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Abstract: Consumer testing assays a panel’s liking of a food or other sensory
stimulus. However, liking can be influenced by mood, with people feeling more
uncomfortable, or more unhappy reporting lower liking ratings than those in a
higher affect. Though consumer testing typically takes place as a central location
test (CLT, usually in a set of standardized sensory booths), the COVID-19 pan-
demic has resulted in a global pivot to home use tests (HUTs), where panelists
can taste and smell samples unmasked more safely while in their own homes.
Unfortunately, as this situation differs in many ways to a central location test,
this puts the validity of longitudinal comparisons of liking scores under ques-
tion. Further, as people across the globe report feelings of worry, unease, and
stress during the pandemic, thismay present a second source of variation in affect
with previous years. We tested a set of snack bar samples both at home and in
a central location, in repeated measures with the same panel, to test the valid-
ity of comparisons across locations. We further compared CLT results to those
when testing the same samples in a previous year. Finally, we performed a meta-
analysis of existing data on this subject. While liking behavior in CLTs did not
differ between years, panelists rated some samples higher when in their own
homes, in line with results from the meta-analysis of previous reports. Interest-
ingly, panelists in the study also assigned fewer penalties in the HUT, implying
a less analytical mindset when in the home. Results suggest that care should be
taken when comparing results taken at home during the COVID-19 pandemic to
those taken previously in a central location.
Practical Application:Consumer testing is applied in the food industry to eval-
uate a panelist’s liking for a food product or stimulus. However, liking is also
dependent on factors extrinsic to the samples tested. Thus, with the switch to
in-home testing due to COVID-19, we compared liking scores from in-home and
central locations testing, with higher scores common in HUTs.
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1 INTRODUCTION

The COVID-19 pandemic has changed practices through-
out the food system. One of these is the broad pivot in
sensory testing to a lower exposure model primarily using
home use tests (HUTs), instead of the standard central
location tests (CLTs), which require panelists to convene in
a single place, usually a sensory lab. The context in which
a sample is evaluated can be vital to its perceived sensory
characteristics, or hedonic properties (reviewed byDelarue
& Lageat, 2019). Despite these testing models having fun-
damental differences, only a small amount of research has
gone into assuring that valid comparisons can be made
between results from HUTs with CLTs. When evaluating
a product at home, much of the control inherent in a sen-
sory booth is absent (ASTM, 1986). Conversely, as people
are generally more comfortable in their own home, this
may also alter how products are evaluated for their hedo-
nic properties. Historically, not all researchers agree over
whether hedonic ratings vary betweenCLTs andHUTs, put
simply, some report they do (Karin et al., 2015; Sveinsdottir
et al., 2010), some they do not (Murphy et al., 1958; Pound
et al., 2000), and some suggesting “it depends” (Boutrolle
et al., 2007; Daillant-Spinnler & Issanchou, 1995). Like-
wise, CLTsmay exhibit better capabilities in differentiating
between the specific sensory features of one sample ver-
sus another (Sveinsdottir et al., 2010), although again this
is not true of all reports (Zhang et al., 2020). While it is
certainly not considered best practice to directly compare
scores from one consumer test with another, it is also not
uncommon within the food industry to examine trends in
liking over time, or hold products up against established
liking benchmarks, or an arbitrary liking cutoff as an indi-
cator of potential performance in the marketplace.
Additionally, the COVID-19 pandemic has induced a

period of greatly increased stress (Qiu et al., 2020), depres-
sion, anxiety or other mental health-related issues (Huang
& Zhao, 2020; Wang et al, 2020), and altered sleep pat-
terns (Gupta et al., 2020; Wright Jr et al., 2020). As any of
these factors can alter sensory responses or hedonic eval-
uation (Amsterdam et al., 1987; Lv et al., 2018; Nakagawa
et al., 1996), we also sought to understand if identical prod-
ucts are viewed less (or indeed more) favorably during the
COVID-19 pandemic versus before.
Emotions in their simplest state are often considered

in terms of valence (how happy or sad one feels), and of
arousal (the degree of excitement or calmness one is expe-
riencing;Watson et al., 1999).When required to rate the lik-
ing of a stimulus, feelings of valence or arousal can there-
fore influence such ratings, for example, coping with stress
(Steptoe et al., 1995). If one is in a better mood, or in a
more relaxing environment, hedonic ratingsmay therefore
not reflect those when this is not the case. Stress, mood,

and affect are well documented to alter responses to basic
taste stimuli (Ileri-Gurel et al., 2013; Nakagawa et al., 1996;
Noel & Dando, 2015; Platte et al., 2013) meaning what we
sense is different, and not just howwe hedonically respond
to it, in times of negative affect. Taste-induced hedonic
capacity is reduced in a bout of acute depression (Will-
ner & Healy., 1994). There are also many reports of stress-
induced preference for more energy dense foods (Oliver
et al., 2000),more “snack” type foods overmore recognized
“meal” foods (Oliver &Wardle, 1999), as well as foods that
are generally found more highly palatable (see review by
Singh, 2014).
In this study, we sought to compare the results of the

same panelists, testing the same products, when in a HUT
versus in a CLT, in a consumer test of liking. Our goal
was to test whether liking patterns varied when testing in
HUTs, as many sensory labs are currently choosing to run
their testing. We also sought to gather together previous
results comparing CLTs versus HUTs in a meta-analysis,
and contrast to our own. As a secondary hypothesis, we
compared the results of a previous year’s consumer test of
the same products, using the same questionnaire, in the
same testing location as the CLT session, to provide a com-
parison with CLT results taken before COVID-19 versus
during, to assay whether hedonic responses were altered
in general this year.

2 MATERIALS ANDMETHODS

2.1 Panelists

All parts of the study concerning human subject research
were reviewed and approved by the Cornell University
Institutional Review Board for Human Subject Research,
and all work was carried out in accordance with The Code
of Ethics of the World Medical Association (Declaration of
Helsinki). Seventy nine panelists between the age of 18 and
68 took part in both tests, with identical questions deliv-
ered at home and in a central location, the same panelists
participating in both central location and at-home testing,
and the order of testing location counterbalanced. Pan-
elists had at least a week between tests, so that samples
would not be remembered, and the true purpose of the test
could be obscured. Panelists were compensated with $5 for
participating in each session. Panelists were recruited from
the Cornell University Sensory Evaluation Center through
a series of mailing lists, and were self-stated consumers
of cereal bars, with no food allergies. All panelists pro-
vided informed consent. In both sessions, a questionnaire
linkwas provided on the instruction sheet, where panelists
could follow the testing instruction and questions on an
iPad during the CLT (Apple Inc., Cupertino, CA, USA) or
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on their own device during theHUT session (full question-
naire given in supplementary document 1). Each test lasted
≈20 min, with data collected using RedJade sensory eval-
uation software (RedJade Consumer & Sensory Software,
Martinez, CA, USA). For the test in 2018, 102 panelists par-
ticipated in testing, recruited in the samemanner, andwith
the same consent procedure and questionnaire.

2.2 Samples

Three commercially available snack bars (chocolate, cin-
namon, and honey flavor) were purchased from local ven-
dors in the Ithaca, NY area, and served with identifiers
removed, in small plastic containers marked with three-
digit codes, presented in a counterbalanced order during
the evaluation. Sample bars were all from large multina-
tional brands, where production methods were presumed
to be consistent from year-to-year.

2.3 Central location test

During the CLT sessions, testing was conducted in the
Sensory Evaluation Center at Cornell University. Panelists
were provided with unsalted crackers and water for palate
cleansing, as well as napkins and a spit cup in case a sam-
ple was highly disliked. In the 2020/21 sessions, additional
cleaning supplies such as hand sanitizers and paper tow-
els were placed inside the room for panelists’ use. Due
to COVID-19-related density issues, only one panelist was
permitted into the sensory center at a time, thus the test
took place overmultiple days for the full cohort to test. Pan-
elists were instructed to cleanse their palate with unsalted
cracker and rinse their mouth with water between each
sample. The product evaluation questionnaire presented
to the panelists consisted of 9-point hedonic scales, bipo-
lar JAR scales, and visual analog questions, with prod-
uct usage and demographic questions given at the end
of the session. Additional COVID-19-related questions,
which asked about consumers’ emotions during sample
evaluation and general feelings during COVID-19, were
also presented to the panelists at the end of the 2020/21 ses-
sion. Table 1 outlines the test design, questions asked, and
type of scale used for each product.

2.4 Home use test

During the HUT session, panelists were instructed to pick-
up a sample bag prepared for the HUT containing iden-
tical samples to complete the HUT, however panelists
were unaware that samples were the same as the alternate T
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session, and the true meaning of the test was hidden. Pan-
elists were instructed to follow the same evaluation pro-
cedure as they would in the CLT session. Questions were
identical to the CLT (demographics and the non-location
specific COVID-19 questions were always asked in the first
session, either CLT or HUT), and panelists in the CLT or
the HUT completed that day’s testing in a single session.

2.5 Meta-analysis

Ameta-analysis is a statistical approach that provides inte-
grated estimated effects from a collection of studies with
the purpose of evaluating their heterogeneity, and ulti-
mately produce a synthesized finding on a set of stud-
ies (Bakbergenuly et al., 2020). Initially, meta-analysis was
a popular method in medical research, but has recently
demonstrated its utility in food-related fields, such as food
safety, food quality, and consumer perception of food prod-
ucts (Esteves & Aníbal, 2021). In a comparative analysis
with continuous subject-level data, the outcome of meta-
analysis can be measured in either mean difference (MD)
or the standardized mean difference (SMD), depending on
whether the testing results from all evaluated studies are
obtained from the same scale (Bakbergenuly et al., 2020;
Higgins et al., 2021). Responses on the 9-point hedonic
scale are usually treated as continuous rather than categor-
ical or discrete data in order to utilize more sensitive para-
metrical statistics than the non-parametric method (Lim,
2011).
An electronic search was conducted on Web of Science

and Science Direct databases following the PRISMA prin-
ciples (Krop et al., 2018; Moher et al., 2015) through the
years 2000 to 2021 using relevant search strategies: (1)”
HUT”AND “CLT”; (2)” home use test” AND “central loca-
tion test”; (3) “HUT” AND “CLT” AND “food” AND “con-
sumer testing”; (4) “home use test” AND “central location
test” AND “food” AND” consumer testing”. After remov-
ing duplicates, a total of 68 study results were obtained.
The studies were screened through the title, abstract,
and full-text based on the exclusion criteria, excluding (1)
non-home contextual environment such as virtual real-
ity (VR) environment, other natural consumption condi-
tions (restaurant, bar, airplane, canteen), modified home-
use test, evoked context and more; (2) non-blinded label
testing design; (3) did not use 9-point or 10-point hedonic
scale or lack of other necessary statistical data for meta-
analysis. A summary of the searching and exclusion crite-
ria flow chart is demonstrated in Figure 1 below.
The remaining six articles, detailing 28 subgroup stud-

ies were evaluated. Since many articles provided more
than one tested food, instead of combining these foods
(using the article as unit of analysis), subgroups based

on tested foods from the articles were separately entered
into the meta-analysis (using the subgroup within the
article as unit of analysis; Krop et al., 2018). These sub-
groups contain the same experiment repeated with dif-
ferent test foods. All studies included were collected
on 9-point hedonic scaling, except for (Boutrolle et al.,
2007), which used a 10-point hedonic scaling. Since
Boutrolle et al. (2005), results were also summarized in
Boutrolle et al. (2007); results were only counted once
(as Boutrolle et al., 2007). The forest plot from the meta-
analysis compared changes in overall liking scores of HUT
and CLT from various food products.

2.6 Data analysis

Data from 9-point hedonic scales were analyzed using a
linear mixed model, using SPSS (IBMCorp, Armonk, NY),
with a statistical cutoff of p < 0.05. Forest plot was gen-
erated from random effect meta-analysis using R metafor
package (ViechtbauerW, 2010), using previously published
data sets and data taken in this study from 2020/21. The
various (residual) heterogeneity estimators were set to use
the restricted maximum-likelihood estimation (method
= “REML”) default method when estimating τ2. Penalty
analysis was conducted using XLSTAT (Addinsoft, Paris,
FR). COVID-19-related questions were analyzed using a
series of paired-t tests. Data were analyzed with a lin-
ear mixed model built in SPSS using estimate marginal
(EM) means syntax modification adjusted with Bonfer-
roni correction. In testing where the same panelists make
multiple ratings, treating the participants as a ran-
dom effect is considered more reflective of reality when
accounting for intra-subject effects (Lahne et al., 2014).
Panelist was selected as a random effect, with fixed effects
for condition (testing location, HUT vs. CLT) and product
(three snack bars tested; chocolate, honey, cinnamon). The
interaction between testing conditions and sample types
was also evaluated in the model (score = product + con-
dition + product*condition).

3 RESULTS AND DISCUSSION

3.1 Testing location

The model showed (Table 2) a significant product effect
(p < 0.05) for overall liking, appearance liking, flavor lik-
ing, and texture liking, as would be expected for clearly dif-
ferent samples. While testing location (condition) was not
a significant factor alone, the model also showed a signifi-
cant product*condition interaction effect for overall liking
(p = 0.04), with the chocolate flavored snack bar more
liked when tested in HUT than in a CLT.
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F IGURE 1 PRISMA flow-chart of study selection procedure

TABLE 2 Linear mixed modelparameters, with degrees of freedom (df), F-statistics (F), and significance (Sig)

Measure Source Numerator df Denominator df F Sig.
Product 2 390 10.953 0.000

Overall liking condition 1 390 0.190 0.663
Product *condition 2 390 3.242 0.040
Product 2 390 7.565 0.001

Appearance liking condition 1 390 0.014 0.905
Product *condition 2 390 1.209 0.300
Product 2 390 12.727 0.000

Flavor liking condition 1 390 0.459 0.498
Product *condition 2 390 1.055 0.349
Product 2 390 7.204 0.001

Texture liking condition 1 390 0.008 0.931
Product *condition 2 390 2.202 0.112
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F IGURE 2 Violin plot of overall liking scores at different testing conditions for the three snack bars. y-axis denotes liking, 9-point scale.
Stars denote statistical significance, *p < 0.05

Table S1 in the Supporting Information summarizes the
individual mean scores with pairwise comparisons, along
with 95% confidence intervals. The mean overall liking
score of the chocolate snack bar was significantly higher
in HUT than CLT testing (mean difference = 0.456, p =
0.024). Data were visualized using R ggplot in a violin
graph in Figure 2. When included the product*panelist
effect as a random effect, the original model improved sig-
nificantly in its ability to explain the overall liking score
with product*condition interaction. The major conclu-
sions remained the same and other hedonic ratings were
not affected significantly.
Results are in line with several other reports comparing

CLT and HUTs. We sought to quantify the level of agree-
ment between all available data making such a compari-
son, with a meta-analysis of available data. When examin-
ing results of previous reports using 9-point hedonic scal-
ing and 10-point hedonic scaling of liking in HUT and
CLT schema, we saw a general shift in liking behavior
whereby users in their own home gave ratings with amean
difference of 0.41 points higher on the scale than when
in a CLT environment (Figure 3), indicated by a shift to
the right in the Forest plot, where ratings in the HUT are
higher. SMDs show the same trend, in Figure S1 in the
Supporting Information. This is in line with results from

our own study, and with that of multiple previous results
with an analogous setup (Boutrolle et al., 2007; Karin et al.,
2015; Zhang et al., 2020), although it should be noted,
this may not be the case when other factors are intro-
duced (i.e. results from the blind condition in Schouteten
et al., 2017 illustrated in Figure 3 differed when panelists
were offered an informed condition), and speculatively
may have been due to a higher level of comfort and/orwell-
being when in one’s own home versus a somewhat ster-
ile sensory booth. Whether this is the case or not, this is a
bias worth noting while home use testing remains preva-
lent, especially when aiming to make longitudinal com-
parisons with previous CLT results. Several articles have
provided qualitative summaries to compare sensory differ-
ences among CLTs and HUTs, also including other con-
textual environment (Boutrolle & Delarue, 2009; Delarue
& Boutrolle, 2010; Jaeger & Porcherot, 2017), but no paper
currently has provided a quantitative synthesis to summa-
rize the effect size between HUT and CLT in this field.
While both the mean difference (MD, Figure 3) and SMD
(Figure S1 in the Supporting Information) were used to
compute effect sizes, a similar result was found regard-
less of reporting method, indicating in general, an increas-
ingly higher overall liking score in the HUT than those of
the CLT.
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F IGURE 3 Forest plot displaying mean differences (MDs) for comparisons of HUT versus CLT overall liking scores from various food
products from each study (k = 28). As most studies provided more than one unique comparison of products, each product subgroup was
separately entered into the meta-analysis from each study. All studies were collected on 9-point hedonic scaling, except for Boutrolle et al.
(2007) on 10-point hedonic scaling. Bars in black represent liking scores significantly different between HUT and CLT setups, with grey not
significantly different, boxes to the right indicating increasingly higher scores in the HUT, with those to the left higher in the CLT. Diamond
represents the estimated pooled mean difference, indicating HUT score was generally 0.41 MD higher than that of CLT; box sizes reflect the
relative weight apportioned to studies in the meta-analysis

3.2 JAR scale measures

In line with common consumer testing practices, after lik-
ing scores of samples were measured, a series of ques-
tions on flavor, texture, and appearance were also asked
of the panelists, using JAR scales. These measures were
used in calculating penalties given to the samples, with
penalty analysis in Table S2 in the Supporting Informa-
tion and Figure 4 (for more information, see Rothman &
Parker, 2009). Interestingly, it became clear that there were
far more penalties in general applied to the same samples
when the panelists were in the CLT than when testing in
their own homes (Figure 4).
This would seem to suggest that panelists in HUTs are

in less of an analytical mindframe, possibly implying a
more relaxed attitude to testing, despite all wording in the
tests being consistent from one test to the next. Sosa et al.
(2008) previously suggested that such an effect may be
due to panelists being in a less critical mindset when at
home. This also aligns with other previous work, such as
that suggesting that the attributes of oven-baked cod loin

samples were more ably appreciated when in a CLT sit-
uation than HUTs (Sveinsdottir et al., 2010), samples of
soup were better discriminated in paired preference tests
(Miller et al., 1955), and that consumers testing chocolate
bars at home gave much fewer comments on the samples
than when in sensory booths (Karin et al., 2015). An alter-
native hypothesis for why this may occur lies in the nature
of data input in the booth versus at home. Most sensory
booths use large computer monitors and both a keyboard
and mouse, which when compared to a cellphone screen,
using touch screen inputwould require less effort for a long
answer, and would givemore accuracy in inputting precise
scaling data. However, De Bruijne andWijnant (2013) sug-
gested that data input fidelity remained high across input
device, with Visalli et al. (2016) actually suggesting supe-
rior results for a task with higher cognitive load, such as
a temporally varying rating. We would conclude from this
result that central location testingwould appear to bemore
sensitive in diagnosing specifics of a product’s attribute
liking than in home testing, and thus again care must be
taken regarding such ratings taken in a panelist’s home, as
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F IGURE 4 Penalty analysis of samples in CLT (left) versus HUT (right). Penalties (mean drops, y-axis) assigned to samples from (a) CLT
and (b) HUT, versus percent of panel (x-axis) assigning the penalty. Dashed line indicates where 20% of panel began to cite issues. Red
indicates attribute too high, blue too low. Total penalties across samples assigned in (c) CLT and (d) HUT. Black bars indicate the attributes’
penalty scores (y-axis) were significantly different from 0 (p < 0.05). Only attributes that were cited by more than 20% of panelists were tested

TABLE 3 Overall liking mean difference during COVID-19 and prior to COVID-19

95% confidence interval for difference
Sample name

Mean
difference df Sig Lower bound Upper bound

Honey bar 0.206 516.089 0.342 −0.219 0.630
Cinnamon bar 0.102 516.089 0.636 −0.322 0.527
Chocolate bar −0.409 516.089 0.059 −0.833 0.016

sensory testing is predominantly occurring during COVID.
In fact, the notion ofwhichmode bettermodels a truemea-
sure of liking is an interesting one, with panelists at home,
and in this less analytical mindframe, possiblymore reflec-
tive of the eating experience than when in the sensory lab.

3.3 Year-to-year analysis

A further hypothesis we tested was that panelists may be
experiencing a general malaise due to worry or stress over
COVID-19, affecting hedonic measures in consumer tests.
The samples tested in the testing were selected to match
those from a test in 2018, before the COVID-19 pandemic.
No statistical differences (Table 3) were observed between

liking scores for the same products from the CLT in 2018
versus testing above, suggesting that in fact that liking
scores remained consistent from year-to-year.

3.4 COVID-19-related stress

Finally, a series of questions were asked of panelists on
howconcerned theywere about a number of factors related
to COVID-19, while both in the CLT and HUT. Two-tailed
paired t-tests evaluated differences in a panelist’s attitudes
to testing in either environment (doubt, nervous, appre-
hensive, anxious, worried, comfort) during CLT and HUT.
No statistical differences were observed between the two
testing conditions in any measure (all p > 0.05; Table S3 in
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the Supporting Information), indicating that panelists are
equally comfortable in the booths versus at home.

3.5 Limitations

While the project garnered interesting results, there are
some limitations that should be discussed. First, while
we did attempt to compare results from identical sam-
ples taken in the same lab setting in a previous year, this
would not entirely decouple the effects from home testing
alone versus the effects of testing while the COVID-19 pan-
demicwas still occurring. Additionally, not all samples saw
changes from one testing location to the next. This is in
line with previously reported results, and may or may not
relate to the specific qualities of the samples. We acknowl-
edge that best practices already state that the comparison
of liking scores directly with those from another test is gen-
erally not valid, due to results only being fully valid against
scores obtained within the same test. Finally, we tested a
single food category, and such effects may not be univer-
sal. This was the original motivation for performing the
meta-analysis, where effects seemed at a reasonable level
of agreement across categories.

4 CONCLUSION

Our results imply that panelists report their liking for
products to be slightly greater when testing from home,
suggesting care should be taken in comparing such HUT
results with those from previous CLTs. Further, panelists
appeared more critical when in the sensory booth than at
home. No difference was seen between CLT scores during
COVID-19 versus before. Finally, while panelists reported
being slightly less comfortable testing in the booth versus
at home, overall they were still comfortable with their role
as panelists, assuming care was taken to assure their safety.
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