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An investigation of data collection methods for
auditory stimuli: Paired comparisons versus

a computer sorting task

TERRI L. BONEBRIGHT
University ofNebraska, Lincoln, Nebraska

Two experiments were performed to determine whether a computer sorting task could be used to
collect data for auditory stimuli. Within each experiment, subjects were assigned to either a paired
comparison task or a computer sorting task. For the first experiment, the stimuli were 18 graph rep
resentations constructed to vary on three parameters (shape, frequency, and amplitude). The stim
uli for the second experiment were 30 sentences produced by actors portraying five emotions (anger,
fear, happiness, sadness, and neutral). Multidimensional scaling solutions were produced and com
parisons were made between the paired comparison and computer sorting task in each experiment.
The results suggest that the computer sorting task is a viable alternative to the paired comparison
task traditionally used for the investigation of the perception of auditory stimuli.

Sorting tasks are routinely used to collect data in a va
riety of fields within psychology. This type of task has
been assumed to be more efficient in terms of time spent
collecting data and more motivating for subjects than
other tasks. To test this assumption, researchers have per
formed comparison studies to determine whether sorting
tasks provide data that are as accurate as or better than
data obtained with other methods. Their results have pro
vided support for the validity of sorting tasks as a research
method within such diverse areas as measurement of
cognitive content (Hirschman & Wallendorf, 1982), mea
surement offeeling states (Newton, Prensky, & Schuess
ler, 1982), career guidance instruments (Jones, 1983), and
Stroop test presentation (Taylor & Clive, 1983).

Within perceptual research, visual and tactile stimuli
have also been examined by using sorting techniques to ob
tain data appropriate for multidimensional scaling (MDS)
solutions used to explore the perceptual dimensions ofsuch
stimuli (Garbin, 1988; Garbin & Bernstein, 1984; Hol
lins, Faldowski, Rao, & Young, 1993). However, auditory
stimuli are traditionally examined by using paired com
parison tasks rather than sorting tasks, because of the
temporal rather than spacial nature of the stimuli (Flow
ers & Hauer, 1995). Thus, if a researcher is interested in
investigating a large number ofauditory stimuli, the num
ber ofsubjects necessary and the time commitment ofthose
subjects can prove to be restrictive when the only option
for data collection is a paired comparison task. In such
circumstances, sorting tasks could provide an alternative
method if subjects could actually perform the sorting of
auditory stimuli. Therefore, the purpose ofthe present re
search was to determine whether a computer sorting task
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could be used successfully to investigate the perception
of auditory stimuli.

Two experiments, each with a different set of auditory
stimuli, were performed to compare a paired comparison
task and a computer sorting task. In Experiment 1, the
stimuli were auditory graphs, computer produced to vary
on three known parameters (shape, frequency, and am
plitude). In Experiment 2, the stimuli were actors' por
trayals of vocal affect that varied for the type of emotion
expressed (happiness, anger, sadness, fear, and neutral).
Through comparison of the two tasks for both types of
auditory stimuli, evidence could be gained for assessing
the validity of using a computer sorting task.

EXPERIMENT 1

Method
Participants. Twenty-six introductory psychology students par

ticipated (15 women, II men; mean age, 23.4) as an alternative
means of obtaining course credit. Half of the participants per
formed the paired comparison task; the other half performed the
computer sorting task.

Materials. Eighteen auditory graph representations were gener
ated by computer, using 100 numbers each to produce wave-form
samples. Wave forms varied in shape (sine, square, or a compos
ite of the two), frequency (4,6, or 8 cycles per 100 points, called
low, medium, and high, respectively), and amplitude (low or high).
These data sets were then used to generate auditory graphs through
a computer speaker as strings of 100 musical notes with a total dura
tion of 6 sec for each graph. Data values were mapped onto a dia
tonic musical scale so that the largest peak-to-peak amplitude
changes in the wave forms in the stimulus set were represented audi
torily by a two-octave shift. This mapping procedure was similar
to that used by Flowers and Hauer (1992, 1993, 1995) for similar
types of auditory data representations.

For the paired comparison task, the 18 stimuli were randomized
to form two lists which were counterbalanced across subjects, and
a Gateway 2000 386X was used for stimulus presentation. For the
sorting task, a Macintosh Quadra with the Canary Bioacoustics Re-
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search Program (1982; Version 1.1) was used for digitization and
presentation of stimuli.

Design and Procedure. Participants were randomly assigned to
either the paired comparison task or the computer sorting task. For
both data collection conditions, participants were presented with all
18 auditory graphs to familiarize them with the range ofvariation
among the stimuli.

In the paired comparison task condition, groups of3-5 students
participated in 2-h sessions which included a IO-minbreak. Partic
ipants listened to each pair of graphs twice and then made a simi
larity rating using a I (not similar) to 9 (very similar) Likert scale.
A practice task with auditory graphs not included in the actual
stimulus set was performed prior to the actual data collection in
order to answer any questions participants had about the procedure.

In the sorting task condition, individual students listened to the
stimuli on headphones during the hour procedure. Before the audi
tory graph sorting task began, a practice sorting task, consisting of
a set of animal sounds, was used to teach the participants how to
move the icons on the screen and how to open and play the audi
tory files. Once the practice task had been completed successfully,
the participants were presented with a screen containing all icons
representing the auditory graph files, which were placed in two
columns on the left side. They were told to begin with the icon at
the bottom of the left column, listen to it, and then move it to the
right side ofthe screen. The participants then listened to the next
stimulus from the bottom of the column and moved it into the
same column as that with the first stimulus if they judged it to be
similar or moved it to a new column if they judged it to be differ
ent from the first stimulus. This procedure was continued until all
stimuli were placed in groups. The participants were allowed to lis
ten to any of the stimuli as often as they liked and to change the
group members to make sure that the members of each group re
flected the similarities and differences among the graphs. They were
also told that there was no right or wrong way to sort the stimuli and
that they could use whatever rules for group members they deemed
appropriate, except that a "group" had to consist ofa minimum of
two graphs. Once the sorting was complete, participants listened to
all the stimuli again as a final check for group membership and made
any adjustments that they felt were necessary. The final step in the
procedure required the participants to answer questions about the
strategy they used to sort the stimuli.

To compare the solutions from the paired comparison
and sorting tasks, the stability of the 3rd dimension for
the paired comparison data was considered. To check for
stability, split-half samples of the matrix were formed
comprising 6 and 7 subjects. These matrices were scaled,
using ALSCAL, and the R2 values (.93) and the stress val
ues (.09) were found to be the same for the 3-dimensional
solutions, which suggests a high degree of stability. As
an additional check, these two solutions and the full ma
trix were orthogonally rotated to positions of maximum
congruence (Harman, 1976). The rotation ofthe three so
lutions revealed coefficients ofcongruence (CCs), which
can be interpreted like a correlation coefficient (Garbin,
1990), ofabove .9 for all comparisons, providing further
support for the similarity ofthe dimension by dimension
positioning of the stimuli within the 3-dimensional space
for the split-half solutions and the full matrix.

With the evidence for stability provided by the previ
ous analyses, the comparison of the paired comparison
solution with the sorting task solution was considered for
3 dimensions. These two solutions were rotated to posi
tions ofmaximum congruence, and the CCs were used to
make dimension by dimension comparisons. The CCs
were .96, .86, and .78 for Dimensions 1-3, respectively,
which suggests good stability for the first 2 dimensions
and moderate stability for the 3rd.

Inspection of Figures 1 and 2 reveals that an interpre
tation of the positioning of the stimuli within the stimu
lus space for both data sets is consistent for all 3 dimen
sions. When one views Dimension 1 from left to right, it
can be seen that this dimension separates the square-wave
forms from the sine and composite wave forms. Dimen
sion 2, considered from the bottom to the top ofthe cube,
reveals positioning ofthe stimuli from low to high ampli
tude. Finally, Dimension 3, viewed from the front to the
back of the cube, shows the stimuli arranged according
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Key for Stimulus Label.: The letters for the three letter labels
in order represent type (0 • square, S - sine, " C • composite),
amplitude (L - low .. H - high). and frequency (L • low. M •
medium, "H • high).

Figure 1. Paired comparison task for auditory graph repre
sentations.

Results and Discussion
MDS solutions were generated for both the paired

comparison data and the sorting data. For the paired
comparison data, the mean rating for each pair was used
to produce the lower off-diagonal 18 X 18 composite
dissimilarity matrix. For the sorting data, individual dis
similarity matrices were compiled by using a 0 to indi
cate that the subject had sorted the pair into the same
group and a 1 to indicate that the subject had placed the
pair into different groups (Shiffman, Reynolds, & Young,
1981). The individual matrices were then aggregated to
produce a composite dissimilarity matrix. MDS solutions
ofthe two composite matrices with 1-6 dimensions were
obtained with ALSCAL (Young & Lewyckyj, 1979).
The R2and stress values for Dimensions 1-6 for the sort
ing data suggested that a 3-dimensional solution pro
duced the best fit with the data (R2 = .75, .81, .93, .98,
.99, .99; stress = .29, .19, .10, .04, .02, .01). However, the
R2 and stress values for the paired comparison task sug
gested that a 2-dimensional solution produced the best fit
(R2 = .77,.91,.96,.96,.97,.98; stress values = .27,.14,
.08, .06, .05, .04).
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Key for Stimulus Labels: The letters for the three letter labels
in order represent type (Q _ square, S • sine, &. C .. composite),
amplitude (L • low &. H • high), and frequency (L • low, M 
medium, &. H - high) .

Figure 2. Computer sorting task for auditory graph represen
tations.

to low, medium, and high frequencies. The differences in
the two solutions appear to lie primarily in the closeness
of the groupings of the stimuli. For the sorting task, the
stimuli tend to be clustered into regions while the paired
comparison task produced a more evenly distributed ar
rangement. However, these differences do not detract
from the overall similarity in the stimulus spaces for the
two tasks.

EXPERIMENT 2

Method
Participants. Participants were ISS introductory psychology

students who received course credit for performing the experi
mental task. All participants were native English speakers, ranging
in age from 18 to 42 years old (mean, 20.5). Data for the paired
comparison task were collected from 113 participants (44 males
and 69 females), with data for 19 participants removed because of
missing values. Data for the sorting task were collected from 42
participants (21 males and 21 females), with data for 6 partici
pants discarded because of missing values.

Materials. Vocal affect stimuli were produced by three female
and three male English speaking actors who performed readings
of a story that contained emotionally neutral content while por
traying anger, happiness, sadness, fear, or neutral emotion. A sin
gle sentence was extracted for digitization and presentation. This
sentence (Everyone tried to convince him that the home repairs
could wait until after the vacation) was chosen because of its po
sition Within the passage and Its general intonation pattern. It was
also believed that the verbal content of this particular passage
worked well for the portrayal of the five emotional states.

For the paired comparison task, a PAL (Personal Acoustics Lab)
system with a Gateway 200 386x was used for digitization and play
back purposes. All 30 stimuli were used for the paired compari
son task, resulting in 900 pairs for all possible pairs (each stimu
lus paired with every other stimulus in both presentation orders,
and each stimulus paired with itself). One half of this set of stim
uli (one presentation order) was then divided Into 5 sets of90 pairs
by using a modified random order with the following constraints:
if an actor was paired Withhim-/herself, that actor was not allowed

In the next pair; if two males or females were in a pair, the next pair
could not have the same combination; and if two stimuli with the
same emotion were in a pair, the next pair could not have that emo
tion. This set of stimuli was then reversed in presentation order for
each pair as well as for the entire list, resulting in 10 lists of 90
pairs each. Finally, a single practice set of IS pairs was added to the
beginning of each list, and an additional 15 pairs were duplicated
within each list to serve as reliability checks. Thus, each ofthe 10
lists had a total of 120 stimulus pairs, and groups of participants
wererandomlyassignedto a single list for the experimentalprocedure.

For the sorting task, as in Experiment I, the equipment used for
digitization and presentation of the stimuli was a Macintosh Quadra
with the Canary Bioacoustics Research Program (Version 1.1).

Design and Procedure. The experimental sessions for the paired
comparison task took place over 5 weeks with groups of 4-8 stu
dents participating at each session. The participants were told that
they would be listening to pairs of vocal stimuli which were all made
from the same sentence. After they had listened to both sentences
of each pair, they were to rate them on a 7-point Likert scale rang
ing from I (not at all similar) to 7 (extremely similar). The instruc
tions also informed the participants that they would have a chance
to practice the task on the first 15pairs of sentences and to ask ques
tions after the completion of the practice trials. After the partici
pants had completed rating the 120 pairs, they were asked to list
the types of cues that they had used to make their decisions.

The sorting task for this experiment followed the same basic pro
cedure as that in Experiment I. Students participated individually
and performed a practice task with animal sounds to become famil
iarized with the computer and software. They were then presented
with all the sentences, to acquaint them with the range of the stim
uli. The procedure for the sorting task for the sentences allowed the
participants to replay and move any icon at any time in order to
make sure that the decisions they made about group membership
reflected the relationships among stimuli. No constraints were
placed on the number of groups, but participants were constrained
to forming groups consisting of at least two stimuli. As in Exper
iment I, the participants were encouraged to use whatever strategy
they felt was appropriate to make the group membership judgments.
Once the sentences were sorted, the participants were required to
listen to all the sentences in each group as a final check to make sure
that they were satisfied with their groupings. The experimenter
then recorded the numbers of the stimuli and asked the participants
to explain the basis that they had used for sorting the sentences.

Results and Discussion
MDS solutions were produced for the paired compari

son and the sorting data according to the same procedure
as in Experiment 1. The R2and stress values for Dimen
sions 1-6 for both solutions suggested that a 3-dimensional
solution produced the best fit (for paired comparison
data, R2 = .32, .67, .81, .88, .93, .95, and stress = .50,
.24, .15, .10, .07, .06; for sorting data, R2 = .72, .81, .86,
.88, .90, .92, and stress = .31, .20, .15, .13, .10, .08). The
two 3-dimensional solutions were orthonormally rotated
to positions ofmaximal congruence, and the obtained CCs
revealed that the two solutions were moderately similar
on the first dimension (Dimension 1 CC = .60) but were
not similar on the other 2 dimensions (Dimension 2
CC = .40; Dimension 3 CC = .02).

Inspection of Figures 3 and 4 reveals a positioning of
stimuli that favors an interpretation dependent on the
clusters or neighborhoods found in the 3-dimensional
spaces, rather than descriptions of stimuli as they fall on
each dimension. For the paired comparison data, the stim
uli along Dimension 2 fall into regions of male and fe-
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puter software package. In the case of the auditory graph
representations, both solution spaces reproduce the pa
rameters used to construct the stimuli. This provides
strong evidence for the usefulness of both types of task
for this set ofauditory stimuli. However, for the vocal af
fect stimuli, the evidence to support the sorting task is not
as clear. It does appear that the data from the sorting task
reflect the emotional cues in the stimuli, whereas the
paired comparison data does not seem to do so. The diver
gence of the solutions for these two tasks may be evi
dence for the perceptual ambiguity of the stimuli rather
than a reflection on the ability of subjects to perform the
computer sorting task for the auditory stimuli. Future re
search should concentrate on replication of such find
ings using different auditory stimuli and should also
seek to determine the best software for this type of task.

key for Stimulus Labels: The letters for the three letter labels
in order represent emotion (R - happy, S - sad, F • fear, A 
anger, "N _ neutral), actor (K, C, S, J, I, "M) and gender (M •
male " F • female).
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Key for Stimulua Labels: The letters for the three letter labels
in order represent emotion (H • happy, S • Bad, F • fear, A •
anger. &: N • neutral), actor (X, C, a, J, I, "M) and gender (M ..
male & P • female).

male actors which are roughly clustered into groups of
portrayals by individual actors. There is no evidence that
the positions of the stimuli correspond to the emotions
expressed in the portrayals within this solution. For the
sorting task data, the stimuli are grouped into regions com
posed of emotions along Dimension 3 with the active
emotions (happy and anger) positioned together to the
right ofthe figure and the inactive emotions (sadness, fear,
and neutral) positioned together at the left. Within each of
these emotion regions, the stimuli tend to cluster into
groups of male and female actors.

The results from both studies suggest that an auditory
sorting task can be performed by subjects using a com-
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