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ABSTRACT

Effects of Panelist Participation Frequency and Questionnaire Design on Overall Acceptance
Scoring for Food Sensory Evaluation in Consumer Central Location Tests

Mauresa Bastian
Department of Nutrition, Dietetics, and Food Science, BYU
Master of Science

Two studies were conducted to determine the effect of panelist participation frequency
and specific aspects of questionnaire design on overall acceptance scoring in consumer central
location tests. Regarding participation frequency, research subjects who participate frequently in
some survey types are known to provide responses that differ from subjects who participate less
frequently, known as panel conditioning. With respect to questionnaire design, overall
acceptance (OA) question placement and usage of pre-evaluation instructions (PEI) in
questionnaires for food sensory analysis may bias consumers’ scores via carry-over effects. To
investigate these concerns, data from consumer sensory panels previously conducted at a central
location, spanning 11 years and covering a broad range of food product categories, was
extracted, compiled, and analyzed.

For the first study, data was analyzed to determine evidence of panel conditioning by
measuring the effect of participation frequency on mean consumer OA scoring among frequent,
moderate, and infrequent participants. Practical significance and occurrence of panel
conditioning, defined as mean scoring differences of > 0.50 on a discrete 9-point scale hedonic
point, were examined. Results indicate that for overall acceptance, in general, mean scoring
differences were not practically significant and did not signify occurrence of panel conditioning.

For the second study, OA question placement was studied with categories designated as
first (the first evaluation question following demographic questions), after non-gustation
questions (immediately following questions that do not require panelists to taste the product),
and later (following all other hedonic and just-about-right questions, but occasionally before
ranking, open-ended comments, and/or intent to purchase questions). Additionally, each panel
was categorized as having or not having PEI in the questionnaire; PEI are instructions that
appear immediately before the first evaluation question and show panelists all attributes they will
evaluate prior to receiving test samples. Post-panel surveys were administered regarding the self-
reported effect of PEI on panelists’ evaluation experience. OA scores were analyzed and
compared (1) between OA question placement categories and (2) between panels with and
without PEIL For most product categories, OA scores tended to be lower when asked later in the
questionnaire, suggesting evidence of a carry-over effect. Usage of PEI increased OA scores by
0.10 of a 9-point hedonic scale point, which is not practically significant. Post-panel survey data
showed that presence of PEI typically improved the panelists’ experience. Using PEI does not
appear to introduce a meaningful carry-over effect.

Keywords: sensory analysis, panel conditioning, participation frequency, consumer scoring,
hedonic scale, overall acceptance, overall acceptance question placement, pre-evaluation
instructions, carry-over effect
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INTRODUCTION

Researchers in every field are faced with recruiting research participants for panels,
telephone interviews, online surveys, focus groups, or other data-gathering procedures.
Recruiting participants for these studies is often accompanied with a concern that participation
frequency creates a difference in responses (defined as a response bias) that decreases the
reliability and validity of the results (Smith and Brown 2006; Sturgis et al. 2009). The effect of
this potential response bias is called panel conditioning—a possible detrimental effect of
repeated interviewing where panelists represent average consumers less and less as they gain
more and more paneling experience, thereby altering data quality (Chang and Krosnick 2009).
Frequent usage of the same panelists, particularly for evaluating the same product, does create a
more experienced panelist, as their ability to notice particular attributes and qualities about the
product increase and they begin to view the product differently because of their frequent
exposure to it (Moskowitz et al. 2008). For example, Hoehl et al. (2013) found that untrained
panelist’s taste sensitivities improved after repeated matching, intensity, and threshold testing of
soft drinks over a period of 6 mo. However, it is unknown whether repeated panelist
participation in central location tests (CLT’s) creates differences in consumer scoring.

Lazarsfeld (1940) states the possibility that, speaking of panels examining propaganda
and promotional campaigns, repeatedly-interviewed panelists may change their opinion and
behavior; this may or may not specifically occur in food sensory evaluation, as food is consumed
daily where opinion polls are not taken daily. Potentially, frequently participating panelists may
form opinions about the test samples by comparing them to other samples from previous panels,
as opposed to basing their opinions off of their consumer experience with the test sample alone.

Consequently, aside from recruiting for specific target groups, it may be necessary to



additionally recruit new panelists and monitor current panelists’ participation frequency in order
to optimize accurate data collection. However, if frequent participation does not result in panel
conditioning in food sensory evaluation, then there is potential to save both time and money as
the continual new recruitment process is unnecessary.

Studies related to the effects of panel conditioning pertaining to online/web panels and
surveys have been conducted (Clinton 2001; Malhotra 2008; Smith and Brown 2006; Toepoel et
al. 2008; Walker ef al. 2009; Whitsett 2013). For example, respondents of web surveys who
participate at least once a month become familiar with the processes, the types of questions that
are asked, and the format/structure of the survey in contrast to respondents who have never
participated or who participate less than once a month; this results in two types of respondents:
trained and fresh (Toepoel et al. 2008). Although trained respondents are not formally trained to
participate in online and web surveys, they become informally trained in the sense that they have
gained experience from simply participating in numerous surveys over a recent or extended
period of time.

Findings that relate non-sensory panel surveys and panel conditioning often present
opposing results—many studies claim that panel conditioning is indeed a bias that affects
responses and should be regarded as a point of concern, while other studies claim that panel
conditioning is non-existent (Clinton 2001; Smith and Brown 2006; Sobol 1959; Van der
Zouwen and van Tilburg 2001; Walker et al. 2009; Warren and Halpern-Manners 2012).
Consequently, it appears that while panel conditioning may be present in some research
applications, it may not be present in others (Das et al. 2011). Because of the inconsistencies
described, Warren and Halpern-Manners (2012) suggest that researchers examine the effects of

panel conditioning within their specific area of research.



Occurrence of panel conditioning due to frequent participation in central location tests
(CLT’s) has not been studied, but other related areas of food sensory research should be noted,
such as repeat product exposure and its effect on food preference and liking. According to Koster
et al. (2003), initial food product judgements typically change after repeated exposure resulting
in a preference change, potentially due to factors such as boredom and loss of curiosity; however,
there does not appear to be a consistent pattern — repeat product exposure has been shown to both
increase and decrease product liking and preference (Hausner et al. 2012; Koster ef al. (2003);
Levy and Koster 1999; Stolzenbach ef al. 2013; Zandstra et al. 2004). Additionally, Seppa ef al.
(2013) showed that initial liking is not always a reliable predictor of later liking and product
choice. Mustonen et al. (2007) found that individuals frequently changed their cheese product
preferences during several laboratory visits over a 2 wk period. These studies all agree with a
time-preference analysis conducted by Moskowitz (2000), which suggests that repeat product
exposure alters consumer’s acceptability and interest. Similar to these studies, perhaps as
frequent participation in CLT’s increases panel and product exposure (if panels are testing the
same or similar products), shifts in hedonic scoring may occur.

Despite these previous studies, Levy and Koster (1999) found that although repeated
product exposure affected consumers’ preferred choice, hedonic scoring (ranging unacceptable
to excellent) remained relatively constant. Consequently, it is hypothesized that consumer
panelist scoring will not be affected by participation frequency in CLT’s. The objective of this
study is to determine whether a relationship exists between participation frequency and consumer

panelist scoring in CLT’s as evidence of panel conditioning.



METHODS

Data Collection

Consumer panelist data representing 880 panels spanning an 11 y period from 2001-2012,
was sorted and evaluated. Most individual panels had approximately 100 panelists; in the case of
a few exceptions, the number of panelists/panel ranged from 50 to 120. All data had been
originally collected from Brigham Young University Sensory Laboratory (Provo, Utah, U.S.A.)
using Compusense five® software (Guelph, Ontario, Canada). For all panels, panelists were
recruited from a database of students, university employees, and surrounding communities, and
were selected based on their attitude towards the product being tested (liker or neutral), their
willingness to evaluate the product being tested, and their usage of the product/brand, when
applicable. The size of the database pool was ~ 2600 participants at any given time, with the total
number of individual panelists participating over the 11 y period being ~5,000. Recruited
panelists represented approximately equal gender and age distributions, with typical age
categories as follows: under 20 y, 20-29 y, 30-39 y, 40-49 y, 50-59 y, and 60 y and older.
Panelists were paid for their participation and provided informed consent. Institutional Review
Board approval for both primary and secondary analysis of consumer data was obtained.

Panelists represented those who had participated in a panel at least once to those who
participated 71 times during a moving 3 y time period. Panelists’ frequency of panel
participation was defined by the number of separate and distinct consumer, preference, and
difference tests they participated in. While paired preference and difference test data was not
evaluated, panelist participation frequency tallies included this because researchers wanted to

capture the effect of panelists participating in all panels conducted using untrained panelists.



The only question whose scores were evaluated with respect to panelist participation
frequency was that of overall acceptance. While data from other questions was available, this one
was selected for analysis because overall acceptance scores are what researchers frequently focus
on the most. The scoring for the overall acceptance question is based on a discrete 9-point
hedonic scale, with 9 = like extremely, 8 = like very much, 7 = like moderately, 6 = like slightly,
5 = neither like nor dislike, 4 = dislike slightly, 3 = dislike moderately, 2 = dislike very much,
and 1 = dislike extremely.

Due to the large variety of products tested, general paneling procedures are described as
follows. Sample preparation, serving size, serving order design, number of samples per session,
time between samples, temperature, and lighting were all monitored under the direction of at
least one supervising researcher per panel. Panels were conducted at a central location laboratory.
Sample designs for all panels were either a completely randomized or Williams design (Mactie
et al. 1989). Serving type for all panels was either side-by-side or sequential monadic with no
sample replication. All samples in each panel were presented using appropriate containers
labeled using three-digit blinding codes. Panelists received samples via pass-through
compartments in one of seven separate booths. Fluorescent lighting using 25 Watt fluorescent
bulbs was provided, with the exception of a few panels where red lights were used to mask visual
differences. Panelists were instructed to use a bite of unsalted cracker (apple slices were
provided instead when testing whole wheat bread) and a sip of bottled water to cleanse the palate
between samples.

Data Analysis
Because this was an observational study of previously conducted panels testing a variety

of products, product categorization was required due to our not having control over the products



tested. Products were categorized based on (1) broad, yet pertinent, food categories, which
allowed for a sufficient number of panels in each product category or (2) the number of panels
within a specific product category when numerous panels (relative to the other categories) were
conducted on that specific product. Products were arranged into the following categories: baked
good, bean, condiment, dairy, drink, egg, flavored mashed potato, hash brown, meat,
miscellaneous, pasta, plain/buttery mashed potato, potato casserole, snack, and soup. The
miscellaneous category consisted of products that did not fit in the other categories and did not
comprise enough panels to be their own category; these panels were used for panelist
participation frequency tallies, but overall acceptance scoring from these panels was not
analyzed.

Total participation frequency and product-specific participation frequency were
determined for specific time intervals. Data was analyzed based on the number of panel visits of
each panelist within the following time intervals: 6 wk, 3 mo, 6 mo, 9 mo, 1 y, and 3 y, with the
maximum number of visits for each time interval being 10, 16, 25, 31, 36, and 71, respectively.
Panels were arranged in reverse chronological order pertaining to the date they were conducted.
Each individual panel was then analyzed with each specific time interval to obtain a tally of the
frequency of participation of panelists participating in that panel during the time interval prior to
that panel and their corresponding scores for the overall acceptance question. For example, for a
6 wk analysis, all panels occurring 6 wk prior to the panel being analyzed were used to calculate
the number of previous visits of each panelist who participated in the panel being analyzed. In
doing this with each panel, the time intervals shifted, as participation during 6 wk (for the 6 wk
analysis example) was based on the date the panel being analyzed occurred. This resulted in

several 6 wk time intervals moving from the date each panel was conducted to the next, in



reverse chronological order, across the 11 y period. See Table 1 for a depiction of the performed
data compilation.

Regarding total participation frequency per specific time interval, panelists were divided
into approximate thirds and categorized as infrequent, moderate, or frequent respondents based
on the number of times they had participated in any panel during the designated time period prior
to the panel being analyzed (see Table 1). Regarding product-specific participation frequency,
for each panel, panelists were divided into approximate thirds and categorized as infrequent,
moderate, or frequent respondents based on the number of times they had participated in panels
of the same product category during the designated time period prior to the panel being analyzed.
Thus, all previous panel visits of the particular product category were counted within each time
interval. At times, the number of previous visits within a time period could not be divided into
thirds because products in that specific category were not tested frequently enough. When this
occurred, the panelist participation frequencies were divided into approximate halves, resulting
in infrequent and moderate participation categories.

Statistically and practically significant differences in mean consumer scores between
participation frequency categories were evaluated, with practical significance (corresponding to
the occurrence of panel conditioning) defined as differences in mean consumer scoring of > 0.50

of a discrete 9-point scale hedonic point.



Table 1. Depiction of Data Compilation for Total Panelist Participation

All panels conducted within 6 wk prior to Panel #840

Panel #840
(Panel being Panel #839 Panel #838 Panel #837 Panel #836
analyzed)

Panelist  Panelists in Panelists in Panelists in Panelists in Panelists in
Visits #840 #840 that #840 that #840 that #840 that
Prior to participated in ~ participated in  participated in  participated in
Panel #839 #838 #837 #836
#840

1. one 1. Panelist 1 Panelist 1

2. four 2. Panelist 2 Panelist 2 Panelist 2 Panelist 2 Panelist 2

3. two 3. Panelist 3 Panelist 3 Panelist 3

4. zero 4. Panelist 4

5. two 5. Panelist 5 Panelist 5 Panelist 5

6. two 6. Panelist 6 Panelist 6 Panelist 6

7. zero 7. Panelist 7

8. two 8. Panelist 8 Panelist 8 Panelist 8

9. one 9. Panelist 9 Panelist 9
10. three 10. Panelist 10 Panelist 10 Panelist 10 Panelist 10
11. four 11.Panelist 11 Panelist 11 Panelist 11 Panelist 11 Panelist 11
12. three 12. Panelist 12  Panelist 12 Panelist 12 Panelist 12

Note: For a 6 wk time interval, all panels, inclusive of all product categories, occurring 6 wk prior
to the panel being analyzed were used to calculate the number of previous visits of each panelist
who participated in the panel being analyzed (see above depiction). The scores for the overall
acceptance question (from Panel #840) are associated with a participation frequency category,
based on the number of prior panel visits of each individual. The number of prior panel visits were
divided into thirds to categorize each individual as infrequent, moderate, or frequent. For this 6 wk
example, the participation frequency categories, divided into thirds, are as follows: Infrequent = 0-
1 prior visits, Moderate = 2 prior visits. Frequent = 3-4 prior visits. The overall acceptance scores
and the corresponding participation frequency category associated with them were derived in this
manner for every panel, moving in reverse chronological order. Once all overall acceptance scores
were derived for all 6 wk time intervals prior to each panel, the mean scores within each
participation frequency category were calculated and the mean scoring differences derived. A
similar analysis was executed for product-specific participation, with the exception that
participation frequency categories were only based on the number of product-specific panel visits
prior to the panel being analyzed, as opposed to total participation frequency, where a// panel
visits, regardless of the product, were counted.



Exceptions and Exclusions

Panel Exceptions and Exclusions. Scoring from triangle, duo-trio, paired preference, and
consumer acceptance using a line-scale panels, as well as those with less than or equal to six
products in a category, was not included in the data analysis; however, these panels were
included in the tally for panelists’ frequency of participation. All consumer panels lacking the
overall acceptance question in a 9-point hedonic format obviously had no scoring to analyze, but
were used as part of the tally for panelists’ frequency of participation. Panel data was not
included for non-food and descriptive panels. Panel data was not included for those panels that (1)
lacked participant identification, and/or (2) contained scoring/results that could not be recovered.

Panelist Exceptions and Exclusions. Panelist frequency of participation was determined
by their names as they entered them into the data collection software. Panelists who could not be
identified conclusively because of variations in name entry were not included. Panelists who
could not be identified conclusively because they were designated as “substitute panelists” were
not included.
Statistical Analysis

Statistical analysis was performed using Statistical Analysis Software version 9.3 (Cary,
North Carolina, U.S.A.). Mixed model analysis of variance, blocking on panelist identification,
was used to analyze consumer scoring and their corresponding frequency of participation. To
determine statistically significant differences between group means, the Tukey procedure was
used. For the different time interval analyses, a pseudo Bonferroni procedure was used (Richards
et al. 2013). Results were classified as statistically significant when p < 0.05. Because our
hypothesis states that there is no difference in consumer panelist scoring, regardless of

participation frequency, no adjustment was made for multiple comparisons of product categories



(i.e. a smaller p-value, p < 0.01, was not used). Using p < 0.05 made the analysis more
conservative, based on our hypothesis.
RESULTS AND DISCUSSION

Statistical analysis of the data produced 12 tables: six for each time interval measuring
total participation frequency and six for each time interval measuring product-specific
participation frequency. As all tables contained similar results, only tables containing mean
consumer scoring differences from the 1 and 3 y time intervals for total and product-specific
participation frequency are presented (see Tables 2, 3, 4, and 5). Tables from the remainder of

the time intervals are shown in Appendix A, Tables 9-16.
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Table 2. Mean Scoring Differences Between Total Participation of Infrequent, Moderate, and

Frequent Participants Over a 1 Year Time Interval

1 y Interval # Previous Panel Visits
Total Participation Infrequent: 0-6
Moderate: 7-18
Frequent: >19
# Panels  Difference of Mean Scoring Between Participation Frequency Categories
g;f(ﬁfg Infrequent - Moderate Infrequent — Frequent Moderate - Frequent
Product Category  Category Difference  P-value Difference P-value Difference ~ P-Value
Baked Good 30 -0.09 0.0121%* -0.14 <0.0001* -0.05 0.1946
Bean 43 -0.03 0.5419 -0.02 0.6977 0.01 0.9642
Condiment 20 0.06 0.5367 -0.26 <0.0001* -0.32 <0.0001*
Dairy 11 0.33 <0.0001* -0.51 <0.0001* -0.84 <0.0001*
Drink 9 0.0012 0.9999 0.04 0.8880 0.03 0.8897
Egg 16 0.27 <0.0001* -0.34 <0.0001* -0.62 <0.0001*
Flavored Mashed 66 0.13 <0.0001*  0.29 <0.0001* 0.6  <0.0001%
Potato
Hash Brown 50 -0.07 0.0445* -0.18 <0.0001* -0.11 <0.0001*
Meat 14 -0.17 0.0375% -0.27 0.0002* -0.10 0.3048
Pasta 10 0.0044 0.9974 -0.19 0.0179* -0.19 0.0086*
hiiﬁ‘éd&l‘f;f;tyo 237 0.25 <0.0001*  0.23 <0.0001*  -0.02 0.4635
Potato Casserole 89 0.07 0.0045%* 0.0038 0.9853 -0.07 0.0055%*
Snack 27 0.08 0.0759 -0.30 <0.0001* -0.38 <0.0001*
Soup 37 0.02 0.9238 -0.06 0.3144 -0.08 0.0915
*p <0.05

Note: Scoring differences were determined by subtracting infrequent from moderate, infrequent from frequent,
and moderate from frequent participants’ mean scoring of the overall acceptance question. Scoring differences
with p-values < 0.05 were considered statistically significant, as indicated by an asterisk. The scoring
differences represent differences on a discrete 9-point hedonic scale. Most individual panels represented
approximately 100 panelists; in the case of a few exceptions, the number of panelists/panel ranged from 50 to

120.
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Table 3. Mean Scoring Differences Between Total Participation of Infrequent, Moderate, and

Frequent Participants Over a 3 Year Time Interval

3 y Interval # Previous Panel Visits
Total Participation Infrequent: 0-11
Moderate: 12-40
Frequent: >41
# Panels  Difference of Mean Scoring Between Participation Frequency Categories
g;f(ﬁfg Infrequent - Moderate Infrequent — Frequent Moderate - Frequent
Product Category  Category Difference ~ P-value  Difference P-value Difference ~ P-Value
Baked Good 26 0.05 0.3637 -0.07 0.0873 -0.12 0.0005*
Bean 37 -0.08 0.0520 -0.15 <0.0001* -0.08 0.0343*
Condiment 20 -0.13 0.0632 -0.32 <0.0001* -0.19 0.0020*
Dairy 6 -0.35 0.0009* -0.64 <0.0001* -0.29 0.0079*
Drink -0.07 0.6527 -0.16 0.1454 -0.09 0.5315
Egg 12 -0.14 0.2000 -0.70 <0.0001* -0.56 <0.0001*
Flavored Mashed 60 0.20 <0.0001*  0.19 <0.0001*  -0.01 0.9493
Potato
Hash Brown 43 -0.01 0.9517 -0.13 0.0001* -0.12 <0.0001*
Meat 13 -0.31 <0.0001* -0.40 <0.0001* -0.09 0.3882
Pasta 10 0.11 0.1758 -0.05 0.7743 -0.16 0.0314*
l\i‘;ﬁ‘éd&}‘féztyo 206 0.26 <0.0001*  0.26 <0.0001* 0.0040  0.9566
Potato Casserole 56 0.10 0.0014* 0.08 0.0106* -0.02 0.6584
Snack 24 -0.07 0.3036 -0.21 <0.0001* -0.15 0.0006*
Soup 32 -0.04 0.6400 -0.09 0.0747 -0.05 0.3223
*p <0.05

Note: Scoring differences were determined by subtracting infrequent from moderate, infrequent from frequent,
and moderate from frequent participants’ mean scoring of the overall acceptance question. Scoring differences
with p-values < 0.05 were considered statistically significant, as indicated by an asterisk. The scoring
differences represent differences on a discrete 9-point hedonic scale. Most individual panels represented
approximately 100 panelists; in the case of a few exceptions, the number of panelists/panel ranged from 50 to

120.
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Table 4. Mean Scoring Differences Between Product-Specific Participation of Infrequent,
Moderate, and Frequent Participants Over a 1 Year Time Interval

ly I.nterval S Difference of Mean Scoring Between Participation Frequency Categories
Product Specific Participation Infrequent - Moderate Infrequent — Frequent Moderate - Frequent
# Panels
Product in Each # Prev19gs Difference P-value Difference P-value Difference =~ P-Value
Category Product Panel Visits
Category
Baked Good 30 Infrequent: 0 0.0 <0.0001* . - . -

Moderate: >1
Infrequent: 0
Bean 43 Moderate: 1-2 0.14 <0.0001* 0.15 <0.0001* 0.01 0.9393
Frequent: >3
Infrequent: 0

Condiment 20 Moderate: >1 -0.04 0.3824 - - - -
. Infrequent: 0 %
Dairy 11 Moderate: >1 0.63 <0.0001 - - - -
. Infrequent: 0
Drink 9 Moderate: >1 0.11 0.1041 - - - -
Infrequent: 0 *
Egg 16 Moderate: >1 0.89 <0.0001 - - - -
Flavored Infrequent: 0
Mashed 66 Moderate: 1-2 0.08 0.0073* 0.12 <0.0001* 0.04 0.2844
Potato Frequent: >3
Infrequent: 0
Hash Brown 50 Moderate: 1 0.07 0.0425%* 0.06 0.0592 -0.01 0.9652
Frequent: >2
Infrequent: 0
Meat 14 Moderate: >1 -0.07 0.2527 - - - -
. Infrequent: 0 *
Miscellaneous 23 Moderate: >1 0.19 <0.0001 - - - -
Infrequent: 0 "
Pasta 10 Moderate: >1 0.20 0.0005 - - - -
Plain/Buttery Infrequent: 0-2
Mashed 237 Moderate: 3-7 0.19 <0.0001* 0.24 <0.0001* 0.05 0.0004*
Potato Frequent: >8
Potato Infrequent: 0
89 Moderate: 1-2 -0.04 0.2127 0.03 0.4918 0.06 0.0097*
Casserole
Frequent: >3
Snack 27 Infrequent: 0= 17 <0.0001% - - . .

Moderate: >1
Infrequent: 0

Soup 37 Moderate: 1-3 -0.05 0.3977 -0.27 <0.0001* -0.22 <0.0001*
Frequent: >4

*p <0.05

Note: Scoring differences were determined by subtracting infrequent from moderate, infrequent from frequent, and
moderate from frequent participants’ mean scoring of the “overall acceptance” question. Scoring differences with
p-values < 0.05 were considered statistically significant, as indicated by an asterisk. The scoring differences
represent differences on a discrete 9-point hedonic scale. No value was obtained for dashed cells because the
number of previous visits within the time period could not be divided into thirds, as the specific product category
was not tested frequently enough. Most individual panels represented approximately 100 panelists; in the case of a
few exceptions, the number of panelists/panel ranged from 50 to 120.
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Table 5. Mean Scoring Differences Between Product-Specific Participation of Infrequent,
Moderate, and Frequent Participants Over a 3 Year Time Interval

3 y Interval Difference of Mean Scoring Between Participation Frequency Categories
Product Specific Participation Infrequent - Moderate Infrequent — Frequent Moderate - Frequent
# Panels
Product in Each # Prev1gqs Panel Difference P-value Difference P-value Difference P-Value
Category Product Visits
Category

Infrequent: 0
Baked Good 26 Moderate: 1 -0.08 0.0735 0.20 <0.0001* 0.28 <0.0001*
Frequent: >2
Infrequent: 0-1
Bean 37 Moderate: 2-3 -0.06 0.1995 -0.07 0.0735 -0.01 0.9840
Frequent: >4
Infrequent: 0

Condiment 20 Moderate: >1 -0.04 0.4342 - - - -
. Infrequent: 0
Dairy 6 Moderate: >1 -0.04 0.6969 - - - -
. Infrequent: 0 %
Drink 8 Moderate: >1 0.17 0.0125 - - - -
Infrequent: 0
Egg 12 Moderate: 1 0.89 <0.0001* 0.58 <0.0001* -0.31 0.0026*
Frequent: >2
Flavored Infrequent: 0-1
Mashed 60 Moderate: 2-4 0.08 0.0118* 0.22 <0.0001* 0.15 <0.0001*
Potato Frequent: >5
Infrequent: 0-1
Hash Brown 43 Moderate: 2-3 0.03 0.6246 -0.06 0.1014 -0.08 0.0224*
Frequent: >4
Meat 13 Inirequent: 0 -0.10 0.0779 - - - -

Moderate: >1
Infrequent: 0
Miscellaneous 14 Moderate: 1 0.29 0.0012* 0.36 <0.0001* 0.06 0.6950
Frequent: >2
Infrequent: 0

Pasta 10 Moderate: >1 0.07 0.1996 - - - -
Plain/Buttery Infrequent: 0-6
Mashed 206 Moderate: 7-17 0.18 <0.0001* 0.26 <0.0001* 0.09 <0.0001*
Potato Frequent: >18
Potato Infrequent: 0-1
56 Moderate: 2-4 0.12 0.0001* 0.06 0.0889 -0.06 0.0800
Casserole

Frequent: >5
Infrequent: 0

Snack 24 Moderate: 1 0.06 0.2839 -0.14 0.0009* -0.21 <0.0001*
Frequent: >2
Infrequent: 0-1

Soup 32 Moderate: 2-4 -0.13 0.0030* -0.33 <0.0001* -0.20 <0.0001*
Frequent: >5

*p < 0.05

Note: Scoring differences were determined by subtracting infrequent from moderate, infrequent from frequent, and
moderate from frequent participants’ mean scoring of the “overall acceptance” question. Scoring differences with p-
values < 0.05 were considered statistically significant, as indicated by an asterisk. The scoring differences represent
differences on a discrete 9-point hedonic scale. No value was obtained for dashed cells because the number of
previous visits within the time period could not be divided into thirds, as the specific product category was not
tested frequently enough. Most individual panels represented approximately 100 panelists; in the case of a few
exceptions, the number of panelists/panel ranged from 50 to 120.
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Total Participation Frequency

Over a 6 wk time interval, the smallest and largest statistically significant mean scoring
differences were 0.07 (potato casserole, where infrequent participants scored higher than
moderate) and 0.61 (pasta, where frequent participants scored higher than moderate). Over a 3
mo time interval, the smallest and largest statistically significant mean scoring differences were
0.06 (potato casserole, where frequent participants scored higher than moderate) and 0.53 (pasta,
where frequent participants scored higher than infrequent). Over a 6 mo time interval, the
smallest and largest statistically significant mean scoring differences were 0.04 (plain/buttery
mashed potato, where moderate participants scored higher than frequent) and 0.53 (egg, where
frequent participants scored higher than moderate). Over a 9 mo time interval, the smallest and
largest statistically significant mean scoring differences were 0.07 (bean, where moderate
participants scored higher than infrequent) and 0.96 (egg, where frequent participants scored
higher than moderate). Over a 1 y time interval (see Table 2), the smallest and largest statistically
significant mean scoring differences were 0.07 (hash brown, where moderate participants scored
higher than infrequent) and 0.84 (dairy, where frequent participants scored higher than moderate).
Over a 3 y time interval (see Table 3), the smallest and largest statistically significant mean
scoring differences were 0.08 (potato casserole, where infrequent participants scored higher than
frequent) and 0.70 (egg, where frequent participants scored higher than infrequent).
Product-Specific Participation Frequency

Over a 6 wk time interval, the smallest and largest statistically significant mean scoring
differences were 0.06 (potato casserole, where infrequent participants scored higher than
moderate) and 1.00 (egg, where infrequent participants scored higher than moderate). Over a 3

mo time interval, the smallest and largest statistically significant mean scoring differences were
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0.07 (plain/buttery mashed potato, where moderate participants scored higher than frequent) and
0.91 (egg, where infrequent participants scored higher than moderate). Over a 6 mo time interval,
the smallest and largest statistically significant mean scoring differences were 0.05 (plain/buttery
mashed potato, where moderate participants scored higher than frequent) and 0.84 (egg, where
infrequent participants scored higher than moderate). Over a 9 mo time interval, the smallest and
largest statistically significant mean scoring differences were 0.05 (plain/buttery mashed potato,
where moderate participants scored higher than frequent) and 0.68 (egg, where infrequent
participants scored higher than moderate). Over a 1 y time interval (see Table 4), the smallest
and largest statistically significant mean scoring differences were 0.05 (plain/buttery mashed
potato, where moderate participants scored higher than frequent) and 0.89 (egg, where infrequent
participants scored higher than moderate). Over a 3 y time interval (see Table 5), the smallest
and largest statistically significant mean scoring differences were 0.08 (flavored mashed potato,
where infrequent participants scored higher than moderate) and 0.89 (egg, where infrequent

participants scored higher than moderate).

Based on p < 0.05 for both total participation and product-specific frequency, several of
the products had mean scoring differences that were statistically significant between all
participation frequency categories within each time interval. Although data from all 12 tables
was plotted in various graphical formats, no trends or consistencies were apparent in the results.
Overall, products exhibiting the lowest statistically significant mean scoring differences were
potato product categories (flavored mashed potato, hash brown, plain/buttery mashed potato, and
potato casserole). This was not surprising, as the potato product categories comprised a large

portion of the data, totaling approximately 42% of all panels analyzed. With the amount of
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potato product panel data, the sample set was large, statistically speaking, resulting in small
scoring differences of < 0.1 of a 9-point scale hedonic point that were statistically significant;
this was apparent in many other product categories, where very small scoring differences were
deemed statistically significant due to the large data set being analyzed.

Small scoring differences, although statistically significant, are likely not practically
significant, as inherent product, panel, and panelist variability was present. Koster et al. (2003)
point out that even within the same population, it is unlikely to obtain the same scores when
running the exact same panel two different times. Due to this inherent variability, it was
necessary to define practical significance in this study. We determined scoring differences > 0.50
of a point may affect decisions of food sensory lab clientele and were thus practically significant.
Additionally, because panel conditioning in internet and face-to-face interview panels has been
determined by the presence of differences between responses of groups with differing panel
tenures (Clinton 2001; Das et al. 2011), we determined that scoring differences > 0.50 of a point,
in accordance with practical significance, would signify the occurrence of panel conditioning. As
can be seen in Figure 1, which shows the frequency distribution of mean scoring differences
between total participation of infrequent, moderate, and frequent participants over a 9 mo time
interval, the majority of mean scoring differences were <0.40 of a point. Frequency distributions
were created for all time intervals for both total and product-specific participation and contained
similar results. Thus, the 9 mo frequency distribution shown in Figure 1 is considered to be
representative of frequency distributions at all other time intervals. Frequency distributions for

all time intervals are shown in Appendix B, Figures 4-14.
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Figure 1. Frequency Distribution of Mean Scoring Differences Between Total Participation of
Infrequent, Moderate, and Frequent Participants Over a 9 Month Time Interval

Note: This represents the frequency of all mean scoring differences taken from the total participation 9
mo time interval analysis.

For total participation frequency, the average of all mean scoring differences from all
product categories between all participation frequency categories for 6 wk, 3 mo, 6 mo, 9 mo, 1
y, and 3 y time intervals was 0.02, -0.06, -0.04, -0.09, -0.08, and -0.11, respectively. Note that
negative average differences indicate that more frequently participating panelists scored higher
than less frequently participating panelists and vice versa with positive differences. For product-
specific participation frequency, the average of all mean scoring differences from all product
categories between all participation frequency categories for 6 wk, 3 mo, 6 mo, 9 mo, 1 y, and 3
y time intervals was 0.14, 0.12, 0.08, 0.08, 0.09, and 0.06, respectively. Again, note that positive
average differences indicate that less frequently participating panelists scored higher than more

frequently participating panelists. Across all time intervals for both total and product-specific
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participation, there was no apparent consistency in which participation frequency category was
scoring higher or lower than another. In averaging all mean scoring differences, as noted above,
there is a slight skew; for total participation frequency, all but one are negative, indicating that
more frequently participating panelists are scoring higher, while for product-specific
participation frequency, all are positive, indicating that less frequently participating panelists are
scoring higher. However, these averages are very small — the highest is 0.14 of a point, lending
no definite conclusion as to which, if any, participation frequency category is scoring higher or
lower than another. We are therefore lead to believe that the differences are random, exhibiting
no relationship between participation frequency categories.

Product categories having a mean scoring difference > 0.50 of a hedonic point were as
follows: egg, for ~83% of the total time intervals analyzed (total participation for 6 mo, 9 mo, 1
y, and 3 y time intervals; product-specific participation for all of the time intervals), dairy, for 75%
of the total time intervals analyzed (total participation for 3 mo, 9 mo, 1 y, and 3 y time intervals;
product-specific participation for all of the time intervals except the 3 y interval), pasta, for ~33%
of the total time intervals analyzed (total participation for 6 wk, 3 mo, 6 mo, and 9 mo time
intervals), and snack, for ~8% of the total time intervals analyzed (total participation for 3 mo
time interval). The product category exhibiting the highest statistically significant mean scoring
differences from the majority of the time intervals was thus egg, with the greatest scoring
difference in the entire analysis being from the product-specific 6 wk analysis, where infrequent
panelists scored 1.00 point higher than moderate panelists. However, only four (egg, dairy, pasta,
and snack) of the 14 product categories had mean scoring differences > 0.50 of a hedonic point
for some of the time intervals. As we see no meaningful relationship that would distinguish egg,

dairy, pasta, and snack product categories and the corresponding product variability within those
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categories from the other product categories, this scoring variability appears to be random rather
than systematic.

Tourangeau et al. (2000) and Winter (2002) suggest that response category ranges may
affect scoring in surveys. Toepoel et al. (2008) claims the following presumption exists
regarding online surveys: new respondents feel uncomfortable scoring outside of usual ranges or
selecting extreme values within the given range of response categories, whereas experienced
respondents are careless and thus more willing to select higher or lower response categories. To
investigate this claim within CLT’s, Table 6 shows the percentage of each “overall acceptance”

hedonic score (1-9) given by infrequent, moderate, and frequent panelists.

Table 6. Percentage of Hedonic Scores from All Panels
Given By Infrequent, Moderate, and Frequent Panelists

Participation Frequency Categories

Hedonic Scores

Infrequent  Moderate Frequent
1 1 1 1
2 3 3 2
3 5 5 4
4 10 10 9
5 7 6 4
6 18 20 21
7 26 28 30
8 24 22 22
9 7 5 5

Note: Hedonic scores for the “overall acceptance” question
from all panels analyzed in this study were categorized by
infrequent, moderate, and frequent panelists. For example, for
the hedonic score “5”, infrequent, moderate, and frequent
panelists scored the overall acceptability of products as “5” 7%,
6%, and 4% of the time, respectively.
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The usage of extreme hedonic scores of 1, 2, 8, and 9 (on a 9-point hedonic scale) were
compared between the three participation frequency categories. Infrequent, moderate, and
frequent participants scored in the extreme low hedonic range (combining percentages from
scores 1 and 2) 4%, 4%, and 3% of the time, respectively. On the opposite end of the scale,
infrequent, moderate, and frequent participants scored in the extreme high hedonic range
(combining percentages from scores 8 and 9) 31%, 27%, and 27% of the time, respectively.

Results from Toepoel ef al. (2008) showed that new respondents were not significantly
different from experienced respondents regarding the effect of response categories (low response,
high response, and open ended). It appeared that new and experienced respondents were
answering questions on web surveys within the same ranges, refuting the proposition that
experienced respondents are more careless in selecting values than new respondents; our results
are in line with these findings. In the low hedonic scoring range, all participation frequency
categories selected hedonic scores of 1 and 2 approximately the same amount, and in the high
hedonic scoring range, infrequent participants actually used hedonic scores of 8 and 9 four
percent more often than moderate and frequent participants, suggesting that new or infrequent
respondents are not afraid to use the whole scale range and that experienced or frequent
respondents are not more careless in selecting scores compared to new or infrequent participants.
The fact that infrequent participants used more extreme hedonic scores than moderate and
frequent participants is suggestive that more experienced panelists are not more discriminating
than less experienced panelists.

Coen et al. (2005) showed that in testing consumers’ concept of a new product in an
online survey, very experienced respondents (participating in 20 or more surveys) scored lower

than inexperienced respondents (participating in one to three surveys) on intent-to-buy questions,
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suggesting that inexperienced panelists are more positive than experienced panelists for that
specific question. Our results showed, however, that infrequent, moderate, and frequent
participants score both higher and lower than each other, with no obvious trends in either
direction as to which participation frequency group consistently scores higher or lower. It is
important to remember that scores analyzed in this study evaluated overall acceptance of food
products and not an intent-to-buy question. Despite this, Coen et al. (2005) also showed that
responses from questions about the new food concept relating consumers feelings towards the
concept, such as how appetizing it looks or if it “hits the spot”, showed that panel participation
frequency did not affect the scoring of these types of questions, which are more comparable with
the overall acceptance question in this analysis. It is therefore possible that panel conditioning in
food sensory analysis is dependent upon the type of questions panelists are asked, as has been
found in online panel and survey research (Das et al. 2011; Sturgis et al. 2009). With such
questions as intent-to-buy, panel conditioning may occur and affect scoring; on the other hand,
with questions where panelists evaluate overall acceptance (closely related to how they feel
about or how much they like a product), panel conditioning, does not appear to occur nor affect
panelist scoring, practically speaking, regardless of how many times panelists participate up to a
3 y time interval. Our results therefore suggest that panel conditioning does not occur when
infrequent participants transition to moderate or frequent participants for both total and product-
specific participation over any of the time intervals examined, when evaluating the overall
acceptance of a product in a CLT.

It should be noted that variables such as age, gender, product variability within categories,
overall acceptance question order, appropriateness of product for time of day, product usage, and

specific amount(s) of time between visits within a time interval were not accounted for,
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presenting limitations and potential confounding variables. Concerning question order, different
orders of the overall acceptance question have been found to influence consumer scoring (Earthy
et al. 1997). With respect to appropriateness of product for time of day, there were panels where
breakfast foods were served during lunch time and vice versa. This may have affected
consumer’s scores, as product appropriateness for a situation has been found to predict product
satisfaction and expected liking (Cardello et al. 2000; Gutjar et al. 2014). Regarding product
usage, heavy vs. light usage may create differences in product liking and acceptance scoring,
independent of being a product liker; repeated consumer exposure to a product (as might be if
they are a heavy user) was found to introduce a large amount of variability in liking scores
(Dalenberg et al. 2014). Perhaps the product becomes boring with heavy usage, lowering its
acceptability with repeat exposure, or perhaps the product is considered novel to light users who
have not tasted the product for a long period of time, increasing its acceptability (Moskowitz
2000). However, product usage may not have introduced a confounding variable, as Zandstra et
al. (2004) found no difference in heavy vs. light users when evaluating changes in scoring on a
7-point category scale over repeated soup exposure for 3 wk in a home-use test. Related to
consumers’ personal product usage is their frequency of recent hedonic experience in CLT’s
with a food product, such as specific amount(s) of time between visits within a time interval for a
specific product. For example, scoring differences may have been different when comparing
visits within a 6 wk time interval where one individual came twice on two consecutive days
while another individual came once at the beginning of the 6 wk and once at the end; yet, both
individuals’ scores were averaged in the same participation frequency category for this study.
There is reason to believe this may have affected our results, as Robinson et a/l. (2013) found that

(1) hedonic experience with a disappointing food (i.e. consumers’ giving the food a lower rating)
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that was infrequently consumed lowered consumers’ expected liking after 1 wk, and (2) hedonic
experience with a disappointing food that was frequently consumed lowered consumers’
expected liking after one day but not after 1 wk, suggesting that consumer liking and
acceptability scoring is affected by prior experience with the product and the recency of those
experiences. Hence, an alternative conclusion is that obvious trends and larger scoring
differences between infrequent, moderate, and frequent participants may have existed but were
masked in the averaging process when specific amounts of time between panel visits and other
possible confounding variables discussed above were not accounted for. Consequently, more
research is still required within this field to fully determine the effect and existence of panel
conditioning and its relation to participation frequency in CLT’s for consumer food sensory
evaluation.
CONCLUSION

Though several mean consumer scoring differences were statistically significant due to
the large data set, the differences were typically <0.50 of a 9-point scale hedonic point and were
not practically significant. As the majority of differences were very small and no obvious trends
within in the mean scoring differences indicated whether one participation frequency category
was scoring higher or lower than another, we attributed the observed variability to be random. In
general, total and product-specific participation frequency appear to have no effect on mean
consumer scoring for overall acceptance over time intervals of 6 wk up to 3 y in CLT’s. There

appears to be no evidence of panel conditioning.
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INTRODUCTION

Sensory evaluation plays a critical role in the food industry (Stone and others 2012). In
conducting sensory tests, it has been argued that the questionnaire is possibly the most important
component (Moskowitz and others 2003). It is therefore crucial for sensory scientists to design
questionnaires in a manner that will achieve the ultimate goal of sensory analysis—that is,
collecting true and unbiased opinions of test products from panelists (Carpenter and others 2000).
Two aspects in questionnaire design having the potential to introduce bias are question
placement/order and usage of instructions that inform panelists of what sample attributes they’ll
be evaluating.

Question order may be a large contributor to unusual or unrepeatable survey results due
to a carry-over effect, where prior question(s) can directly influence responses to subsequent
questions (Earthy and others 1997). If this occurs, potentially inaccurate or unrepresentative data
could result, which may negatively impact a food company’s business decisions regarding the
tested product. Hence, it is critical to gain a better understanding of question order and resulting
carry-over effects. Question order effects have been shown to influence consumer scoring
(Schwarz and Sudman 1992), such as in the evaluation of the overall acceptance (OA) of a food
product (Earthy and others 1997). The optimal placement of the OA question, and the effect of
other questions prior to it, has been debated (Mela 1989; Earthy and others 1997; Popper and
others 2004; Gacula and others 2008; King and others 2013). The placement of the OA question
may introduce bias and affect how consumers score the samples for that question; if other
specific attribute and just-about-right (JAR) questions are asked before the OA question, as
opposed to after it, these questions may accentuate characteristics in the product that the

consumer may not have otherwise considered, creating a potential carry-over effect on the
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scoring of the OA question (Popper and others 2004; Lawless and Heymann 2010). However,
even if the overall acceptance question is asked first before subsequent attribute questions, if
multiple samples are tested and presented sequentially, although the first sample’s scores may
not be affected, there may be carry-over effects on the other samples from the questions asked
for the first sample (Earthy and others 1997), termed first-order carry-over effects. First-order
effects, irrespective of question order, have been known to result in the first sample scoring
higher than subsequent samples (Stone and others 2012), which may lead to significant
differences being reduced or missed altogether. To compensate for this, researchers have
incorporated randomized sample serving orders (Lim 2011; Stone and others 2012); nonetheless,
this does not solve the concern regarding question order.

Other researchers have concluded that no contextual effects on OA exist - that OA can be
placed last in the questionnaire for all types of products, food and non-food related (Gacula and
others 2008). These findings are inconsistent with the studies described above; one possible
explanation for these inconsistencies is the variety of questionnaires utilized. There is no
standard questionnaire for consumer sensory questionnaires; rather, they are product and client
dependent. Perhaps this is why Meilgaard and others (2007) suggest that OA be placed where
individual researchers believe it will reflect the greatest panelist consideration, which may be
product and test-objective dependent (Moskowitz and others 2003).

No research has addressed the placement of the OA question early in the questionnaire
after non-gustation questions, such as appearance and aroma. This placement may be more
representative of how consumers initially interact with a product because they typically see and
smell the product before consuming it. Moreover, all but two of the studies included above used

dairy products for their test samples. Using a variety of test products to examine scoring
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differences of OA at different placements in a questionnaire would yield results applicable to a
broader spectrum of situations within food sensory evaluation. This study aims to investigate
these knowledge gaps. Based on the fact that the majority of the research done on this topic
indicate that carry-over effects exist in relation to OA question placement, it is hypothesized that
scoring differences between different OA question placements will occur, regardless of the
product.

The use of pre-evaluation instructions (PEI) in questionnaires is meant as an aid for
panelists to know what to expect and how they should gauge the amount of each sample to
consume based on the number of questions asked. PEI appear in the questionnaire immediately
before the first evaluation question and reveal to panelists all attributes they will evaluate prior to
receiving test samples. One concept related to PEI is the use of an outline/agenda in oral
presentations and meeting agenda, which is often recommended to provide the audience with a
concept of what will proceed; the objective of this strategy is to decrease the load placed on the
audience’s mental processes and to minimize confusion and/or feelings of being overwhelmed
(Kosslyn 2007). Similar to the effects of outlines/agendas, the effect of PEI in sensory tests may
benefit panelists. However, although intended to be useful, PEI may, but not necessarily,
introduce bias. No literature has been dedicated to the usage of PEI in food sensory evaluation
questionnaires and whether or not they introduce bias. PEI may bias responses by altering
panelist expectations; because PEI reveal the sample attributes to be evaluated in advance, this
could affect how panelists view the product, since some product attributes may be brought to
mind that may not have otherwise been considered. Regarding taste quality descriptions, it has
been found that instructions primed subjects and played a large role in the subject responses

(O’Mahony and Thompson 1977). Likewise, PEI may prime panelists and alter expectations,
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which could create a carry-over effect and influence panelist responses. This would not be
surprising, as Chapman and others (2010) states that expectations can greatly influence consumer
testing. It is therefore hypothesized that PEI will create a carry-over effect resulting in consumer
panelist response differences. The objective of this study was to determine the optimal placement
and usage of these specific questionnaire design aspects in an attempt to advance accurate data
collection techniques and minimize bias in food sensory evaluation.
MATERIALS AND METHODS

Data Collection

Consumer panelist data, spanning an 11 year period from 2001-2012, representing 721
affective panels, was analyzed. Most individual panels had between 100-110 panelists; in the
case of a few exceptions, the number of panelists per panel ranged from 50 to 120. All data had
been originally collected at Brigham Young University using Compusense five® software
(Guelph, Ontario, Canada) at a central location sensory laboratory. At any given time, the
database pool comprised ~2600 participants, recruited from local communities, university
employees, and students, based on their product liking (liker or neutral), product usage, and
willingness to evaluate the product. Panelists were recruited for each panel to represent
approximately equal gender and age distributions, with typical age categories as follows: under
20y, 20-29y, 30-39 y, 40-49 y, 50-59 y, and 60 y and older. Panelists provided informed
consent and received monetary compensation for their time. Institutional Review Board approval
was obtained for both the primary and secondary analysis of the consumer data.

Overall acceptance (OA) question placement and effect of pre-evaluation instructions
(PEI) were evaluated based on OA scores. While acceptance data from other attributes, JAR,

ranking, and intent to purchase questions was available to analyze the effect of pre-evaluation
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instructions, OA was selected for analysis because its scores offer a widely used comprehensive
estimate of the consumer’s opinion about the test product. OA question scoring was based on a
discrete 9-point hedonic scale, with 9 = like extremely, 8 = like very much, 7 = like moderately,
6 = like slightly, 5 = neither like nor dislike, 4 = dislike slightly, 3 = dislike moderately, 2 =
dislike very much, and 1 = dislike extremely. Pre-evaluation instructions varied by panel, as they
were specific to the product being tested. For example, in general, pre-evaluation instructions
may read as follows: You will evaluate the samples for Appearance and Aroma, followed by
Overall Acceptability, Flavor, Texture, Aftertaste, Amount of Butter Flavor, and Amount of Salt.
Products were arranged into categories as follows: baked good, bean, condiment, dairy,
drink, egg, flavored mashed potato, hash brown, meat, miscellaneous, pasta, plain/buttery
mashed potato, potato casserole, snack, and soup. Due to the large variety of products tested,
general procedures and protocol are described as follows. Sample preparation, serving size,
serving order design, number of samples per session, time between samples (for sequential
monadic presentations), temperature of samples, and booth lighting were all monitored under the
direction of at least one supervising researcher per panel. Sample designs for all panels consisted
of either a complete block randomized or Williams design (Macfie and others 1989). Serving
type for all panels was side-by-side or sequential monadic. All samples in each panel were
labeled using three-digit blinding codes; there was no sample replication. Panelists were served
samples via pass-through compartments in one of seven separate booths. Fluorescent lighting
using 25 Watt fluorescent bulbs was provided, except when red lights were used to mask visual
differences in a small number of panels. Panelists were instructed to consume a bite of unsalted
cracker (apple slices were provided instead when testing whole wheat bread) and a sip of filtered,

bottled water to cleanse their palate between samples.
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Panelists’ opinions on the influence of PEI regarding their evaluation responses,

completion time, ease, comfort, and confidence level were collected via a post-panel survey

(shown in Table 7) immediately following three consumer panels (~100 panelists/panel) whose

questionnaire contained PEL The products tested in these panels were in the baked good product

category.
Table 7. Post-Panel Survey Regarding Pre-evaluation Instructions
Questions Response Options
1) Did you read and understand the pre-evaluation
instructions, presented near the beginning of the o Yes
questionnaire, listing the questions and/or attributes o No (Branch to end and skip all other questions)

you would be evaluating?

2) In your opinion, how often do you participate in o Infrequently
food sensory panels? o Moderately

0 Frequently
3) How did knowing the sample attributes you were to
evaluate (e.g. appearance, aroma, overall acceptability | O Shortened completion time
etc...), as stated in the pre-evaluation instructions, o No effect on completion time
influence your completion time of the questionnaire, if | O Lengthened completion time
at all?
4) How did knowmg the sample attrl.butc.es you were to (0] Increased ease, comfort, and confidence level
evaluate, as stated in the pre-evaluation instructions,

. (0] No effect on ease, comfort, and confidence level
affect your ease, comfort, and confidence level in
. . .. (0] Decreased ease, comfort, and confidence level

completing the questionnaire, if at all?
5) Did knowing the sample attributes you were to
evaluate, as stated in the pre-evaluation instructions, (0] Yes (Branch to #7)
influence your responses to questions about those o No

attributes?

6) Comment on how you feel the pre-evaluation
instructions influenced or did not influence your
response or evaluation experience in any way. (Last
question for those answering “No” to question 5)

7) In the previous question, you indicated that
knowing the sample attributes you were to evaluate, as
stated in the pre-evaluation instructions influenced
your responses to questions about those attributes.
Please explain.
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Data Analysis

Overall Acceptance Placement. Panels were divided into one of three OA placement
categories: “first”, “after non-gustation question(s)” (ANGQ), and “later”. “First” is defined as
the OA question being the first evaluation question in the questionnaire, following demographic
questions. “ANGQ” is defined as the OA question immediately following questions in the
questionnaire that do not require the panelist to taste the product in order to answer the questions
(typically, non-gustation questions evaluate appearance and/or aroma). “Later” is defined as the
OA question being placed anywhere in the questionnaire after all other hedonic and JAR
questions, but before ranking, open-ended comments, and/or intent to purchase questions.

Because studies were inconclusive as to the optimal placement of the OA question, mean
scoring differences between the placement categories were compared, as opposed to comparing
mean scores. Mean consumer scoring of OA with all product categories combined for each OA
question placement category was calculated. These means were compared to each other to
produce scoring differences (first minus ANGQ), first minus later, and ANGQ minus later) that
were analyzed for statistical significance. Additionally, mean consumer scoring of OA for each
product category in each OA question placement category was calculated. Similar to the
combined products category, the means for each individual product category were compared to
each other to produce scoring differences (first minus ANGQ, first minus later, and ANGQ
minus later) that were analyzed for statistical significance. Essentially, the data was analyzed all
together to obtain mean consumer scoring differences for combined products put together; next,
the scores were divided by product categories and mean consumer scoring differences were

obtained for each individual product category. With the product-specific analysis, questionnaires
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for drink, hash brown, meat, and potato casserole product categories did not contain all three OA
question placement categories.

Pre-evaluation Instructions. Panels were divided into one of two panel questionnaire
categories: questionnaires that used PEI and questionnaires that did not use PEL. Mean consumer
scoring of OA for each panel questionnaire category was calculated. These means were
compared to produce a scoring difference (panels with PEI minus panels without PEI) that was
analyzed for statistical significance. Qualitative data (open-ended comment questions) of
panelists’ opinions towards PEI from the post-panel surveys was categorized into similar
response types: positive, neutral, or negative opinions regarding PEI; an additional group,
perception altered, represented comments indicating PEI altered the panelists’ perception of the
attribute evaluation.

Exceptions and Exclusions

Regarding the three pre-evaluation instruction post-panel surveys, approximately 16.5% of the
panelists participated in more than one survey; responses from the subsequent surveys of repeat
panelists’ were removed. Data from uncompleted surveys was removed, comprising
approximately 1.25% of all surveys. Open-ended comments indicating a panelist’s lack of
understanding of the pre-evaluation instructions and/or the question being asked were removed,
comprising approximately 6% of all open-ended comments.

Statistical Analysis

Statistical analysis was performed with Statistical Analysis Systems version 9.3 (Cary,
North Carolina, U.S.A.). Mixed model analysis of variance, blocking on panelist identification,
was used to analyze consumer scoring of OA. Statistically significant differences between group

means were determined using the Tukey test. Results were classified as statistically significant
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when p < 0.05 for pre-evaluation instructions and when p <0.01 for OA placement (a lower p-
value was used to adjust for multiple comparisons of product categories).
RESULTS AND DISCUSSION
Overall Acceptance Question Placement
Table 8 displays the mean scoring differences of the OA question between the three
placement categories (first minus ANGQ, first minus later, and ANGQ minus later). Figure 2

presents the mean consumer scores of the OA question for each placement category: first,

ANGQ, and later.

Table 8. Mean Scoring Differences of the Overall Acceptance Question Between First, After
Non-Gustation Question(s), and Later Overall Acceptance Question Placement Categories

# Panels/Placement Category

Mean Scoring Differences Between Overall Acceptance Placement Categories

After Non-
First Gustation Later Difference val Difference vl Difference val
Product # (1) Question(s)  (3) (1-2) p-value (1-3) p-value (2-3) p-value
Category Panelists
Combined 66,991 74 482 165 0.14 <0.0001* 0.22 <0.0001* 0.08 0.009*
products
Baked Good 2,060 9 5 16 0.10 0.40 0.08 0.3871 20.02 0.97
Bean 4,250 6 18 20 -0.05 0.73 -0.31 <0.0001* -0.26 <0.0001*
Condiment 1,513 10 9 1 0.29 0.0001%* 1.88 <0.0001* 1.59 <0.0001*
Dairy 891 3 8 2 0.89 <0.0001* 0.40 0.0673 048 0.004*
Drink 748 6 3 0 0.01 0.90 - - - -
Egg 843 4 7 5 1.14 <0.0001* 033 0.0649 0.81 <0.0001*
Flavored
Mashed Poato 6912 10 50 7 0.38 <0.0001* 0.18 0.0352 0.19 0.007*
Hash Brown 5219 0 33 17 . - - y 0.14 0.002*
Meat 1,246 7 10 0 041 <0.0001* . - . -
Pasta 933 1 5 4 -1.23 <0.0001* 0.73 <0.0001* 0.50 <0.0001*
Plain/Butter:
Moched Potatyo 26,309 3 221 31 0.04 0.91 0.17 0.1571 0.20 <0.0001*
Potato 10,104 0 52 45 - - - - -0.03 043
Casserole
Snack 2,321 8 17 2 0.12 0.16 0.99 <0.0001* 0.87 <0.0001*
Soup 3,642 2 35 1 0.27 0.05 131 <0.0001* 1.04 <0.0001*

*p-value < 0.01
Note: Mean scoring differences between the three overall acceptance placement categories were obtained by

subtracting mean overall acceptance scores of first from after non-gustation question(s), first from later, and after
non-gustation question(s) from later. Scoring differences were considered statistically significant when p < 0.01.

Scoring differences are differences on a discrete 9-point hedonic scale. No values were obtained for dashed cells

because questionnaires from drink, hash brown, meat, and potato casserole product categories did not contain all
three overall acceptance question placement categories. Most individual panels utilized about 100 panelists; for a
small number of panels, the number of panelists ranged from 50-120.
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Figure 2. Mean Overall Acceptance Scores for First, ANGQ, and Later Overall Acceptance Question Placement Categories
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Statistical significance occurred in comparing mean scores between first and ANGQ
placement categories for all product categories combined (indicated as ‘combined products’ in
Table 8 and Figure 2), as well as for condiment, dairy, egg, flavored mashed potato, meat, and
pasta product categories; statistically significant mean scoring differences ranged from 0.14
(combined products) to 1.23 (pasta). Statistical significance occurred in comparing mean scores
between first and later placement categories for combined products, bean, condiment, pasta,
snack, and soup product categories; statistically significant mean scoring differences ranged from
0.22 (combined products) to 1.88 (condiment). Statistical significance occurred in comparing
mean scores between ANGQ and later placement categories for combined products, bean,
condiment, dairy, egg, flavored mashed potato, hash brown, pasta, plain/buttery mashed potato,
snack, and soup product categories; statistically significant mean scoring differences ranged from
0.08 (combined products) to 1.59 (condiment).

The scoring differences between the OA placement categories were inconsistent across
the individual and combined product categories, suggesting the presence of product category-
specific differences. For example, some product categories showed statistically significant
scoring differences > 0.50 while the scoring differences for the combined products category was
much lower (ranging from 0.08 to 0.22). This phenomenon may be due to the fact that 65% of all
mean scoring differences (shown in Table 2) were < 0.50; combining all product categories
together, where there was a higher percentage of low scoring differences, may have masked the
higher scoring differences of the more divergent product categories with scoring differences >
0.50 (condiment, dairy, egg, pasta, snack, and soup). In other words, the combined products

category scoring differences may have been small due to a masking effect of the majority
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(product categories with smaller scoring differences) on the minority (product categories with
larger scoring differences).

No mean scoring differences were statistically significant for drink, potato casserole, and
baked good product categories. With drink and potato casserole product categories data for these
product categories did not contain panels in each of the placement categories: the drink product
category lacked data representing the later placement category; the potato casserole product
category lacked data representing the first placement category. Consequently, it is difficult to
justify any trends or patterns regarding these particular product categories with respect to carry-
over effects. For baked good, our results are supported by Gacula and others (2008), whose test
products fell into the baked good product category (wheat roll and cake) — these researchers
found a high correlation between OA asked first and overall preference asked last, meaning that
questions in between did not appear to exhibit a carry-over effect on consumers’ overall
opinion/preference. While all panelists were likers or neutral toward the tested products, perhaps
the OA scores of baked goods (from both this study and Gacula’s) were not influenced by a
carry-over effect from other questions because baked goods simply have a higher degree of
liking in general than other product categories, resulting in less opportunity for distinguishable
carry-over effects. This theory is plausible when considering the results displayed in Figure 1: in
comparing mean OA scores across all product categories, all OA question placement categories
within baked good had higher hedonic ratings than any other product category, regardless of the
question placement.

The majority of the product categories (combined products, bean, condiment, dairy, egg,
flavored mashed potato, hash brown, meat, pasta, plain/buttery mashed potato, snack and soup)

displayed statistical significance in at least one, and typically two, of the OA placement category
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scoring comparisons. Only 33% of the statistically significant mean scoring differences were
negative, meaning that the other 67% represented consumers scoring OA higher, on average,
when it was placed earlier in the questionnaire. In addition to all the product categories
mentioned at the top of this paragraph, the product categories of condiment, dairy, egg, pasta,
snack, and soup appeared to have a polarizing effect on OA scores in relation to OA placement —
each of these product categories displayed at least one, and typically two, placement category
scoring differences > 0.50. When the question was placed first compared to ANGQ, the OA
score was typically higher (across the product categories) in the first placement. When the
question was placed ANGQ compared to later, there was a slight trend across product categories
of higher OA scores in the ANGQ placement. These results are suggestive, but inconclusive due
to product category inconsistencies, that for most product categories, the further the OA question
is placed in the questionnaire, the greater the scoring differences of the OA question, and the
more evidence of a carry-over effect. This concurs with the findings of Popper and others (2004)
and King and others (2013).

In general, OA scores were highest when the question was placed first, showing that even
non-gustation questions can possibly create a carry-over effect. Although it may seem that
ANGQ placement of OA questions may be more representative of how consumers initially
interact with a product, it is evidently affecting OA scoring in some instances. By asking non-
gustation questions before OA, which resulted in lower OA scoring in the majority of the
statistically significant differences, it appears to affect and influence consumers’ OA opinion,
giving them a more negative outlook on the product overall. However, consumers are likely to
account for the product’s appearance and aroma when evaluating OA, without being asked any

ANGAQ), because vision and smell are inherently partially responsible for the overall perception of
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food (Knoop and others 2013). Thus, this supports placing the OA question first to eliminate any
unnecessary bias from ANGQ when such attributes as appearance and aroma are likely to be
accounted for in the OA scores, regardless of the presence of ANGQ.

The findings from this study concur with our hypothesis stated in the introduction that
carry-over effects will occur, as represented by differences in OA scoring at different
questionnaire placements. Indeed, it would appear that, in general, the consumers’ perception of
OA is changing with different OA question placements, resulting in lower OA scoring the further
it is placed in the questionnaire. In accordance with Helson’s adaptation-level theory with respect
to frame of reference (Helson 1947; Helson 1948), consumer scores are based off of a frame of
reference, which is likely their most recent experience with the product (Bolhuis and others
2010). Consequently, it is hypothesized that the reason we see question order carry-over effects
is that questions prior to OA change the panelist’s frame of reference from an average
consumer’s OA of the product to a more critical and discriminating panelist, who bases their
frame of reference of OA off of the specific attributes asked about in prior questions.

To reduce bias from the carry-over effect, it would seem that the best solution is to place
the OA question first. However, one researcher argued that by doing this, attribute questions
following the OA question may be biased; if panelists score OA high, they may feel the need to
be consistent and thus score all subsequent attribute questions high, and vice versa (Earthy and
others 1997). Nonetheless, because OA scores are frequently more important than individual
attribute questions, we argue that the OA question placement with the least amount of carry-over
effect on the OA question (and not other attribute questions) would be most beneficial.

Another option to consider that would eliminate any bias from the carry-over effect is

only asking the OA question in affective sensory testing, with no other attribute, JAR, or
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intensity questions. This option would not only eliminate any carry-over effect on the OA scores
when that question is placed somewhere other than first, but it would also eliminate any carry-
over effect on attribute questions following the OA question because there would be no attribute
questions. In fact, one study argues that there is no reason to ask a panelist anything but OA on
an affective/consumer panel; descriptive analysis, if specific product attributes are of concern or
interest, would be the most accurate method to collect responses unbiased by the placement of
OA in an affective panel (Earthy and others 1997).

This study does not take into account the potential confounding variable of JAR
questions. In retrospection, although the OA placement was consistent between the three
categories for all questionnaires, the questionnaires were not consistent in their content regarding
JAR questions; some questionnaires contained JAR questions while others did not. There was no
differentiation between panels that did and did not contain JAR questions — this would have
resulted in too much data subdivision, leaving an insufficient number of panels to represent each
OA placement category. The presence of JAR questions may have had an additional impact on
the OA scores where the OA question was placed later, compared to the possible carry-over
effect of only hedonic attribute questions (appearance, aroma, flavor, texture, etc.) preceding the
overall acceptance question. This possible concern is supported by Popper and others (2004),
who state that in comparing the effect of intensity, attribute liking, and JAR questions on overall
liking ratings, the JAR scale affected the ratings the most; in addition, Ares and others (2009)
found that using JAR scales typically lead to lower OA scores. However, one study found that
asking JAR questions in between an overall hedonic evaluation and an overall preference
ranking did not appear to affect the scoring of OA (Gacula and others 2008), providing

inconsistent conclusions about the effects of JAR questions on the scoring of OA. Perhaps
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Gacula and others (2008) did not find any effect of JAR questions on OA due to questionnaire
discrepancies — the OA question was placed after appearance, flavor, and texture questions. Due
to question order effects apparent in our study, with some carry-over effects occurring even as
early as ANGQ, it seems logical to assume that the attribute questions preceding the OA
acceptance question in Gacula’s study may have created a carry-over effect on the overall
acceptance scores, possibly diminishing any further observable scoring differences as a result of
subsequent JAR questions.

Although product categories varied somewhat in their number of panels, there is not a
consistent trend or correlation across the product categories between the number of panels per
placement category and whether the OA scores increase or decrease. In one study examining the
effect of JAR questions on OA (Gacula and others 2008), it ran only two consumer tests, each
with a different questionnaire, designed for an ~100-member panel. Those researchers were
obviously confident in comparing two questionnaire designs with only one 100-member panel
for each design. Consequently, it should not present a complication in this study that some
placement categories contained only one to two panels, with each panel being an ~100-member
panel. Regardless, the possibility still remains and it is unknown whether the observed scoring
differences were due to the product categories themselves or the number of panels representing
each OA placement category.

As previously stated, the general trend is that most of the scoring differences are
statistically significant, with 69% of all calculated scoring differences being statistically
significant. The statistically significant scoring differences range from 0.08 to 1.88. Because of
the wide range of scoring differences among the product categories, it would appear that the

proper placement of the OA question is product and objective dependent, which agrees with the
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opinion of Meilgaard and others (2007). However, is there a certain point in this wide range that
marks practical significance? The sensory scientist must determine for each individual situation
what is and is not practically important. Practical significance of scoring differences may depend
on the number of panelists per panel — panels with a greater number of panelists may have much
smaller scoring differences that are deemed practically significant compared to panels with a
smaller number of panelists. For example, a statistically significant scoring difference of 0.10 for
a 1000-member panel may be practically significant, while the same scoring difference for a
100-member panel is not.

Practical significance is critical and yet a challenge to define. The majority of the panels
in this study were designed for side-by-side sample presentation. According to McBride (1986),
side-by-side sample presentation promotes detection of slight differences, resulting in an over-
exaggeration of small differences being deemed practically significant. Conversely, the central
tendency effect, where panelists avoid scores at the ends of the evaluation scale, basically
converts the 9-point hedonic scale to a 7-point hedonic scale, decreasing the scale’s competency
to differentiate between product differences (Schutz and Cardello 2001). Because of the reduced
scale, small scoring differences may actually be more practically significant than are recognized.
Either viewpoint regarding practical significance is logical, but which is correct? Practically
significant scoring differences for the OA question placement could be determined by correlation
of OA scores at the different questionnaire placements with actual market success of the product.
This would reveal which placement was most similar to actual consumer opinions based off of
actual market performance. However, this type of study would be time-consuming and would
only establish practical significance for a very specific product that may or may not be applicable

to other similar products. Due to the inconsistencies from our study, we conclude that OA
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placement is product and objective dependent and should be logically determined by the sensory
scientist based on which placement best fits the needs of the panel objective.
Pre-evaluation Instructions

Figure 3 presents the results from the statistical analysis of the mean consumer scoring
difference of OA between panel questionnaires with and without PEL The scoring difference is

0.10, with a p-value of 0.0005, which is statistically significant.
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Figure 3. Mean Consumer Scoring of OA in Questionnaires With and Without PEI

Note: The mean scoring difference between the two categories was 0.10 and was obtained by subtracting
mean overall acceptance scores of questionnaires with PEI (representing 134 panels) from those without
PEI (representing 587 panels). The scoring difference was statistically significant, with a p-value of
0.0005 and a standard error of 0.06. Scores were from a discrete 9-point hedonic scale. Most individual
panels utilized about 100 panelists; for a small number of panels, the number of panelists ranged from 50-
120. Error bars are standard errors.
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Results were obtained from the post-panel surveys regarding panelist opinions of PEL
Panelists were asked to self-report their participation frequency based on previous panel visits;
21% indicated infrequent participation, 54% indicated moderate participation, and 25% indicated
frequent participation. Regarding the effect of PEI on panelist’s completion time, 40% indicated
PEI shorten completion time, 52% indicated PEI have no effect on completion time, and 8%
indicated PEI lengthen completion time; thus, for the majority of panelists, PEI gives the
perception of either shortened or no effect on completion time. In examining the effect of PEI on
panelist ease, comfort, and confidence level, 68% indicated PEI increase ease, comfort, and
confidence level, 30% indicated PEI have no effect on ease, comfort, and confidence level, and
2% indicated PEI decrease ease, comfort, and confidence level; thus, for the majority of
panelists, PEI increase ease, comfort, and confidence level. When asked whether knowing the
sample attributes to be evaluated from the PEI influenced responses to questions about those
attributes, 22% indicated PEI influenced their responses, while 78% indicated PEI did not
influence their responses; thus, the majority of panelists do not believe that PEI influence their
evaluation responses. Open-ended comments categorized as positive, negative, neutral, and
perception altered constituted 77%, 1%, 17%, and 5%, respectively.

The majority of the comments were grouped into the positive category (~72%), where
panelists expressed that PEI resulted in a more positive panel experience. These comments noted
that, in general, PEI are helpful as they inform panelists about what to expect/evaluate/look for,
allow panelists to ration samples by knowing the survey length, and increase focus, attention,
preparedness, ease, understanding of the panel objective/purpose, and awareness of attributes
(allowing panelists to feel more accurate in their responses). It was apparent that many panelists

appreciated PEI — the PEI reduced uncertainty and increased the panelists’ knowledge base of the
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evaluation proceedings. It is not surprising that most panelist comments were positive and in
favor of PEI; some people like having information about a process merely because it makes them
feel good to have more knowledge (Sorrentino and Roney 2000).

Negative comments (~1%) represented two panelists; these comments indicated that PEI
either were confusing because of the amount of text, or made the panelist nervous to know they
would be evaluating so many attributes. It is interesting to note that the latter comment was made
by a panelist who self-reported themselves as an infrequently participating panelist. This panelist
was one of four who felt that PEI decreased their ease, comfort, and confidence level, showing
that PEI do not always make the evaluation experience more positive; however, the minimal
number of negative comments suggests that, in general, panelists find PEI helpful.

Neutral comments (~16%) generally implied that PEI did not affect or influence
panelists’ evaluation experience or responses. The majority of neutral comments (77%) were
from moderately and frequently participating panelists; because they are familiar with the panel
process and typical format of the panel questionnaire, they may not always read or pay attention
to instructions, reducing the effect, if any, of PEIL. Due to their familiarity, these neutral panelists
may not find the process uncertain and do not feel the need to have the information provided in
PEI as much as an infrequent participant may.

Perception altered comments (~5%) were few in number, but implied a carry-over effect
of PEI influencing panelists’ responses. In general, these comments stated that PEI made
panelists more critical, careful, cautious, observant, and discerning, more likely to evaluate
multiple aspects at one time, develop expectations and preconceived notions before tasting the
product, make decisions with all attributes in mind, and form decisions for all attributes before

being asked each specific attribute question.
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It appears that because the mean consumer scoring difference of OA between panel
questionnaires with and without PEI is statistically significant at 0.10, PEI may lead panelists to
score OA slightly higher. This effect corresponds to the higher percentage of panelists (~72%)
who provided positive comments and were in favor of PEIL. Because they feel PEI are helpful, in
the various ways previously mentioned, it is likely that their overall panel experience is more
positive with PEI compared to without. Additionally, because a high percentage of panelists
(~68%) indicated that PEI increased their ease, comfort, and confidence level during the
evaluation, their heightened participation experience may carry over into their responses,
resulting in a slightly higher OA score.

It was predicted that PEI would act as a priming effect and alter consumer expectations,
creating carry-over effects and result in consumer response differences. Our prediction is refuted
on the basis of practical significance. Although the mean consumer scoring difference of OA
between panel questionnaires with and without PEI is statistically significant at 0.10, with PEI
leading to slightly higher OA scores, the practical significance of this difference must be
considered, as with the OA question placement. Due to the large data set, the difference of 0.10
was significant. However, it seems unlikely that a sensory client’s business decisions would be
based off of a 0.10 scoring difference, on a 9-point hedonic scale, for a 100-member panel.
Hence, PEI do not appear to be changing consumers’ product expectations in a way that
substantially (or practically) effects their scoring. This agrees with Chapman and others (2010),
who found that in testing preference for one of two identical stimuli, the majority of subjects
selected a preferred product, even after receiving explicit instructions indicating that at least 50%
of the time, the two test samples were identical. Possibly, the use of instructions is not

meaningfully impacting consumer expectations and scoring because they have not yet seen or
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tasted the test product. They do not evaluate the product at the exact time they are given
instructions, leaving no basis for a change of frame of reference — rather, they evaluate the
product and may alter any expectations as they physically come into contact with and answer
questions about the product, irrespective of any prior instructions. Our results ultimately suggest
that PEI do not create a practically significant carry-over effect; additionally, as the post-panel
survey data indicated that the majority of panelists prefer to have PEI, we recommend that PEI
be utilized in panel questionnaires because of the positive benefits it lends to panelists regarding
completion time, ease, comfort, confidence, and convenience.

In this analysis, it is assumed that nothing but the PEI is affecting the scoring of OA.
However, this assumption may not be correct. In the PEI analysis, there was no differentiation of
the OA question placement between panels that did and did not include PEI — this would have
resulted in too much subdivision, leaving an insufficient number of panels to represent each
category. As can be seen from the results of the OA question placement analysis, for some
products, the scoring of OA appears to be affected by its placement. There is thus a possibility
that the statistically significant scoring difference may have been impacted by a carry-over effect
due to different placements of the OA question and not necessarily due to a carry-over effect
from the PEI themselves.

CONCLUSION

OA question placement appears to affect consumer scoring of OA for a wide variety
product categories; generally, in most product categories, OA scores tend to be lower when
asked later in the questionnaire, suggesting that further the placement of the OA question the
greater the carry-over effects of prior questions. Consequently, to avoid biasing the OA question

from the carry-over effect, it is recommended that OA is asked first or is the only question asked.
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However, OA placement is likely product and objective dependent and may require the sensory
scientist’s best judgment for the OA placement that best fits the panel objective.
PEI resulted in higher OA scores by 0.10 of a 9-point hedonic scale; this difference is not
practically significant. Due to the majority of consumers’ opinions being in favor of PEI because
of the benefits it offers, we recommend that PEI are used as a questionnaire design strategy to
improve panelists’ experience, with little risk of PEI introducing bias and altering consumer
scoring in a meaningful way.
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APPENDIX A: MEAN SCORING DIFFERENCES

Table 9. Mean Scoring Differences Between Total Participation of Infrequent, Moderate, and

Frequent Participants Over a 6 Week Time Interval

6 wk Interval
Total Participation

# Previous Panel Visits

Infrequent: 0
Moderate: 1 to 2

Frequent: >3

# Panels Difference of Mean Scoring Between Participation Frequency Categories

I’Ii(il?:t Infrequent - Moderate Infrequent — Frequent Moderate - Frequent

Product Category ~ Category Difference P-value Difference P-value Difference  P-Value
Baked Good 30 0.20 <0.0001* 0.08 0.0593 -0.12 <0.0001*

Bean 44 0.24 <0.0001* 0.19 <0.0001* -0.06 0.0706
Condiment 20 -0.12 0.0728 -0.41 <0.0001* -0.29 <0.0001*
Dairy 13 0.09 0.3042 0.44 <0.0001* 0.36 <0.0001*

Drink 9 0.02 0.9709 0.08 0.5936 0.06 0.6666

Egg 16 0.14 0.1321 0.09 0.4423 -0.05 0.6964

Flavored Mashed ¢ 023 <0.0001* 025  <0.0001* 0.2 0.5737

Potato

Hash Brown 50 -0.05 0.2353 0.16 <0.0001* -0.12 <0.0001*

Meat 17 0.38 <0.0001* 0.29 <0.0001* -0.09 0.3329
Miscellaneous 23 0.08 0.1279 -0.14 0.0019%* -0.22 <0.0001*
Pasta 10 0.03 0.9088 -0.58 <0.0001* -0.61 <0.0001*

hﬁ;‘;‘ég;ﬁfgo 255 0.09 <0.0001* 0.10 <0.0001* 0.01 0.4656

Potato Casserole 94 0.07 0.0105* 0.03 0.4133 -0.04 0.1413
Snack 27 -0.03 0.6594 -0.41 <0.0001* -0.38 <0.0001*

Soup 37 0.02 0.9278 0.03 0.7551 0.01 0.9125

*p <.05

Note: Scoring differences were determined by subtracting infrequent from moderate, infrequent from
frequent, and moderate from frequent participants’ scoring of the “overall acceptance” question.
Scoring differences with p-values <0.05 were considered statistically significant, as indicated by an
asterisk. The scoring differences represent differences on a discrete 9-point hedonic scale. Most
individual panels represented approximately 100 panelists; in the case of a few exceptions, the number
of panelists/panel ranged from 50 to 120.
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Table 10. Mean Scoring Differences Between Total Participation of Infrequent, Moderate, and
Frequent Participants Over a 3 Month Time Interval

3 mo Interval # Previous Panel Visits
Total Infrequent: 0-2
Participation Moderate: 3-5

Frequent: >6

#Panels  Difference of Mean Scoring Between Participation Frequency Categories

giﬁfg Infrequent - Moderate Infrequent — Frequent Moderate - Frequent
Product Category ~ Category  Difference P-value Difference P-value Difference ~ P-Value
Baked Good 30 0.07 0.0543 -0.12 0.0008* -0.19 <0.0001*
Bean 44 -0.11 0.0003* -0.13 <0.0001* -0.02 0.7467
Condiment 20 -0.24 <0.0001* -0.40 <0.0001* -0.16 0.0176
Dairy 13 0.18 0.0043* 0.48 <0.0001%* 0.30 <0.0001*
Drink 9 -0.23 0.0188 0.08 0.5240 0.31 0.0004*
Egg 16 0.07 0.5628 -0.32 <0.0001* -0.39 <0.0001*
Flavored Mashed 66 0.09 0.0017* 0.24 <0.0001* 0.15 <0.0001*
Potato
Hash Brown 50 -0.11 0.0002* -0.22 <0.0001* -0.11 0.0002*
Meat 16 0.18 0.0260 -0.04 0.7558 -0.22 0.0062*
Miscellaneous 23 -0.15 0.0001* 0.30 <0.0001* -0.15 0.0059*
Pasta 10 -0.43 <0.0001* -0.53 <0.0001* -0.10 4636
o/ Buttery 253 0.7  <0.0001* 0.9  <0.0001* 0.2 0.1828
Potato Casserole 92 0.03 0.4404 -0.03 0.3927 -0.06 0.0416
Snack 27 -0.26 <0.0001* -0.50 <0.0001* -0.24 <0.0001*
Soup 37 0.01 0.9910 0.01 0.9847 0.0008 0.9998
*p <.05

Table 10. Scoring differences were determined by subtracting infrequent from moderate, infrequent
from frequent, and moderate from frequent participants’ mean scoring of the “overall acceptance”
question. Scoring differences with p-values <0.05 were considered statistically significant, as
indicated by an asterisk. The scoring differences represent differences on a discrete 9-point
hedonic scale. Most individual panels represented approximately 100 panelists; in the case of a
few exceptions, the number of panelists/panel ranged from 50 to 120.
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Table 11. Mean Scoring Differences Between Total Participation of Infrequent, Moderate, and
Frequent Participants Over a 6 Month Time Interval

6 mo Interval

# Previous Panel Visits

Total Infrequent: 0-3
Participation Moderate: 4-9
Frequent: >10
# Panels  Difference of Mean Scoring Between Participation Frequency Categories
giﬁfg Infrequent - Moderate Infrequent — Frequent Moderate - Frequent
Product Category ~ Category  Difference  P-value  Difference P-value Difference P-Value
Baked Good 30 -0.10 0.0041* -0.01 0.9876 0.09 0.0043*
Bean 44 -0.12 0.0002* -0.13 <0.0001* -0.01 0.9193
Condiment 20 -0.05 0.5893 -0.29 <0.0001* -0.24 <0.0001*
Dairy 12 0.11 0.2595 0.36 <0.0001* 0.25 0.0005*
Drink 9 0.06 0.7213 0.08 0.5206 0.02 0.9697
Egg 16 0.25 0.0005* -0.28 <0.0001* -0.53 <0.0001*
Flavored Mashed 66 0.10 0.0006* 0.26 <0.0001* 0.15 <0.0001*
Potato
Hash Brown 50 -0.08 0.0099* -0.17 <0.0001* -0.09 0.0030*
Meat 16 0.13 0.1288 -0.07 0.5308 -0.20 0.0062*
Miscellaneous 23 0.20 <0.0001* -0.02 0.9245 -0.21 <0.0001*
Pasta 10 0.01 0.9954 -0.46 <0.0001* -0.47 <0.0001*
o/ Buttery 243 0.17  <0.0001* 020  <0.0001* 0.4 0.0176
Potato Casserole 89 0.08 0.0018* 0.03 0.4807 -0.05 0.0432
Snack 27 0.06 0.2223 -0.28 <0.0001* -0.35 <0.0001*
Soup 37 -0.05 0.4793 -0.09 0.0424 -0.04 0.4441
*p <.05

Note: Scoring differences were determined by subtracting infrequent from moderate, infrequent
from frequent, and moderate from frequent participants’ mean scoring of the “overall acceptance”
question. Scoring differences with p-values <0.05 were considered statistically significant, as
indicated by an asterisk. The scoring differences represent differences on a discrete 9-point hedonic

scale. Most individual panels represented approximately 100 panelists; in the case of a few
exceptions, the number of panelists/panel ranged from 50 to 120.
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Table 12. Mean Scoring Differences Between Total Participation of Infrequent, Moderate, and

Frequent Participants Over a 9 Month Time Interval

9 mo Interval

# Previous Panel Visits

Total Infrequent: 0-5
Participation Moderate: 6-14
Frequent: >15
# Panels  Difference of Mean Scoring Between Participation Frequency Categories
giﬁfg Infrequent - Moderate Infrequent — Frequent Moderate - Frequent
Product Category  Category Difference  P-value  Difference P-value Difference ~ P-Value
Baked Good 30 -0.01 0.9784 -0.04 0.5556 -0.03 0.6244
Bean 44 -0.07 0.0370 -0.11 0.0005* -0.04 0.4027
Condiment 20 0.01 0.9817 -0.27 <0.0001* -0.28 <0.0001*
Dairy 12 0.40 <0.0001* -0.26 0.0023* -0.66 <0.0001*
Drink 9 0.15 0.1481 0.14 0.1539 -0.01 0.9975
Egg 16 0.54 <0.0001* -0.42 <0.0001* -0.96 <0.0001*
Flavored Mashed 66 0.09 0.0015% 0.26 <0.0001* 0.17 <0.0001*
Potato
Hash Brown 50 -0.08 0.0139* -0.20 <0.0001* -0.12 <0.0001*
Meat 14 -0.07 0.5509 -0.28 0.0002* -0.20 0.0096*
Miscellaneous 23 0.17 <0.0001* -0.08 0.1626 -0.25 <0.0001*
Pasta 10 0.16 0.0265 -0.45 <0.0001* -0.61 <0.0001*
plaBatery 4 022 <0.0001* 0.9  <0.0001*  -0.03 0.0815
Potato Casserole 89 0.08 0.0022* 0.03 0.3315 -0.04 0.1226
Snack 27 0.06 0.1883 -0.30 <0.0001* -0.37 <0.0001*
Soup 37 0.01 0.9764 -0.08 0.1156 -0.09 0.0399
*p< .05

Note: Scoring differences were determined by subtracting infrequent from moderate, infrequent
from frequent, and moderate from frequent participants’ mean scoring of the “overall acceptance”
question. Scoring differences with p-values <0.05 were considered statistically significant, as
indicated by an asterisk. The scoring differences represent differences on a discrete 9-point
hedonic scale. Most individual panels represented approximately 100 panelists; in the case of a
few exceptions, the number of panelists/panel ranged from 50 to 120.
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Table 13. Mean Scoring Differences Between Product-Specific Participation of Infrequent,
Moderate, and Frequent Participants Over a 6 Week Time Interval

6 wk Interval

Product Specific Participation

Difference of Mean Scoring Between Participation Frequency Categories

Infrequent - Moderate

Infrequent — Frequent Moderate - Frequent

Product # Pancls in # Previous
Categor Each Pancl Visits Difference P-value Difference P-value Difference  P-Value
gory Category
Infrequent: 0
Baked Good 30 Moderate: >1 0.04 0.1188 - - - -
Infrequent: 0 *
Bean 44 Moderate: > 1 0.08 0.0025 - - - -
. Infrequent: 0 *
Condiment 20 Moderate: >1 -0.14 0.0090 - - - -
. Infrequent: 0 %
Dairy 13 Moderate: 1 0.68 <0.0001 - - - -
. Infrequent: 0
Drink 9 Moderate: >1 0.11 0.1041 - - - -
Infrequent: 0 *
Egg 16 Moderate: >1 1.00 <0.0001 - - - -
Flavored Infrequent: 0 "
Mashed Potato 67 Moderate: >1 0.06 0.0075 ) . ) )
Infrequent: 0 "
Hash Brown 50 Moderate: >1 0.15 <0.0001 - - - -
Infrequent: 0 *
Meat 17 Moderate: >1 0.19 0.0009 - - - -
. Infrequent: 0 "
Miscellaneous 23 Moderate: >1 0.19 <0.0001 - - - -
Infrequent: 0 "
Pasta 10 Moderate: 1 0.21 0.0007 - - - -
. Infrequent: 0
1\21111 lj‘}‘,t;f;fo 255 Moderate: 1 0.14 <0.0001* 0.12 <0.0001%  -0.02 0.5287
Frequent: >2
Infrequent: 0 *
Potato Casserole 94 Moderate: >7 0.06 0.0019 - - - -
Infrequent: 0
Snack 27 Moderate: >1 0.01 0.7258 - - - -
Infrequent: 0
Soup 37 Moderate: 1 -0.02 0.8242 -0.06 0.1949 -0.04 0.6399
Frequent: >2
*p <.05

Note: Scoring differences were determined by subtracting infrequent from moderate, infrequent from
frequent, and moderate from frequent participants’ mean scoring of the “overall acceptance” question.
Scoring differences with p-values <0.05 were considered statistically significant, as indicated by an
asterisk. The scoring differences represent differences on a discrete 9-point hedonic scale. Bolded value
indicates a mean scoring difference >1.00 point. No value was obtained for dashed cells because the
number of previous visits within the time period could not be divided into thirds, as the specific product
category was not tested frequently enough. Most individual panels represented approximately 100
panelists; in the case of a few exceptions, the number of panelists/panel ranged from 50 to 120.



Table 14. Mean Scoring Differences Between Product-Specific Participation of Infrequent,
Moderate, and Frequent Participants Over a 3 Month Time Interval

3 mo Interval

Product Specific Participation

Difference of Mean Scoring Between Participation Frequency Categories

Infrequent - Moderate

Infrequent — Frequent Moderate - Frequent

# Panels in
Product Each # Previous Difference P-value Difference P-value Difference P-Value
Category Category Panel Visits
Infrequent: 0
Baked Good 30 Moderate: >1 0.01 0.5729 - - - -
Infrequent: 0
Bean 44 Moderate: >1 0.04 0.1129 - - - -
. Infrequent: 0
Condiment 20 Moderate: >1 -0.10 0.0575 - - - -
. Infrequent: 0 %
Dairy 13 Moderate: >1 0.65 <0.0001 - - - -
. Infrequent: 0
Drink 9 Moderate: >1 0.11 0.1041 - - - -
Infrequent: 0 *
Egg 16 Moderate: >1 0.91 <0.0001 - - - -
Flavored Infrequent: 0
66 Moderate: 1 0.10 0.0002* 0.08 0.0048* -0.02 0.7152
Mashed Potato
Frequent: >2
Infrequent: 0 "
Hash Brown 50 Moderate: >1 0.11 <0.0001 - - - -
Infrequent: 0 %
Meat 16 Moderate: >1 0.19 0.0008 - - - -
. Infrequent: 0 "
Miscellaneous 23 Moderate: >1 0.18 <0.0001 - - - -
Infrequent: 0 *
Pasta 10 Moderate: >1 0.21 0.0007 - - - -
. Infrequent: 0
Plain/Buttery 253 Moderate: 1 0.18 <0.0001* 0.25 <0.0001%* 0.07 <0.0001*
Mashed Potato
Frequent: >2
Infrequent: 0
Potato Casserole 92 Moderate: 1 0.0014 0.9978 0.04 0.2206 0.04 0.3427
Frequent: >2
Infrequent: 0
Snack 27 Moderate: >1 -0.04 0.1854 - - - -
Infrequent: 0
Soup 37 Moderate: 1 -0.0038 0.9953 -0.09 0.0198 -0.09 0.0965
Frequent: >2
*p <0.05

Note: Scoring differences were determined by subtracting infrequent from moderate, infrequent from frequent, and
moderate from frequent participants’ mean scoring of the “overall acceptance” question. Scoring differences with
p-values <0.05 were considered statistically significant, as indicated by an asterisk. The scoring differences
represent differences on a discrete 9-point hedonic scale. No value was obtained for dashed cells because the
number of previous visits within the time period could not be divided into thirds, as the specific product category
was not tested frequently enough. Most individual panels represented approximately 100 panelists; in the case of a
few exceptions, the number of panelists/panel ranged from 50 to 120.
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Table 15. Mean Scoring Differences Between Product-Specific Participation of Infrequent,
Moderate, and Frequent Participants Over a 6 Month Time Interval

6 mo Interval

Product Specific Participation

Difference of Mean Scoring Between Participation Frequency Categories

Infrequent - Moderate

Infrequent — Frequent Moderate - Frequent

# Panels in
Product Each # Previous Panel Difference P-value Difference P-value Difference =~ P-Value
Category Category Visits
Infrequent: 0
Baked Good 30 Moderate: >1 -0.01 0.6249 - - - -
Infrequent: 0
Bean 44 Moderate: 1 0.14 <0.0001* 0.06 0.1131 -0.08 0.0384
Frequent: >2
Condiment 20 Infrequent: 0 0.12 0.0152 - . . -
© ¢ Moderate: >1 ’ ’
. Infrequent: 0 %
Dairy 12 Moderate: >1 0.58 <0.0001 - - - -
. Infrequent: 0
Drink 9 Moderate: >1 0.11 0.1041 - - - -
Infrequent: 0 *
Egg 16 Moderate: >1 0.84 <0.0001 - - - -
Flavored Infrequent: 0
66 Moderate: 1 0.08 0.0101%* 0.07 0.0149* -0.01 0.8777
Mashed Potato .
Frequent: >2
Infrequent: 0 *
Hash Brown 50 Moderate: >1 0.07 0.0012 - - - -
Infrequent: 0
Meat 16 Moderate: >1 0.05 0.3482 - - - -
. Infrequent: 0 %
Miscellaneous 23 Moderate: >1 0.15 <0.0001 - - - -
Infrequent: 0 "
Pasta 10 Moderate: >1 0.26 <0.0001 - - - -
. Infrequent: 0-1
Plain/Buttery 243 Moderate: 2-4 0.18 <0.0001* 0.23 <0.0001* 0.05 0.0008*
Mashed Potato
Frequent: >5
Potato Infrequent: 0
89 Moderate: 1 -0.01 0.8887 0.04 0.0964 0.05 0.0634
Casserole
Frequent: >2
Infrequent: 0 "
Snack 27 Moderate: >1 -0.12 <0.0001 - - - -
Infrequent: 0
Soup 37 Moderate: 1-2 -0.04 0.6160 -0.21 <0.0001* -0.17 <02001
Frequent: >3
*p <0.05

Note: Scoring differences were determined by subtracting infrequent from moderate, infrequent from
frequent, and moderate from frequent participants’ mean scoring of the “overall acceptance” question.
Scoring differences with p-values <0.05 were considered statistically significant, as indicated by an
asterisk. The scoring differences represent differences on a discrete 9-point hedonic scale. No value was
obtained for dashed cells because the number of previous visits within the time period could not be
divided into thirds, as the specific product category was not tested frequently enough. Most individual
panels represented approximately 100 panelists; in the case of a few exceptions, the number of

panelists/panel ranged from 50 to 120.



Table 16. Mean Scoring Differences Between Product-Specific Participation of Infrequent,
Moderate, and Frequent Participants Over a 9 Month Time Interval

9 mo Interval Difference of Mean Scoring Between Participation Frequency Categories

Product Specific Participation

Infrequent - Moderate Infrequent — Frequent Moderate - Frequent
# Panels in
Product Each # Previous Panel Difference P-value Difference P-value Difference P-Value
Category Category Visits
Baked Good 30 Infrequent: 0 -0.05 0.0500 - - - -

Moderate: >1
Infrequent: 0
Bean 44 Moderate: 1 0.06 0.1201 0.01 0.9176 -0.05 0.2364
Frequent: >2
Infrequent: 0

Condiment 20 Moderate: >1 -0.0065 0.8961 - - - -
. Infrequent: 0 "
Dairy 12 Moderate: >1 0.58 <0.0001 - - - -
. Infrequent: 0
Drink 9 Moderate: >1 0.11 0.1041 - - - -
Infrequent: 0 "
Egg 16 Moderate: >1 0.68 <0.0001 - - - -
Flavored Infrequent: 0
66 Moderate: 1-2 0.08 0.0062* 0.11 <0.0001* 0.04 0.3676
Mashed Potato

Frequent: >3
Infrequent: 0
Hash Brown 50 Moderate: 1 0.04 0.2508 0.10 0.0003* 0.06 0.1251
Frequent: >2
Infrequent: 0

Meat 14 Moderate: >1 -0.0042 0.9470 - - - -
. Infrequent: 0 %
Miscellaneous 23 Moderate: >1 0.18 <0.0001 - - - -
Infrequent: 0 "
Pasta 10 Moderate: >1 0.23 <0.0001 - - - -
Plain/Buttery Infrequent: 0-2

242 Moderate: 3-5 0.18 <0.0001* 0.23 <0.0001* 0.05 0.0017*
Frequent: >6
Infrequent: 0
Potato Casserole 89 Moderate: 1-2 -0.04 0.2201 0.04 0.2302 0.07 0.0029*
Frequent: >3
Infrequent: 0
Moderate: >1
Infrequent: 0
Soup 37 Moderate: 1-3 -0.06 0.2009 -0.28 <0.0001* -0.22 <0.0001*
Frequent: >4

Mashed Potato

Snack 27 -0.15 <0.0001* - - - -

*p <0.05

Note: Scoring differences were determined by subtracting infrequent from moderate, infrequent from
frequent, and moderate from frequent participants’ mean scoring of the “overall acceptance” question.
Scoring differences with p-values <0.05 were considered statistically significant, as indicated by an
asterisk. The scoring differences represent differences on a discrete 9-point hedonic scale. No value was
obtained for dashed cells because the number of previous visits within the time period could not be
divided into thirds, as the specific product category was not tested frequently enough. Most individual
panels represented approximately 100 panelists; in the case of a few exceptions, the number of
panelists/panel ranged from 50 to 120.
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APPENDIX B: FREQUENCY DISTRIBUTIONS OF MEAN SCORING DIFFERENCES
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Figure 4. Frequency Distribution of Mean Scoring Differences Between Total Participation of
Infrequent, Moderate, and Frequent Participants Over a 6 Week Time Interval

Note: This represents the frequency of all mean scoring differences taken from the total participation 6 wk
time interval analysis.
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Figure 5. Frequency Distribution of Mean Scoring Differences Between Total Participation of

Infrequent, Moderate, and Frequent Participants Over a 3 Month Time Interval

Note: This represents the frequency of all mean scoring differences taken from the total participation 3

mo time interval analysis.
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Figure 6. Frequency Distribution of Mean Scoring Differences Between Total Participation of
Infrequent, Moderate, and Frequent Participants Over a 6 Month Time Interval

Note: This represents the frequency of all mean scoring differences taken from the total participation 6
mo time interval analysis.
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Figure 7. Frequency Distribution of Mean Scoring Differences Between Total Participation of
Infrequent, Moderate, and Frequent Participants Over a 1 Year Time Interval

Note: This represents the frequency of all mean scoring differences taken from the total participation 1y
time interval analysis.
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Figure 8. Frequency Distribution of Mean Scoring Differences Between Total Participation of
Infrequent, Moderate, and Frequent Participants Over a 3 Year Time Interval

Note: This represents the frequency of all mean scoring differences taken from the total participation 3 y
time interval analysis.
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Figure 9. Frequency Distribution of Mean Scoring Differences Between Product-Specific
Participation of Infrequent, Moderate, and Frequent Participants Over a 6 Week Time Interval

Note: This represents the frequency of all mean scoring differences taken from the product-specific
participation 6 wk time interval analysis.
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Figure 10. Frequency Distribution of Mean Scoring Differences Between Product-Specific
Participation of Infrequent, Moderate, and Frequent Participants Over a 3 Month Time Interval

Note: This represents the frequency of all mean scoring differences taken from the product-specific
participation 3 mo time interval analysis.
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Figure 11. Frequency Distribution of Mean Scoring Differences Between Product-Specific
Participation of Infrequent, Moderate, and Frequent Participants Over a 6 Month Time Interval

Note: This represents the frequency of all mean scoring differences taken from the product-specific
participation 6 mo time interval analysis.
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Figure 12. Frequency Distribution of Mean Scoring Differences Between Product-Specific
Participation of Infrequent, Moderate, and Frequent Participants Over a 9 Month Time Interval

Note: This represents the frequency of all mean scoring differences taken from the product-specific
participation 9 mo time interval analysis.
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Figure 13. Frequency Distribution of Mean Scoring Differences Between Product-Specific
Participation of Infrequent, Moderate, and Frequent Participants Over a 1 Year Time Interval

Note: This represents the frequency of all mean scoring differences taken from the product-specific
participation 1 y time interval analysis.
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Figure 14. Frequency Distribution of Mean Scoring Differences Between Product-Specific
Participation of Infrequent, Moderate, and Frequent Participants Over a 3 Year Time Interval

Note: This represents the frequency of all mean scoring differences taken from the product-specific
participation 3 y time interval analysis.
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