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Similarity scaling Aften requires subjects to produce such a 
large number of judgments that fatigue may become a prob- 
lem. Yet it remains unclear just how respondent fatigue affects 
similarity perceptions and resulting judgments. The present 
study uses a categorization perspective to examine the effects 
of fatigue on similarity judgments. The results suggest that 
subjects rely increasingly on category membership as they 
progress through a similarity judgment task. 

Marketing researchers apply a variety of 
similarity scaling techniques, including multi- 
dimensional scaling (Shepard, 1962; Kruskal, 
1964), hierarchical clustering (Johnson, 1967), 
additive clustering (Shepard and Arabie, 
1979), and additive tree scaling (Sattath and 
Tversky, 1977), to help them understanti b. .‘.T”- 
sumer perceptions of product or service alter- 
natives (see, e.g., Arabie, Carroll, DeSarbo 
and Wind, 1981; Cooper, 1983; Green and 
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Carmone, 1970; Green and Rao, 1972; 
Srivastava, Leone and Shocker, 1981). These 
applications typically require a relatively large 
number of products to construct meaningful 
product representations (Klahr, 1969). 

Asking subjects to make too many product 
judgments may, however, affect the quality of 
those judgments (Sudman and Bradbum, 
1982). Consider traditional applications in 
which respondents are asked to provide simi- 
larity ratings of product pairs. Because the 
number of ratings required for the analysis 
increases roughly as the square of the number 
of items, i.e., $2 (n - l), applications invr * T- 

ing a large number of products or services 
may become prohibitive (Hauser and Koppel- 
man, 1979). 

Marketing researchers have recognized that 
there is a limit to the amount of “quality” 
information that can be collected from re- 
spondents. This has led to the development of 
procedures for reducing the number of re- 
quired judgments, including the use of sorting 
tasks (Rao and Katz, 1971), cyclical designs 
(David, 1988), and the random deletion of 
pairs (Malhotra, Jain and Pinson, 1988). Using 
a cyclical design, for example, requires the 
presence of two conditions, where each 
stimulus element should appear an equal 
number of times in the data, and the reduced 
set of stimulus pairs should not be divisible 
into nonintersecting subsets (Kendall, 1955). 
In a five stimulus array, the ri.lted stimulus 
pairs might include the first and second, sec- 
ond and third, third and fourth, fourth and 

fifth a first stimulus elements. 
same t alhotra, Jain and Pin- 

son (1988) have demonstrated that configura- 
tion recovery using incomplete data becomes 
poorer as the proportion of 
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sing, or the number of stimuli involved, in- 
creases. Many applications will continue to 
call for a relatively large number of paired 
comparison ratings. Therefore, the potential 
exists for fatigue to seriously affect these rat- 
ings. Importantly, it remains unclear just how 
subject fatigue affects similarity judgments. 

The present paper examines the effects of 
fatigue on similarity judments. More specifi- 
cally, we adopt a categorization perspective 
(Mervis and Rosch, 1981; Medin and Smith, 
1984) to predict just how subjects’ percep- 
tions and judgments change as they progress 
through a similarity rating task. Categoriza- 
tion research suggests that one natural reac- 
tion to fatigue is for subjects to rely increas- 
ing on the categorical similarities and dif- 
ferences arnong products. After describing in 
more detail how repetition and fatigue may 
affect similarity judgments, we develop our 
hypotheses. An empirical study that tests the 
hypotheses is then reported. 

2. Task repetition, adaptation, and fatigue 

The traditional method for collecting simi- 
larity scaling data is to have respondents rate 
the overall similarity of each possible pair of 
products on a proximity scale. A number of 
studies have examined the reliability of these 
direct similarity judgments (Day, Deutscher 
and Ryans, 1976; Moore and Lehmann, 1982; 
Summers and MacKay, 1976; Weksel and 
Ware, 1967) and obtained mixed results. Yet, 
similarity scaling, in particular multidimen- 
sional scaling (MDS), remains popular (Coo- 
per, 1983) and appears fairly robust to changes 
in a number of factors, including the metric 
employed (Green, 1975), the order of presen- 
tation of the stimuli (Jain and Pinson, 1976), 
and the embedding of stimuli in a stimulus 

alhotra, 1987). At the same time, 
recognize the often 

burdensome and g nature of si 

What is unclear is just how respondents 
adapt to fatigue. Dong (1983), for example, 
found that while missing and inconsistent re- 
sponses tend to increase over time, fatigue 
does not appear to influence aggregate simi- 
larities or MDS solutions. However, Dong’s 
study focused on aggregate data rather than 
changes in individual judgments. 

At least two factors may affect an individ- 
ual’s judgments through the course of a simi- 
larity rating task: adaptation and fatigue. Ini- 
tially, respondents become comfortable or 
adapt to thinking about the items. The sub- 
jects should become more comfortable using 
the scale and provide higher test-retest corre- 
lations. Further, the basis of the judgments 
themselves, whether common or distinctive 
features (Tversky, 1977) or product categori- 
zations (Mervis and Rosch, 1981), should be- 
come well established. In other words, with 
early repetition respondents should “settle in” 
and provide more consistent judgments. We 
expect that this adaptation either occurs rela- 
tively quickly or is minimized, if not 
eliminated, by appropriate pre-task proce- 
dures (e.g., a warm-up task or prior acclima- 
tion to the stimulus set). 

As respondents continue to progress 
through the task, fatigue may affect the judg- 
ments. One straightforward way subjects may 
adapt to fatigue is to adopt a single response 
value or restricted set of responses for rating 
the product pairs. Under this scenario one 
si;ould observe systematic changes in the sub- 
jects’ judgments. Most notably, the variance 
in the judgments should decrease through the 
course of the rating task. One would also 
expect a general decrease in the ability of 
similarity scaling techniques to capture or fit 
the judgments as the correlation between the 
subjects’ perceptions and their ratings de- 
creases. 

A second possibility is that fatigue results 
in increasingly careless responses. Subjects 
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error variance of the subjects’ responses as example, consumers may begin by dis- 
they progress through the task. Similar to tinguishing alternatives on flavor, brand 
using a restricted response set, one should name, sweetness, and after-taste. As the task 
observe a decrease in the ability of scaling drags on, the overriding similarity of the cate- 
techniques to fit the judgments. Under either gory members should increase in importance 
scenario, the effects of fatigue should not be relative to more subtle or minor within cate- 
contingent on the nature of the stimuli. gory differences. 

Although both factors may come into play, 
a more task-oriented reaction to fatigue is the 
adoption of simpler product representations 
in order to finish the task more quickly or 
easily. Research on categorization (Mervis and 
Rosch, 1981; Medin and Smith, 1984) pro- 
vides a useful framework for predicting just 
how this simplification occurs. This research 
sugge:.“cs that there is a basic level of categori- 
zation ,t which categories are most differenti- 
ated from one another and where categories 
exhibit a singularly high degree of inclusive- 
ness or similarity of their members (Murphy, 
1982; Murphy and Smith, 1982; Rosch, 1975a, 
1975b; Rosch et al., 1976). For example, the 
category “ apples” is at a more basic level 
than either its immediate superordinate cate- 
gory (i.e., “fruit”) or its subordinate cate- 
gories (e.g., “Delicious apples” - Rosch et al., 
1976). 

Recent consumer research further suggests 
that traditional consumer product categories 
(e.g., soft drinks) represent a basic level of 
categorization for consumers (Johnson and 
Fomell, 1987). Consumers may, therefore, rely 
more exclusively on traditional product cate- 
gory membership in order to simplify the task 
and adapt to fatigue. ,4n important implica- 
tion is that fatigue should differentially affect 
the variance in consumers’ similarity judg- 
ments depending on whether the same or 
different product categories are involved. 

When judging products from a more super- 
ordinate level, involving more than one tradi- 
tional category or basic level distinction (e.g., 
beverages), judgment variance should increase 
as subjects progress through the task. Here 
fatigue should result in increased reliance on 
the distinctiveness of the categories them- 
selves. Many of the more subtle or minor 
across category similarities that may be con- 
sidered early in the task are likely ignored 
iater on. The more salient category based 
similarities and differences should pre- 
dominate as fatigue sets in. This should result 
in an increase in judgment variance over time. 
For example, early on consumers may recog- 
nize product similarities within as well as 
across categories, such as the similarity be- 
tween soft drinks and fruit juices. As con- 
sumers progress through the task they may 
simply rely on the categorical difference be- 
tween these stimuli. 

When judging products that are all mem- 
bers of the same traditional category, the 
variance in the subjects’ judgments should 
decrease over ti.me. Many of the more subtle 
within category differences that might be 
taken into account early in the task are likely 
i on. n judging soft drinks, for 

Under this scenario, the effect of fatigue on 
judgment variance should be contingent on 
the brand versus category nature of the 
stimuli. Similarity variance should show more 
of a decrease for products from a single cate- 
gory and more of an increase for products 
from more than one category as subjects pro- 
gress through the task. Notice that il? each 
case the subject is adopting a simpler, more 
categorical representation of the products. 
Therefore, while fatigue should have different 
directional effects on judgment variance, its 
effects on the fit of similarity scaling tech- 
niques should be similar. hether brands or 
categories are involved, sirnillarity scaling 
should be better able to capture or fit judg- 
m 
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explicit hypotheses regarding the effects of 
fatigue on similarity judgments. Assuming 
consumers natural response to fatigue is to 
rely increasingly on more categorical similari- 
ties and differences, we make the following 
predictions. 

Hl: 

H2: 

The standard deviation in judged simi- 
larity should decrease for brand level 
stimuli and increase for category level 
stimuli as subjects progress through a 
similarity rating task. 

The fit of a scaling solution should 
increase as subjects progress through a 
similarity rating task for both brand 
and category level stimuli. 

We now report on a study that tests these 
hypotheses. 

Pairwise similarity judgments were col- 
lected for five separate stimulus sets: soft 
drinks, candy bars, beverages, snack foods, 
and lunch products. These stimuli were rele- 
vant for the student subjects used to provide 
data. They also represent two different levels 
of abstraction or generality: brand level alter- 
natives Corning from the same traditional or 
basic level category (soft drinks and candy 
bars) and superordinate category alternatives 
coming from more than one basic level cate- 
gory (beverages, snack foods, lunch products). 
These stimulus sets are presented in Table 1. 

Each stimulus set contained 12 product 
alternatives requiring subjects to make 66 
paired comparison ratings. Each subject rated 
all 66 product pairs for one of the five stimu- 
lus sets. A total of 24, 24, 24: 24, and 27 

Table 1 
Stimulus sets 

Brand levelstimuli 

Soft drinks 

Sprite 
Seven Up 
Diet Sprite 
Diet Seven Up 
Orange Crush 
Diet Orange Crush 
Coke Classic 
New Coke 
Pepsi 
Cherry Coke 
Diet Coke 
Diet Pepsi 

Candy bars 

Three Musketeers 
Mars Bar 
Milky Way 
Snickers 
M&M Plain 
M&M Peanut 
Hershey’s Plain 
Hershey’s Almond 
Nestle’s Crunch 
Reece’s Peanut Butter Cups 
Twix Caramel 
Kit Kat 

Category level stimuli 

Beverages Snacks Lunch products 

Ice Cream Soda 
Milk Shake 
Chocolate Milk 
Milk 
Fruit Juice 
Lemonade 
Soft Drink 
Diet Soft Drink 
Club Soda 
Iced Tea 
Bottled Water 
Iced Coffee 

Popcorn 
Nacho Chips 
Crackers 
Potato Chips 
Cheese 
Grapes 

Apple 
Yogurt 
Ice Cream 
Cookie 
Candy Bar 
Brownie 

Czrrot 

Apple 
Fruit Juice 
Yogurt 
Milk 
Ice Cream 
Cookie 
Candy Bar 
Soft Drink 
Piva 
Chicken Sandwich 
Hamburger 

order and the other half rated the same 66 
pairs in the reverse order. All pairs were rated 
on an ll-point similarity rating scale ranging 
from 0 (very dissimilar) to 10 (very similar). 
Subjects were run through the task in small 
groups (approximately 20 per group) and were 
led through the instructions by an experi- 
menter. The instructions included a list of the 
twelve products the subject would be rating 
along with a sample similarity judgment scale. 
Overtly exposing the subjects to the range of 
products in the task and the similarity scale 
should help minimize any adzytation to the 
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The hypotheses were tested by comparing 
“first half” ratings, based on the subjects’ 
first 33 pairs rated, with “second half” rat- 
ings, based on the subjects’ second 33 pairs 
rated. Means and standard deviations were 
calculated for the first half and second half of 
each subject’s similarity ratings. Each half 
was then scaled using non-metric multidi- 
mensional scaling in both two and three di- 
mensions. Our choice of non-metric MDS was 
based on several considerations. Non-metric 
MDS is very commonly used in research appli- 
cations (Cooper, 1983). Unlike many tree 
scaling or clustering techniques, non-metric 
MDS is also applicable to incomplete data 
matricies (Malhotra, Jain and Pinson, 1988). 
Finally, non-metric MDS yields solutions that 
are very similar to those of earlier metric MDS 
without the solutions being as sensitive to the 
particular input data (Green, 1975). 

Two traditional measures of fit were ob- 
tained from both the two- and three-dimen- 
sional solutions, monotonic stress and linear 
R2 (Kruskal, 1964; Pruzansky, Tversky and 
Carroll., 1982). Again, if subjects adopt sim- 
pler, more categorical representations over 
time, scaling solutions based on first half data 
should be more complex and exhibit higher 
stress than solutions based on second half 
data. Moreover, judgment variance should de- 
crease for products from the same category 
and increase for products from different cate- 
gories. 

A series of general linear models were used 
to test for differences in each of the five 
dependent variables, the standard deviation 
of the similarity judgments and the four fit 
measures. Each model included the two 

ary independent variables of interest (a 
two-level variable for first half vs. second half 
judgments and a two-level brand vs. category 

mulus variable) and their i-ilteracti 
esis 1 predicts a significant Interact 

sta 

ation of the judgments. Hypothesis 2 predicts 
a main effect for first half VS. second half 
judgments on each of the fit measures. Each 
analysis model also included random effects 
(dummy variables) to capture (i) the dif- 
ference between the two stimulus sets nested 
under the brand level stimuli (soft drinks and 
candy bars), (ii) the differences among the 
three stimulus sets neste under the category 
level stimuli (beverages, snacks, and lunch 
products), and (iii) the differences between 
the two random order conditions nested un- 
der each of the five different stimulus sets. * 

We first examine the standard deviation of 
the judgments presented in Table 2. Overall, 
judgment variance was significantly greater 
for the category level stimuli ( F = 25.48, p < 
O.OOl), which is natural given their greater 
inherent heterogeneity. There was also a main 
effect for first vs. second half judgments on 
judgment variance ( F = 6.22, p < 0.05). This 
main effect is driven, 
significant half by stim eve1 interaction 
(F = 19.76, p < 0.001). 
pothesis 1, judgment variance decreased as 
the subjects progressed through the brand 
level stimuli and increased as they progressed 
through the category level stimuli. This result 
supports the notion that subjects adopt sim- 
pler representations and rely more exclusively 
on categorical similarities and differences as 
they progress through a similarity judgment 
task. The observed interaction is inconsistent 

’ To provide a finer grade analysis, the judgments were also 
broken into thirds and examined. That is, we contrasted the 
first 22 pairs rated, the second 22 pairs rated, and the third 
and last 22 pairs rated. The results of the three-way data 
analyses were very consistent with the two-way (first half w 
second half) analyses. Moreover, the fit of the two-wa) 
analytical models dominated the fit of the three-way models. 
We shall concentrate, therefore, on the two-way, first half VS. 

second half judgment data. 
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Table 2 
Differences between first and second half paired comparison 

similarities 

Bmnd level stimuli 

Stimuli Standard 2-D 3-D 2-D 3-D 

deviation stress stress R2 R2 

Soft drinks: 
First half 2.840 0.100 0.027 0.465 0.714 

Second half 2.094 0.043 0.006 0.637 0.816 

Candy bars: 
First half 2.135 0.112 0.043 0.452 0.639 

Second half 1.892 0.038 0.005 0.659 0.814 

Category lewl stimuii 

Stimuli Standard 2-D 3-D 2-D 3-D 
de..iation stress stress R2 R2 

Beverages: 
First half 2.380 
Second half 2.616 

Snacks: 
First half 2.664 
Second half 2.688 

Lunch products: 
First half 2.531 
Second half 2.686 

0.109 0~335 0.573 0.758 
0.057 0.310 L7.680 0.864 

0.091 0.036 0.582 0.733 
0.063 0.010 0.655 0.859 

0.098 0.036 0.533 0.676 
0.049 0.010 0.605 0.797 

with the notion that subjects simply adopt a 
particular response level or became careless 
as they proceed. 2 

The analyses of the fit measures provide 
additional support for the notion that repre- 
sentations simplify through the course of a 
similarity judgment task. The stress (badness- 
of-fit) and R2 (goodness-of-fit) measures for 
both the two- and three-dimensional MDS 

solutions are presented in Table 2. There were 
very significant decreases in stress for both 
the two-dimensional solutions ( F = 138.776, 

’ Though no predictions were made, the possible effects of 
stimulus level and first vs. second half judgments on mean 
similarity were also examined. There were no significant 
main effects on mean similarity for either variable. There 
was a marginallv significant half by level interaction (F = 
3..3. p : 0.19). The brand stimuli became slightly less simi- 
lar and the category stimuli became slightly more similar 
over time. However, there were no differences in average first 
half vs. second half judgments within any of the five individ- 
ual stimulus sets. 

p < 0.0001) and three-dimensional solutions 
(F= 150.036, p -c 0.0001) from the first to 
the second half judgments. The average two- 
dimensional stress was 0.102 and 0.050 re- 
spectively for the first and second half data. 
The corresponding averages for three-dimen- 
sional stress were 0.035 and 0.008, respec- 
tively. There was no difference in stress for 
brands vs. categories in either case. 

There was, however, a significant half by 
level interaction effect on two-dimensional 
stress (F = 6.016, p -c 0.05). The decrease in 
stress from first to second half judgments was 
slightly greater for the brands than for the 
categories. This draws into question the inter- 
pretability of the main effect difference be- 
tween the first and second half similarity 
judgments. As a check, first vs. second half 
judgments were examined within each of the 
five stimulus sets. Consistent with the main 
effect predicted under Hypothesis 2, each of 
the five stimulus sets exhibited a significant 
( p -c 0.05) decrease in stress from first to 
second half judgments. 

The linear fit results parallel those for 
stress. As predicted, there was a significant 
increase in R2 for both the two-dimensional 
(F = 74.310, p < 0.0001) and three-dimen- 
sional (F = 107.793, p < 0.0001) solutions. 
The average R2’s were 0.521 and 0.646 re- 
spectively for the first and second half two-di- 
mensional solutions, and 0.704 and 0.829 re- 
spectively for the first and second half three- 
dimensional solutions. There was again a sig- 
nificant half by stimulus level interaction ef- 
fect on R” in the case of two-dimensional 
solutions (F = 11.139, p < 0.001). The in- 
crease in linear fit from the first to the second 
half judgments was greater for the brand than 
the category level stimuli. However, separate 
analyses again revealed significant ( p -=z 0.05) 
increases in two-dimensional R2 within each 
of the five stimulus sets. 

ur analysis thus supports the predicted 
general increase in fit from first to second 

t the same tame, t 
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served interactions involving the first vs. sec- 
ond half judgments and the brand vs. cate- 
gory level of the stimuli on the two-dimen- 
sional fit measures were unexpected. In hind- 
sight, these results are likely due to the salient 
across category differences that pervade the 
category level stimuli. These categorical dif- 
ferences should, for the most part, drive both 
the first half and second half judgments of 
the across category stimuli. In contrast, the 
predicted shift in focus from within category 
differences to common category membership 
might explain the more pronounced effects on 
fit for the brands. 

A difference between the stress and R* 
results was also observed. Unlike the stress 
measures, the R*'s for the category level 
stimuli were overall greater than t.hose for the 
brand level stimuli for both rihe two-dimen- 
sional (F = 9.785, p < 0.005; and three-di- 
mensional (F = 8.494, p < 0.005) solutions. 
The existence of clear common and distinc- 
tive features for brand level stimuli (Johnson 
and Fornell, 1987) may explain this result. 
These features resulted in a greater clustering 
of stimuli at the brand level. This clustering 
resulted in more pronounced non-linear rela- 
tionships between the original and fitted dis- 
tances for the brands. 

The results found can be shown to affect 
the interpretation and content of scaling solu- 
tions. To illustrate, first vs. second half judg- 
ments for the soft drink stimuli were pooled 
across subjects and scaled. The two-dimen- 
sional MDS solutions for the first vs. second 
half data are shown in the Fig. 1 (Kruskal’s 
stress equalled 0.144 and 0.100, respectively). 
Notice that certain differences among the 
brands affected the first half judgments more 
than the second half judgments. In particular, 
there is a clearly inte 
dimension in the fi 
not materialize for the second half data. The 
brands are clustered primarily on flavor in 
the solution based on second half judgments. 

e two solutions suggest 
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First Half Judgments 

Cherry 
Coke 

* Orange 
Crush 

Coke Classic 

@New Coke 

e Pepsi 

Sprite 
0 

0 Seven-Up 

Diet &age 
Crush 

Diet Pepsi * 

Diet>oke 
@Diet Sprite 

Diet S&en-Up 

I 

Second Half Judgments 

Orange 
Cyh 

Diet Orange 
Crush 

Cherry 

Diet Pepsi 

Fig. 1. Two-dimensional MDS solutions for first vs. second half 
soft drink judgments. 

tive situations and underscore the practical 
importance of the results. 

verall, the results s 
strate 
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of fatigue on ratings of product similarity. 
Judgment variance increased for the category 
level stimuli while it decreased for the brand 
level stimuli through the course of a similarity 
judgment task. The fit of MDS solutions was 
also greater for judgments collected later in 
the task than for judgments collected early. 
These results support a general reduction in 
the complexity of respondents’ product repre- 
sentations and judgments over time. 

The results are very consistent with a cate- 
gorization-based explanation of the effects of 
fatigue on similarity judgments. At least for 
the stimuli and rating task in the present 
experiment, it appears that consumers relied 

als. Finally, the apparent importance of prod- 
uct categorization in consumer perceptions 
underscores the need for research on alterna- 
tive data collection procedures. In particular, 
relatively little attention has been paid to the 
use of sorting or grouping tasks in marketing 
applications involving larger stimulus sets (see 
Rao and Katz (1971) for a notable exception). 
Product sorting tasks are very consistent with 
a categorization perspective and would ap- 
pear to deserve considerable attention. 

eferences 
-_ 

increasingly on similarities and differences in 
product category membership as a means of 
adapting to fatigue. Naturally, the results may 
depend on the particular stimuli used in the 
study (non-durable food products). Any gen- 
eral conclusions regarding the effects of fa- 
tigue on perceptions and judgments awaits 
further research involving qualitatively differ- 
ent stimuli and rating tasks. 

The results do, however, suggest important 
implications for marketing research. At least 
for the task studied here in which subjects 
provided 66 paired product comparison rat- 
ings, it appears that judgments simplify rather 
than degenerate over time. Our subjects ap- 
peared to rely increasingly on categorical 
product similarities and differences. They did 
not simply adopt a restricted response set or 
become careless. As shown in Fig. 1, these 
fatigue effects may have a significant impact 
on the interpretation of scaling output. In 
light of the results, researchers might explore 
newer probabilistic MDS models that allow for 
inherent variance in the input data (MacKay, 
1989). 
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