel’s
session-to-session repeatability was 0.77.

Assessor agreement was quantified as described in
Section 2.3.5.2. The average agreement index amongst the asses-
sors was 0.72. Trained Assessor 1 was observed to have the highest
agreement index (0.74), indicating the best agreement with the
other assessors. Again, Trained Assessors 5 and 9 had the lowest
agreement with the other assessors, based on their agreement
indices (0.69 and 0.70).
4. Discussion

TCATA is a novel method for dynamic sensory characterization.
It is based on continuous selection of sensory attributes that are
considered applicable to describe samples. In the present work
the method was used by trained assessors to evaluate strawberry
yogurts. The approaches proposed for data analysis allowed
exploring different aspects of the dynamics of sensory perception.

Results presented here show that trained assessors selected
attributes concurrently, and both checked and unchecked attri-
butes to track dynamic sensory changes in products, suggesting
that they understood and could perform the task.

Indicator charts (cf. Fig. 1) allow elicitation onset and extinction
times to be reviewed visually, along with elicitation durations,
elicitation sequences, and elicitation co-occurrences. Cross-
referencing an indicator chart for a single assessor’s sample
evaluation with other results provides insight into whether the
assessor is providing a response that is similar to, or different from,
the panel. However, such a procedure would be unwieldy if there
are many TCATA runs.

TCATA curves (Figs. 3 and 4) permit visualization of aggregated
TCATA data, and enable identification of the main sensory charac-
teristics of the products at each moment of the evaluation.
Although these plots are analogous to TDS curves (cf. Pineau
et al., 2009), the following differences are highlighted:

(i) TCATA is not based on the concept of dominance: attributes
are selected according to whether they are applicable to
describe the sensory characteristics of the samples.

(ii) The TCATA task permits concurrent selections, thus the sum
of line heights may exceed 1.

(iii) There are no chance and significance lines provided for the
hypothesis test H0 : all attributes cited with equal propor-
tion versus H0 : one or more attribute citation proportions
unequal.

(iv) Rather, for each attribute and each product, the TCATA cita-
tion proportion for product k can be compared to the citation
proportions for the other products (earlier, denoted !k). A
reference line can be shown at time slices where differences
in citation proportions are significantly different from zero.

TCATA difference curves (Fig. 5) permit visualization of differ-
ences in TCATA attribute citation proportions in a manner analo-
gous to TDS difference curves (cf. Pineau et al., 2009), with line
heights in the interval (�1, 1). As with TDS difference curves, the
differences in the TCATA citation proportions are only shown at
time slices where significantly different from zero.

Note that the significance in both TCATA curves and difference
curves is determined heuristically. The objective approach is based
on the two-tailed Fisher–Irwin test. However, it must be acknowl-
edged that this test is technically flawed for such applications
because the binomial proportions being compared are not inde-
pendent (cf. Meyners & Pineau, 2010). Thus the Fisher–Irwin test
is offered only to provide descriptive guidance. Development of
randomization tests for making statistically valid inferences on
TCATA data for curves and difference curves is an area requiring
additional research.

TCATA provided valuable insights on the differences in the
dynamic sensory profiles of the yogurts. Strawberry flavour and
the taste of sweetness are congruent sensations, and influence
the perception of one another (Frank & Byram, 1988). In this study,
strawberry flavour was evaluated using two attributes: Strawberry
Flavour and Artificial Flavour, defined as natural and non-natural,
respectively, by both definition and reference (Table 1). The straw-
berry character in Yogurts 1, 3, and 4 was more frequently charac-
terized as natural than other yogurts, while Yogurts 2, 5, and 6
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were more frequently characterized as non-natural than other
yogurts (cf. Fig. 6). Generally the high citation rates for Sweetness
tended to be associated with high citation rates for strawberry fla-
vour, regardless of its natural or artificial quality; however, artifi-
cial strawberry flavour tended to maintain higher citation rates
for a longer duration (cf. Fig. 4) than natural strawberry flavour,
which was shorter lived. Thus, high (low) Sweetness citation rates
(as defined by reference lines) tended to co-occur with high
(low) Artificial Flavour citation rates (cf. Figs. 6 and 7).

Fat-reduced yogurts are often observed to have lower intensi-
ties of sweetness, butteriness, and creaminess, and potentially
higher intensities of sourness, bitterness, and astringency
(Majchrzak, Lahm, & Dürrschmid, 2010). Results from this TCATA
study, which are based on citation frequencies, are in accordance
with these observations regarding the flavours that tend to
co-occur. Significantly lower citation rates for Sourness than other
yogurts were concurrent with higher citation rates for Creamy tex-
ture and/or Fatty mouthfeel (e.g. Fig. 4), and vice versa. Yogurt 1 had
higher citation rates for Cream flavour than the other yogurts, and
also had high citation rates for Creamy Texture and Fatty mouthfeel
(see Figs. 3 and 7). When Off Flavour was cited at rates higher than
other products, it tended to co-occur with low citation rates of
Creamy texture and Fatty mouthfeel (cf. Fig. 7). In general, yogurts
without significant off-flavours in this study were perceived either
as having a creamy texture and/or a fatty mouthfeel (e.g. Fig. 3), or
as having an artificial strawberry flavour and as sweet at higher
rates for a longer duration (e.g. Fig. 4).

CA biplots (Figs. 6 and 7) provide a multivariate summary of
product characteristics and changes. TCATA data were kept in orig-
inal units, trimming data prior to 3 s due to low citation rates. The
product trajectories are obtained from a double row structure
rather than modelling product and time separately, but the inter-
pretations fit well with the individual TCATA curves.

One methodological issue with this study is the lack of instruc-
tions to assessors regarding the time of swallowing. It might be
expected that particular sensations occur prior to, concurrent with,
or following a swallowing event. Thus, a potential methodological
refinement to the method presented is to either provide direction
to assessors for swallowing (or, if permitted, expectorating) at a
specific time, or to permit assessors to indicate when the sample
is swallowed or expectorated.

Assessor repeatability, quantified in Section 3.5, straddles a
wide range. Note that repeatability can be high even in the absence
of sensory discrimination, so it requires additional information to
be actionable. Assessor agreement, also quantified in Section 3.5,
has a narrower range. No assessor stands out as providing
responses that are unusually dissimilar from the other assessors,
but it deserves mention that Trained Assessors 5 and 9 had the
lowest indices for both repeatability and agreement.

Refinement of the proposed coefficients for measuring repeata-
bility and agreement is possible. It would also be possible to inves-
tigate repeatability and agreement for individual attributes, and at
each time slice, to determine whether any assessors deviate from
the others mainly on particular attributes or at particular time
intervals. Other similarity metrics (cf. Johnson & Wichern, 2007,
p. 675) might also be considered, as well as hypothesis tests to
investigate whether assessor repeatability or agreement differs
significantly from levels that would be expected by chance.
Either these indices, or more refined versions of these indices,
could be used to facilitate panel monitoring.

In many cases attributes remained checked at the end of the
evaluation period. This phenomenon is noted in Section 3.4, and
is evident in Figs. 3 and 4, where all citation proportions do not
return to zero. One possibility is that TCATA assessors might have
found the task too demanding, and they were unable to deselect
attributes efficiently as a result. This possibility cannot be refuted
with the observed data. Another possibility that seems more plau-
sible is that the evaluation period was not long enough to follow all
sensations to extinction. A published TDS study on yogurt and
yogurt-like products (Bouteille et al., 2013) often had samples that
did not reach extinction of sensations until nearly 60 s after start-
ing the evaluation, which is more than twice as long as the time
provided to assessors in the TCATA yogurt study presented here.
Our emphasis for this study was on the important up-front attri-
butes, but in retrospect a longer evaluation time should have been
provided to permit investigation into this aspect of the TCATA
methodology, which a future study will evaluate in greater detail.

Along similar lines, a potential refinement to the TCATA method
is to make attribute selections more ephemeral in nature, where
the appearance of a selected attribute gradually fades until it
becomes obvious to the assessor that the attribute is no longer
selected. The assessor can re-endorse the same attribute if it
remains applicable. This strategy was recently introduced for TDS
(Thomas et al., 2015), where the dominant attribute selection fades
to a deselected state within 3 s. A similar modification to the
TCATA method could be investigated. One of the characteristics
of TCATA is that it permits concurrent attribute selection, which
may permit assessors to indicate sensations that are perceived
simultaneously (cf. Zwillinger & Halpern, 1991). In this study, mul-
tiple attributes were selected concurrently in many TCATA runs
and for a substantial duration, but attributes were also unchecked,
as instructed by the task. If, after having made a refinement
whereby TCATA attributes are selected ephemerally, and TCATA
assessors routinely re-endorse the same attributes repeatedly, it
would add stronger experimental evidence to indicate that asses-
sors are capable of both perceiving and expressing multiple attri-
butes concurrently.
5. Conclusions

In this paper, Temporal Check-All-That-Apply (TCATA) is intro-
duced as a new dynamic sensory method. TCATA provides a con-
tinuous time extension of CATA data collection, and builds on the
Time-Quality Tracking method (Halpern, 1991; Zwillinger &
Halpern, 1991) and the TDS method (Pineau et al., 2009) by per-
mitting concurrent selections. TCATA was used by trained asses-
sors to evaluate yogurt. Results in this paper describe the TCATA
method and illustrate some techniques for exploratory data analy-
sis, providing insights into the temporal properties of the evaluated
samples, and identifying differences amongst products in their
dynamic sensory profiles. Results show that the method has poten-
tial for characterizing products based on their sensory temporal
properties.

TCATA is an extension of CATA, which is often used with
consumers without attribute orientation. In the study reported
here, TCATA is used with a trained panel, and only brief
attribute-specific training was conducted. The authors are actively
investigating the TCATA method. Active projects include a study to
apply TCATA with consumers, to evaluate differences between
TCATA results and TDS results for the same products, as well as
between TCATA results and CATA results for the same products,
and to investigate its potential to characterize the temporal evolu-
tion of sensations in a range of food and non-food products. It is
expected that contrasting results from different methods will illu-
minate advantages and limitations of each methodology, and
increase understanding of the data that each method provides,
such that the most appropriate methodology can be selected when
designing a study.

Methodological investigations are required to understand and
mitigate potential biases. Appropriate methods for data prepro-
cessing, based on the initial onset times, could be investigated,
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and may depend on experimental protocols and also on the pro-
duct category. It is possible that assessors will have different
thresholds for checking a not-selected attribute vs. unchecking a
selected attribute, and further research could help to understand
such factors. For example, refinements of the TCATA method, such
as by making each attribute selection ephemeral, requiring asses-
sors to re-endorse attributes, could be investigated to determine
how such modifications to the task affect TCATA data.

Various elaborations on the TCATA method are possible.
Whereas instructions yielded applicability data in this study, the
instructions could be altered to focus on presence/absence of par-
ticular sensory attributes, or intensity above a baseline provided by
a memorized reference sample, especially with a trained panel, or
even dominance or noticeability. It would be possible to organize
TCATA studies in which assessor chew rates and swallowing times
are regulated or recorded, or in which multiple exposures (e.g.
multiple bites or sips) to products are tracked. Complex stimuli,
including heterogeneous products, could also be investigated using
TCATA. Improved indices could be developed to further investigate
repeatability and agreement of TCATA evaluations. Collection of
TCATA data from consumers could be supplemented with collec-
tion of liking or other consumer responses, including emotions or
purchase intention.
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