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Choice Between Melodies Differing in Complexity

Under Divided-Attention Conditions

Vladimir J. Koneéni and Dianne Sargent-Pollock
University of California, San Diego

The processing-capacity and arousal-level effects on choice between com-
puter-generated “melodies” differing in complexity were compared in a
divided-attention situation. Subjects were exposed to either aversive (97 dB,
350-Hz square wave) or mild (56 dB) auditory stimulation prior to blocks
of trials involving choice between simple (4.00 bits/tone) and complex (9.17
bits/tone) melodies. Concurrently with the processing of the chosen melody
on each trial, subjects either had no task at all or worked on one of four
tasks that systematically differed in (a) the processing effort demanded, and
(b) the likelihood of an arousal-level increase due to conceptual conflict
and/or physical exertion. Measures were obtained of changes in choice and
cardiac arousal due both to auditory stimulation and tasks. Results showed
that the processing-capacity factors influenced choice quite independently of
the arousal-level fluctuations due to tasks, and suggested that an arousal-
level increase (due to stimulation), even when relevant for choice, may be

mediated by a reduction in processing capacity.

Two principal features of Berlyne’s (e.g.,
1971a, 1974) “new experimental aesthetics”
seem to be (a) an attempt to describe ob-
jects of aesthetic enjoyment in terms of col-
lative stimulus properties, such as complex-
ity and novelty, and (b) an emphasis on the
role of arousal and the arousal potential of
collative stimulation in aesthetic preference.
The collative-motivation model has been a
major theoretical advance and a useful heu-
ristic device. However, it has largely ne-
glected the differential cognitive “labeling”
of fluctuations in arousal level as a function
of the social and nonsocial context (e.g.,
Konecni, 1975a, 1975b; Schachter, 1964,
1975; Zillmann, 1971), which has been
shown to be relevant for aesthetic preference
(Cantor & Zillmann, 1973; Koneéni, Cro-
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zier, & Doob, in press; Konecni & Sargent-
Pollock, in press). In addition, neither the
collative-motivation model nor the labeling
approach has closely examined the mecha-
nism linking arousal level to preference and
choice: How is it that relatively gross
changes in the arousal system affect the com-
plex and subtle operations presumably in-
volved in the aesthetic and most other types
of choice? It seems that a good case can be
made here for the applicability of recent de-
velopments in the area of attention, particu-
larly the limited-processing-capacity model
(e.g., Broadbent, 1958; Kahneman, 1973;
Moray, 1969; Posner, 1975; Treisman,
1964). The present research was primarily
concerned with the application of this model
in a modified divided-attention paradigm in-
volving choice between melodies differing in
complexity,

An important derivative of Berlyne’s
model (e.g., 1967) is that the choice of stim-
uli in the higher ranges of collative dimen-
sions (e.g., relatively complex patterns)
should decrease when the level of arousal is
high. This hypothesis has usually been dis-
cussed in conjunction with findings that
complex stimuli raise the level of arousal
(e.g., Berlyne, Craw, Salapatek, & Lewis,
1963 ; Bryson & Driver, 1969) and has often
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pressure measurement, two 10-sec sequences of
each type of melody were demonstrated (order
counterbalanced). Melodies were always played at
a comfortable listening level (74 dB). Each subject
then had 10 melody-choice trials, where a trial
consisted of pressing one of two buttons and hear-
ing in both ears through the earphones either a
simple or a complex melody for 10 sec. Subjects
knew which button produced which type of melody,
and that the melody could not be discontinued
during the 10-sec interval. It was stressed that
there were no right or wrong responses. Two
more blood-pressure readings were obtained dur-
ing these initial-preference trials, and another at
their completion. All subjects then had 50 choice
trials divided into 10 sub-blocks of 5 trials each;
the number of trials was not announced in ad-
vance. Readings of blood pressure were obtained
during the first, fourth, seventh, and tenth 20-sec
noise interval, and during the first, third, sixth,
and eighth sub-block of 5 choice trials.

One fifth of the subjects did not work on any
task during the choice trials. Another one fifth
worked on the digit-symbol task. This task was
used because it requires the continuous processing
of information, with little fluctuation in processing
difficulty over time. Subjects were given a booklet
that could not be completed in the time allotted.
Each page in the booklet contained a key relating
digits to various symbols, and a large number of
digits below which the appropriate symbols had to
be written in. Subjects were urged to be fast and
accurate. They worked continuously during the
choice trials, pausing only to press one of the two
buttons every 10 sec. To allow the full impact of
stimulation, work was not allowed in this or other
conditions during the 20-sec stimulation intervals
preceding sub-blocks of trials.

It was predicted that the processing demands of
the digit-symbol task would reduce the proportion
of complex-melody choices in comparison to the
no-task group. However, such an outcome would
not unequivocally support the processing-capacity
hypothesis, unless the possible arousal-generating
effects of the digit-symbol task were controlled for.
One possibility was that the muscular activity and
physical effort involved in the execution of the
digit-symbol task (rapid writing) would raise the
level of arousal. To control for this possibility, an
additional group was included. These subjects were
given the digit-symbol sheets with responses al-
ready filled in and asked to trace, as fast as possi-
ble, the contour of each filled-in symbol with an
IBM pencil (“for subsequent computer analysis”),
without checking the correctness of the answers.
Thus, they engaged in as much rapid writing as the
digit-symbol group, but had to process far less in-
formation. The cognitive capacity hypothesis pre-
dicted that these subjects’ choice behavior would
be similar to the no-task group’s.

Another possibility was that the digit-symbol
task—a series of miniproblems—consisted of re-
peated instances of conceptual conflict, which is
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presumably salient at decision points in prob-
lem-solving activity and has arousal-raising prop-
erties (Berlyne, 1960; Blatt, 1961). It could well
be argued that such conflict should be distinguished
from the idea of processing effort/load. Therefore,
on the assufiption that the active storing of infor-
mation involves much processing effort, but con-
tains fewer elements of conflict than the work on
the digit-symbol task does, an additional condition
was included. These subjects closely attended to
slides of paintings during the choice trials and tried
to memorize as many details as possible. A differ-
ent slide was shown during each of the 10 sub-
blocks of 5 trials, and it remained in view during
the entire sub-block (50 sec). The projected image
was 46 X 66 cm, 152 cm directly in front of the
seated subject. Finally, a group of subjects saw
the same slides, but without the memorization in-
structions; they were told that the only purpose
of the slides was to ‘“enrich their visual envi-
ronment.”

The level of physical activity in the two condi-
tions involving slides was equal and minimal; also,
these conditions presumably contained few elements
of conceptual conflict and actually qualified for
membership in the class of tasks that, according to
Lacey (e.g., Lacey & Lacey, 1974), produces car-
diac deceleration. Nevertheless, the processing-ca-
pacity hypothesis, unlike an arousal model, would
predict that the memorization subjects would
choose fewer complex melodies than subjects with-
out such instructions.

Slides of paintings. The 10 paintings used were
by Leonardo (4), Michelangelo (3), Raffaello (1),
Tintoretto (1), and Guardi (1). For the purpose
of a different experiment (Koneéni & Sargent-
Pollock, in press), the galvanic skin response to
these and other paintings from a similar popula-
tion was obtained, as well as ratings on a number
of dimensions. Paintings selected for the present
experiment were homogeneous with regard to the
mean ratings of pleasingness, interestingness, and
desire to own a reproduction, as well as the rela-
tively small skin response they evoked (mean ra-
tios of peak over baseline ranging from 1.05 to
1.14 for different paintings).

Melodies. The two types of melodies between
which subjects had to choose were identical to
those in the Konecni et al. (in press) study. The
method of construction had been originally devel-
oped by Vitz (1966). A PDP-8/S computer was
used to generate two types of continuous melodies
(an average of 2 tones/sec) differing in complexity
or uncertainty (Garner, 1962). This was achieved
by varying the number of pitches, durations, and
loudnesses from which the two types were con-
structed. A tone could be repeated before other
possible tones within a type had been chosen (sam-
pling with replacement). The quantification in in-
formation-theory terms consisted of taking the
logarithm (base 2) of the total number of possible
tones used in the construction of a given type of
melody. In the construction of simple melodies,
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there was a total of 16 possible tone-events (dif-
ferent pitch-duration-loudness combinations), or a
complexity/uncertainty level of 4.00 bits/tone; 576
tone-events were possible for complex melodies, or
9.17 bits/tone.3 As a result of the method of con-
struction, different 10-sec melodies of a given type
were similar, but not identical. However, both
quantitatively and subjectively, any 10-sec simple
melody was far simpler, involving less uncertainty,
than any 10-sec complex melody. Loosely speaking,
while the former were reminiscent of nursery tunes,
the latter resembled avant-garde music. However,
earlier work had indicated that normally aroused
subjects choose the two types of melodies equally
often and listen to them equally long (Crozier,
1974 ; Koneéni et al., in press).

Blood-pressure measurement. The equipment con-
sisted of a soft cuff and an automatic Sphygmo-
Recorder (Physiometrics, Inc.). The cuff was on
the subject’s nonpreferred arm throughout the ses-
sion. It was the only part of the instrument visible
to the subject, and was automatically inflated and
deflated for the purpose of measurement from the
adjoining control room. A sensitive transducer de-
tected flow disturbances in the artery below the
cuff (not the resulting Korotkoff sounds). Prior
to the session, subjects were told that the cuff
would periodically inflate and deflate, and that they
shtould ignore these events. Over the next 5 min,
subjects were habituated to inflations and deflations.

REsuLTs
Checks on Procedure

To insure that instructions in the two
conditions involving slides indeed differen-
tially affected the respective processing load
and effort, half of the subjects (randomly se-
lected) in these conditions were again
shown, after the choice trials, each of the 10
slides for 5 sec. Following each exposure,
subjects were asked questions about the
painting. Questions were standardized and
somewhat different for each painting. They
referred to the number of people or ships
portrayed, the presence or absence of halos,
church spires, or animals, and the like. The
perfect score on this test was 20. The 10 sub-
jects who had received the memorization
instructions scored significantly better [M =
13.00; two-tailed ¢(18) =2.78, p < .02]
than did the 10 subjects who had not re-
ceived such instructions (M = 6.60). Thus,
the memorization subjects did store more
information and presumably expended miore
processing effort during the choice trials
than the no-memorization subjects.
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A question may also be raised whether
subjects in the contour-tracing condition
took their instructions seriously. If they did,
they should have completed far more items
than the digit-symbol group, in view of the
respective difficulty of the two tasks. This
was indeed the case. The digit-symbol sub-
jects completed 249.60 items correctly on
the average, which was only 69% of the
number of items completed by the contour-
tracing subjects, M = 362.60; two-tailed
t(38) = 2.99, p < .01. It is thus safe to con-
clude that the contour-tracing subjects en-
gaged in at least as much physical activity
(rapid writing) as did the digit-symbol
subjects.

Systolic Blood Pressure

A total of 12 readings of blood pressure
was obtained from each subject. Due to
negligible differences, the first 4 readings
(1 before and 1 after the initial-prefer-
ence trials, and 2 during these trials) were
averaged and treated as a subject’s resting-
state pressure. Four additional measures
were calculated (based on 8 readings):
stimulation-early (an average of the read-
ings during the first and fourth 20-sec pe-
riod of prechoice stimulation), stimulation-
late (an average for the seventh and tenth
period), choice-early (an average for the
first and third sub-block of 5 choice trials),
and choice-late (an average for the sixth and
eighth sub-block). A difference score was
obtained between each of the above four
measures and the subject’s resting-state

8 The four simple-melody pitches (note names
and cycles per second) were F. (349), Gs (392),
Ay (440) and Cs (523); durations (2) were 333
and 667 msec; loudness levels (2) were 75 and
80 dB. Complex-melody pitches (18) were F., G,
A, BY (466), Cs, D; (587); Fs (175), As (220),
C. (262), Dy (294), Fs (698), Gs (784); F. (87),
Cs (131), Ds (147), As (880), Ce (1,047), Fe
(1,397) ; durations (8) were 40, 81, 162, 323, 485,
646, 970, and 1,293 msec; loudness levels (4) were
70, 75, 80, and 85 dB. Durations within a type
were in prime number ratios, thus producing an
underlying rhythmic pulse, or “tempus,” known as
“guantitative rhythm,” and common in twentieth-
century musical composition.
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measure, These difference scores were sub-
mitted to a 2 (aversive stimulation vs. mild
stimulation) X 5 (tasks during choice) X 2
(during stimulation vs. during choice) X 2
(early vs. late) analysis of variance. The
last two factors were within subjects.

The mean systolic-pressure difference
scores are presented in Table 1. The means
were all positive, although the blood pressure
of a number of subjects was actually lower
than at resting state, The main effects of
both the type of stimulation and early/late
factors were highly significant in the ex-
pected direction [F(1,90) = 2241, p < .01,
MS.= 6.86, for the type of stimulation fac-
tor; F(1,90) =29.61, MS. = 3.31, for the
early/late factor]. The significant interaction
of these two factors, F(1,90) = 23.40, M.S,
= 3.31, indicated that the difference between
the effects of aversive and mild stimulation
was almost entirely due to readings taken
early in the session.

The main effect of type of task was also
significant, F (4, 90) = 2.51, p < .05, MS,
= 6.86. Subjects were by far the most
aroused by the digit-symbol task; the con-
trast between the digit-symbol treatment and
the other four conditions yielded an F(1, 90)
of 7.19, p < .01; the residual was not signifi-
cant, F(3,90) < 1. However, the digit-sym-
bol subjects, who not only engaged in rapid
writing, but also presumably experienced
conceptual conflict, were not significantly
more aroused than subjects in the contour-
tracing condition, who merely wrote rap-
idly, F(1, 90) = 1.32. In addition, whereas
the latter subjects were somewhat more
aroused than the no-task subjects, F(1, 90)
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=266, p < .11, there were no differences
between the no-task condition and the two
treatments involving slides, which also did
not differ from each other (all Fs < 1).

In summary (a) aversive stimulation was
arousing, but mainly early in the session,
(b) conditions involving physical activity
(rapid writing) were more arousing than
those that involved watching slides or no
task at all, (c) the increment in arousal due
to conflict and problem-solving activity was
very small (the digit-symbol condition vs.
the contour-tracing condition), and (d) the
treatment involving the storage of informa-
tion (slides memorization) did not differ
from merely watching slides or having no
task at all: None of these were arousing.

Choice of Melodies

The choice data, in the form of propor-
tions of complex-melody choices, were trans-
formed into arcsine units and submitted to
the 2 X 5 X 5 analyses of variance and co-
variance. The proportion of complex-melody
choices made by subjects in the initial 10
trials served as the covariate. The main ef-
fects of both stimulation and type of task
were statistically significant and further en-
hanced when initial preferences were con-
sidered [F(1, 89) = 6.90, p = .01, for the
stimulation factor; F(4, 89) =297, p=~
.02, for type of task; MS,=.2252; the
within-cell regression was homogeneous,
F(9, 80) = 1.10, ns]. The effect of blocks
and all interaction terms were entirely negli-
gible. The cell means, adjusted for initial
preference, were converted back to propor-
tions; Table 2 presents the mean percent of

TABLE 1
MEeAN SysToLIC BLoob PrESSURE DIFFERENCE Scores (1IN MM Hg) By EXPERIMENTAL CONDITION

Task during choice

Contour Slides/mem- Slides /no

No task Digit-symbol tracing orization memorization
Type of stimulation
Time of
Measurement measure- Aver- Aver- Aver- Aver- Aver-

during ment sive  Mild sive  Mild sive  Mild sive Mild sive  Mild

. . Early 3.0 .5 4.3 2 3.8 1.0 2.9 .8 3.0 i
Stimulation 77 9 2 19 9 12 .9 9 8 10 .6
. Early 2.5 .6 3.7 3 3.2 1.6 2.5 .8 2.5 i
Choice Late 9 5 20 20 15 13 10 9 14 10
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TABLE 2
MEeAN PErceENT oF CoMPLEX-MELODY CHOICES BY EXPERIMENTAL CONDITION

Task during choice

A 3 3 Slides/mem- Slides/no mem-
Prechoice stimulation No task Digit-symbol Contour tracing orization orization
Aversive 39.48 20.87 41.80 25.84 43.89
Mild 54.37 35.93 47.55 41.78 51.63

Note. n = 10. The means were adjusted for initial preference.

complex-melody choices by experimental
condition of the basic 2 X 5 design.

It is evident that the exposure to aversive
stimulation sharply reduced subjects’ pref-
erence for complex melodies. The absence of
an interaction (F < 1) indicated that this
was true irrespective of the type of task in
which subjects engaged during the choice
trials. Thus, aversive stimulation both in-
creased the level of arousal and decreased
the preference for complex melodies, which
replicated the results of Konecni et al. (in
press). A correlation was also computed be-
tween the proportion (in arcsine units) of
each subject’s complex choices over 50 trials
and her mean systolic blood-pressure eleva-
tion over base level during these trials. Over
100 subjects (this also holds within each of
the 10 conditions), a significant negative
correlation was obtained, r(98) = —.33, p <
.01, In general, the greater a subject’s sys-
tolic elevation over base level, the smaller
the proportion of complex melodies chosen.

However, choice was affected to a consid-
erable degree by the particular task in which
a subject was engaged while making choices
and processing the chosen melodies. The
digit-symbol and slides-memorization tasks
were by far the most successful in reducing
the preference for complex melodies. The
contrast of these two conditions with the re-
maining three, F(1, 83) =11.09, p < .01,
accounted for virtually all of the variance
due to the type of task; the residual was en-
tirely negligible, (3, 89) < 1.

The above contrast captures statistically
and theoretically what we see as the essence
of the differential effects of various activities
performed concurrently with choice. The
digit—symbol task and the task of closely
attending to and memorizing details of paint-

ings presumably demanded more processing
capacity than other tasks; as a consequence,
more capacity was allocated to these tasks
(cf. Kahneman, 1973). Since complex stim-
uli are presumably more difficult to process
than simple stimuli, and given that the op-
tion existed, subjects chose to expose them-
selves and process the less demanding addi-
tional stimulation (simple melodies) in order
to avoid a processing overload.

Note that the arousal aspects of cognitive
tasks were quite irrelevant. The slides-mem-
orization subjects were far less aroused than
the digit-symbol subjects, but chose as few
complex melodies (F < 1). Also, the digit-
symbol group was no more aroused than
the contour-tracing group, but chose far
fewer complex melodies, F (1, 89) = 4.59,
= .035. Finally, the slides-memorization
subjects were as little aroused as those with-
out the memorization instructions and those
without any task at all; yet, the former
group chose significantly fewer complex mel-
odies than did the latter two groups, F (1,
89) = 4.03, p = .048. This converging evi-
dence provided strong support for the pro-
cessing-capacity position.

Discussion

Overall, the evidence in favor of the pro-
cessing-capacity position was diverse and de-
tailed, and has led us to the following con-
clusions: (a) At least some activities that
require little processing effort have no dif-
ferential effect on choice, even though they
raise the level of arousal (e.g., the contour-
tracing condition) ; (b) a behaviorally iden-
tical activity may have a very pronounced
effect on choice when it involves the pro-
cessing of information (the digit—symbol
treatment) ; (c¢) active processing of infor-
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mation, without any arousal components,
may reduce the choice of complex melodies
(e.g., the slides-memorization condition) ;
and (d) at least in the present experiment,
the increment in arousal level and decrement
in the choice of complex melodies due to
conceptual conflict were both negligible.
Thus, processing factors, “uncontaminated”
by the arousal-level considerations, had a
direct and powerful effect on the choice of
simple/complex melodies. This can be read-
ily understood if the present experiment is
regarded as a special case of a divided-atten-
tion situation. Our subjects had to process
information from two sources during the
same time period. One source of information
(task) was “compulsory,” and to it was
allocated as much capacity as demanded (cf.
Kahneman, 1973). However, subjects had a
choice over what other information they
would process (simple vs. complex melo-
dies). Moreover, from the initial demonstra-
tion and early trials, subjects were aware of
the relative complexity of the two types of
melodies and of the respective processing
effort required. Therefore, across conditions,
subjects’ choices may have been guided by
the differential processing demands of the
compulsory tasks, that is, by the amount of
processing capacity unconsumed by these
tasks. The greater the spare capacity (the
smaller the likelihood of an overload), the
greater the proportion of complex-melody
choices, given that the two types of melodies
were initially liked about equally. The two
types had, of course, been specifically chosen
to satisfy the latter requirement on the basis
of the work of Crozier (1974), and Koneéni
et al. (in press). In the present experiment,
this was confirmed by the mild stimulation—
no-task subjects who made 54.37% of com-
plex choices (56.17% in a similar condition
of the study by Konecni et al.).

How does arousal fit in this scheme?
After all, aversive stimulation (compared to
mild) increased the level of arousal and de-
creased the proportion of complex-melody
choices. Also, there was a significant nega-
tive correlation, across all subjects, between
the increase in the level of arousal over base
level and the proportion of complex-melody
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choices. Finally, procedural precautions had
been taken to decrease the plausibility of
application of the coping hypothesis, which
can be interpreted as focusing on the pro-
cessing of the aversive information itself and
as treating the arousal-level increase as epi-
phenomenal. We suggest that whereas in
some circumstances an arousal-level increase
is an important determinant of choice, it may
even then be a second-order determinant,
mediated by the cognitive labeling processes
(e.g., Koneéni, 1975a, 1975b), and by a de-
crease in the available processing capacity.
As mentioned previously, some sort of a
decrement in processing capacity as a func-
tion of a high level of arousal has often been
suggested (e.g., Broadbent, 1971; Easter-
brook, 1959; Kahneman, 1973; Sokolov,
1963), and there is the additional—thor-
oughly uninvestigated, but reasonable—pos-
sibility that the cognitive monitoring of
physiological changes may require processing
effort. Such an analysis facilitates the inter-
pretation of most of the present and many
earlier findings in that it assumes that both
a high level of arousal and the demanding
cognitive tasks reduce the choice of complex
patterns by virtue of decreasing the process-
ing capacity. Whereas in principle it remains
possible that arousal affects choice directly
through an independent mechanism that by-
passes the processing-capacity factors, this
idea appears to lack both plausibility and
parsimony. Not only is it unclear as to what
the features of such a mechanism might be,
but its output would still have to be com-
bined at some point in the central nervous
system with the effects of cognitive tasks—
which have been shown to be mediated by
the processing-capacity factors.

By no means should these conclusions be
interpreted as stating that the choice involv-
ing simple/complex stimuli is governed
solely by the processing-capacity factors.
Just as the effect of arousal level may be
mediated by the differential cognitive label-
ing and by the capacity variables, the effect
on choice of the capacity factors themselves
may perhaps be modified by the social con-
text and certain tasks typically not encoun-
tered in the laboratory. There may be situa~
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tions and “pleasant” tasks where people
would actively seek a processing overload.
An interesting additional modifier of choice
emerged in the present experiment. The case
in point was subjects’ behavior over trials:
Whereas the effect of aversive stimulation on
blood pressure was far more effective early
than late in the session (see Table 1), there
was no effect of trials on choice (F = 1.00).
Inspection of the individual curves revealed
that this was true for the majority of sub-
jects. Similar results were also obtained in
the pilot study and the Konecni et al. (in
press) study. An intriguing possibility is
that the subjects’ processing capacity was re-
duced by the early arousal-level increase,
that this led to few complex-melody choices
being made in the early trials, and that the
same ‘“‘choice set” was then maintained for
the rest of the trials. Subjects thus seemed
to ignore their actual physiological recovery
and the presumed increase in spare process-
ing capacity. We have data, not reported
here, which show that a choice “recovery”
also gradually took place; however, this oc-
curred only after all tasks and stimulation
had been removed, in a situation resembling
the initial-preference trials.

To conclude that the choice involving sim-
ple/complex melodies is multiply deter-
mined would be an understatement. Never-
theless, in going beyond the general-arousal
considerations and demonstrating the utility
of application of the processing-capacity
model, the present research may have clari-
fied at least some aspects of the interaction
between the cognitive and motivational de-
terminants of choice. In addition, whereas
the research hopefully addressed some issues
more basic than those involved in aesthetic
choice, it seems that our results are also rele-
vant for music preference and appreciation:
(a) Structural aspects of the melodies were
musical (see Footnote 3), even though the
melodies were not “real” compositions; (b)
subjects were asked to follow their music
preferences in choosing between melodies;
and (c) subjects told us that they perceived
the melodies as music and enjoyed them.
Finally, the present divided-attention/choice
paradigm may be treated as a loose analogue
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of many real-life situations where the type
of music one chooses to listen to may in part
be governed by the processing demands of
the activity in which one is concurrently
engaged.
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