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Cross-modality matches suggest anticipated
stage fright a multiplicative power function

of audience size and status

BIBB LATANE and STEPHEN HARKINS
The Ohio State University, Columbus, Ohio 43210

Subjects adjusted the sound pressure level of a l,OOO-Hz tone or the luminance of a 10° target on
a translucent screen to match their anticipated subjective tension in performing before audiences
represented by 1-16 color slides of old or young males or females. Consistent with a new theory of
social impact, "tension" was a multiplicative power function of the number (exponent ~ .6) of people
in the audience and their ages, with older (37-year-old) audiences generating 2~3 times the tension
of younger (teen-age) audiences. Male audiences elicited 5%-40% more tension than females.

Social impact, broadly defined as any effect of
the presence or actions of other people on an indi
vidual, can be analyzed as the result of social forces
operating in a social force field in much the same
way that physical forces operate in physical force
fields (Dodd, 1950; Lewin, )°15; Stewart, 1952;
Zipf, 1949; Knowles, Note 1). Given this conception,
we should expect that the intensity of a social flux
should be determined by factors and laws similar to
those that determine, for example, the intensity of a
luminous flux. Just as the amount of light falling
on a surface is determined by the wattage, proximity,
and number of bulbs shining on that surface, so too
the effect of other people in a social situation is deter
mined by the importance, closeness, and number of
people in that situation. When a person is the target
of social forces emanating from other people, then,
a new theory of social impact (Latane, Note 2)
suggests that the magnitude of those forces should
be a multiplicative function of the strength,
immediacy, and number of people present.

As in the case of physical stimuli, however, the
psychological effect of other people may not be
simply a linear function of their number or strength.
Rather, social impact may obey psychosocial laws
similar to the psychophysical laws which govern the
subjective impact of such physical dimensions as
sound or light intensity. With respect to increases in
the number of people affecting an individual, for
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example, Latane suggests that generally one should
expect there to be marginally decreasing impact with
the Nth person in the force field adding less than
the (N - l)th. Specifically, Latane suggests that
there may be a power law of social impact compar
able to the power law of psychophysics proposed
by S. S. Stevens (1957, 1975). Stevens claims that
the psychological intensity of a stimulus, tjJ, will
equal a scaling constant, k, times the physical in
tensity of the stimulus, ~, taken to a characteristic
power, f3 or tjJ = k~f3· Likewise, Latane proposes
that the psychological impact of other people, I, can
be represented as a situational scaling constant, s,
times the number of people present, N, taken to some
root, t: or I = sNt. Since we expect marginally de
creasing impact with increases in N, the exponent t
of this power function should be less than 1.

Finally, the theory differentiates two basic types
of social situations which result in two different
kinds of social force fields. In the kind of situation
we have been considering so far, an individual is the
target of social forces emanating from other persons,
and increases in the number, strength, or immediacy
of these persons should result in increased social
impact. We call this multiplication of impact. In a
second type of social situation, an individual stands
with other people as a member of the group upon
which social forces are impinging. In this kind of
situation, Latane predicts a diffusion or division
of impact such that increases in the size, strength,
or proximity of the group should result in decreased
effect of outside forces on individual members of
the group. As with the multiplication of social
impact, the relation between number of people in a
group and the resultant impact on an individual
should still be a power function with an exponent less
than one, but in such cases, we should expect to find
inverse power functions, I = sN-t. This process is
called the division of social impact.
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Support for the notion of division of impact has
been provided by research carried out by Latane and
his colleagues. For example, research on bystander
intervention has consistently shown that individuals
are less likely to respond to an emergency when other
people are present than when they are alone (Latane
& Darley, 1970). Also, tipping (Freeman, Walker,
Borden, & Latane, 1975) and trying to pick up
dropped coins and pencils (Latane & Dabbs, 1975)
decrease as inverse power functions of group size
with exponents of less than one. To date, however,
no studies have been reported directly designed to
test the relationship between group size and social
impact in a multiplicative force field.

The purpose of the present research was to extend
this analysis to a situation in which the person is the
target of social forces coming from other people,
namely, audiences varying in size from 1 to 16. In
addition to determining whether the power law
applies when social impact is multiplied, the research
involved manipulation of the status of the group
which was the source of these pressures, thereby
allowing a test of the hypothesis that social impact
is a multiplicative function of strength and number.

In this study, we were interested in the intensity
of social embarrassment occasioned by appearing
in public. Although many of us have been exposed to
the embarrassing or even debilitating experience of
performing in front of audiences, the mechanism
that mediates stage' fright or performance appre
hension is not at all well understood. Despite a num
ber of discursive treatments in the psychological
literature dating back to Woolbert's (1916) interest
ing analysis of the audience [and, of course, phe
nomenological treatments in sociology (Goffman,
1959), literature, and drama], there has been relatively
little systematic empirical research on embarrass
ment or stage fright.

Zajonc (1965) marshals impressive evidence for
the proposition that the mere presence of a passive
audience should impair the learning of new responses
but facilitate the performance of those that have
already been learned, and this proposition has stood
up reasonably well to further empirical test (e.g.,
Martens, 1969). Zajonc links up his proposition to
Hull-Spence learning theory and suggests that the
presence of others leads to the arousal of D and a
concurrent increase in the probability of dominant
responses. The implications of social facilitation
theory (see also Cottrell, 1972) for embarrassment
or performance apprehension are not clear.

Modigliani (1968) believes that embarrassment
should be greater in front of strangers than in front
of friends, but Brown and Garland (1971) have
found data consistent with an opposite interpreta
tion. Using the devilish task of asking people to
sing "Love is a Many-Splendored Thing" in front of
bogus audiences (see also Brown, 1970; Brown,
Garland & Mena, 1971; Garland & Brown, 1972),

Brown and Garland found that people sing longer
in front of strangers than in front of friends, pre
sumably because they are less embarrassed.

Brenner (Note 3) employed a psychological stress
evaluator to analyze the degree of square and
diagonal blocking in the voice patterns of students
reciting Edgar Allan Poe's "The Bells" before
audiences ranging from 0 to 22 spectators. Walker
(1974) asked subjects to make category judgments
and magnitude estimates of how nervous they would
feel while singing in front of audiences ranging from
1 to 16 members. Both report that tension seems
to grow as a power function of audience size.

To follow up on these intriguing starts, we turned
to a less involving but more controllable task: we
used cross-modality matching techniques developed
in the study of sensory psychophysics. Subjects were
asked to imagine that they had memorized a poem
which was to be recited in front of audiences varying
in size and status and to estimate the amount of
tension or anxiety they would experience by adjusting
the luminance of a translucent screen or the intensity
of a I,OOO-Hz tone to match.

The use of such cross-modality matching measures
in the study of social psychological phenomena
follows the lead of Dawson and Brinker (1971),
whose subjects adjusted loudness, force of hand
grip, and apparent duration to match the strength
of their opinions regarding racism, occupational
desirability, and pronounceability of trigrams.
Dawson (1975) and his colleagues (Brennan, Ryan,
& Dawson, 1975; Dawson & Mirando, 1975, 1976)
term the method sensory-modality matching since
it involves adjusting one sensory modality to a set
of items of stimuli not belonging to a simple sensory
continuum. Other experimenters (Hamblin, 1971;
Kunnapas & Wikstrom, 1963; Shinn, 1969; Welch,
1971) have used magnitude estimation in their study
of social psychological variables; Stevens (1966,
1975) has described these and other efforts to develop
a "metric for the social consensus."

We made the following predictions: (1) The
number of persons in an audience and tension will
be related by a power function with an exponent
of less than one; (2) this exponent will be approxi
mately the same regardless of the modality used
(i.e., brightness or loudness); and (3) audiences
composed of older, higher status· people should
engender more tension, and, since it is postulated
that audience size and status are multiplicatively
related, there should be greater differences for larger
audiences.

METHOD
Subjects

Twenty-six Ohio State University undergraduates volunteered
in order to fulfill a Psychology 100 course requirement and were
tested individually in a single hour-long session. Ten participated
in the preliminary experiment described below, 16 in the main
experiment.
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Apparatus
The luminance of a 4-in. circle on a translucent screen approxi

mately 2 ft in front of the subject and subtending a visual angle
of 10° could be controlled by adjusting the voltage impressed on
a 200-W bulb in 5-V steps ranging from 35 to 90 V. A Maico
audiometer was used to vary the intensity of a I,OOO-Hz tone
in 5-dB steps ranging from 42 to 97 dB. The tone was mon
aurally presented over TDH 39 headphones, with the ear used
(right or left) determined randomly for each subject.

General Procedure
Subjects were tested individually in a soundproof booth. They

were informed that brightness or loudness could be increased
in intensity by pressing one button, decreased in intensity by
pressing another button, and would remain constant if neither
button was pressed. Students then practiced controlling the
intensity of both brightness and loudness. Stimuli were
presented in randomly determined sequences, with the exception
that subjects made all their matches within a given pair of
modalities at one time.

Preliminary Experiment
After familiarization with the response modes, 10 subjects

made magnitude estimates of both loudness and brightness using
a free modulus procedure in which they could assign whatever
number they deemed appropriate to the first stimulus but had to
assign later numbers in proportion to the apparent intensity of
the stimulus. Fractions were allowed but zero and negative
numbers were not. Subjects made magnitude estimates for 12
luminances ranging from 2.8 to 251 fL, as measured by a Pritchard
photometer, and 12 sound-pressure levels ranging from .025 to
14.16 dynes/em'.

A second pair of tasks involved magnitude production for
brightness and loudness. The experimenter read a series of 12
numbers ranging from 1.25 to 100 over the intercom, and the
subjects adjusted brightness or loudness levelsto match.

Main Experiment
Sixteen subjects completed four cross-modality matching tasks.

In two, subjects were asked to adjust brightness to match 12
sound-pressure levels or to adjust loudness to match 12 levels
of luminance. For the other two tasks, the subjects were asked
to imagine that they had memorized a poem and were to recite it
in front of an audience, colored slides of whose faces would be
presented.

"Audiences" consisted of I, 2, 4, 8, or 16 faces of persons,
either males or females, either in their early teens or in their late
30s, sequentially presented at the rate of IIsec. ' The subjects
saw two replications of Audience Size I and one replication of
Audience Size 2,' 4, 8, and 16, thereby making six judgments
within each age-sex category. Audiences were composed randomly
for each subject, with different slides for the brightness and
loudness matches, and were presented in a randomly determined
order which differed for each subject. Altogether, the subjects
saw slides of 128 different people, but each person was seen
twice in different audiences. The subjects were asked to make the
screen as bright or the tone as loud as they would be 'anxious,
nervous, or tense if they were asked to recite a poem in front
of an audience composed of the persons whose faces had just
been shown to them.

RESULTS

Exponents for Loudness and Brightness
Since the existence of a power law implies that

relationships should be linear in log-log coordinates,
the magnitude estimation and production data from
the preliminary experiment were expressed in

logarithmic units and subjected to one-way analyses
of variance with log stimulus level as the factor. 2

Although there were significant but slight deviations
from linearity for brightness estimation [F(1O,99) =
3.3J and production (F = 2.2) and for loudness pro
duction (F = 6.6), the proportions of the total
variance accounted for by the overwhelming linear
trends ranged from 61070 for brightness estimation to
85070 for loudness estimation, 92% for loudness pro
duction, and 93% for brightness production." Thus,
the present setting produces very good, but not quite
perfect, power functions.

The exponent for the power function implied by
the loudness estimation data is .45 and by the loud
ness production data, .61. Taking the geometric
mean of these exponents to control for regression
effects as suggested by Stevens and Greenbaum
(1966) results in 'an exponent of .52, which is the
exponent for loudness in this setting. This approxi
mates the median value of .54 found in a distribution
of 71 estimates of loudness exponents compiled by
Marks (1974). Although it is lower than the value of
.67 recommended by Stevens (1972), it is similar to
the value of .54 reported by Stevens (1961) for
monaural presentation.

The exponent for the power function implied by
the brightness estimation data is .41 and by the
brightness production data, .71. The geometric mean
of these exponents is .54, which is the exponent for
brightness in this setting. This exponent is higher
than the .33 recommended by Stevens (1975), but
subjects were not dark adapted since they would be
required to view slides.

Cross-Modality Matches of Brightness and Loudness
The data from the main experiment were trans

formed into log units and subjected to one-way
analyses of variance. Although there were again
slight, but significant, deviations from linearity for
both the loudness to light [F(1O,165) = 2.5)J and
brightness to sound matches (F = 2.1), the linear
trends again were overwhelming, accounting for
95% and 93% of the total variance. These linear
trends imply exponents of 1.26 and .94, respectively,
which produce a geometric mean of 1.08. This
experiment should represent the ratios of the
exponents for brightness and loudness, and is reason
ably close to the value of 1.04 achieved in the pre
liminary experiments with magnitude estimation and
production techniques.

Cross-Modality Matches of Psychosocial Stimuli
The data were again transformed into logarithmic

units and analyzed in 2 by 2 by 5 within-subject
ANOVAs with the sex, the age, and the log of the
size of the audience as factors. Since, unless other
wise noted, all p values were less than .01, we present
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Figure 1. Social tension as indicated by adjusted sound pressure
level in decibels as a function of audience size (log spacing) and
status.

normal units for the brightness matches; the compar
able relationship for loudness is similar in form.

The lack of interactions between audience size and
status in log units also implies that the slopes, and
therefore the exponents, for the high and low status
audiences do not differ," while the main effects for
status imply differences in unit value. The ratio of
the sound pressure levels accorded old and young
audiences was 1.95; the ratio of the comparable
luminances was 2.96. Subjects thus appear to be

4 8

SIZE OF AUDIENCE

Figure 2. Social tension as indicated by adjusted luminance
in foot lamberts as a function of audience size and status.
Note change to linear coordinates to display multiplicative
relationship of size and status.

w1, the proportion of variance accounted for, as a
guide to the size of effects.

As audience size increased, subjects matched their
subjective tension with increasing loudness of tone
[F(l,15) = 47.3, w1 = 56010]. The linear component
accounted for 99010 of the variance attributable to
audience size [F(l,6O) = 186], and deviations from
linearity (that is, deviations from a power function)
were not significant, [F(3,6O) = .56, p = .65J.

The slope of this linear trend, and therefore the
exponent of the power function implied by it, was
found to be .99. Since in cross-modality matching
this exponent should represent the ratio of the
exponent for effect of audience size and the exponent
for loudness, and since the exponent for loudness in
this setting is .52, this result implies that the exponent
for the effect of audience size on rated tension is
about .52.

Figure 1 displays the relationship between audience
size and status and loudness matches plotted in
logarithmic coordinates. As noted above, the linear
fit implies a power function. As can be seen in
Figure 1, subjects indicated that audiences in their
late 30s engendered more anxiety than audiences in
their young teens [F(l, 15) = 46.1, w 1 = 12%]. In
addition, male audiences elicited more tension than
did female audiences (F = 16.5, w1 = 5%).

As audience size increased, subjects also matched
their subjective tension with increasing brightness of
screen [F(l,15) = 45.0, w1 = 63%). The linear
component accounted for 970/0 of the variance attri
butable to audience size [F(I,6O) = 175). Again,
there were no significant deviations from linearity
(i.e., from a power function) [F(3,6O) = 1.67,
p > .20]. The exponent for the power function
implied by this linear trend was found to be 1.11.
Since the exponent for brightness in this setting is
.54, this result implies that the exponent for the effect
of audience size on rated tension is about .60.

As in the analysis of loudness matches, subjects
indicated that audiences in their late 30s aroused
more anxiety than audiences in their early teens
[F(l,15) = 43.8, w 1 = 16%J. In addition, the effect
of sex of audience approached conventional signifi
cance levels (F = 2.81, p < .12, w1 = 1%), with
male audiences causing more' tension than female
audiences.

There were no interactions between age or sex and
audience size (ps > .20r Since age and audience size
did not interact, the main effects for these variables,
expressed in log units, imply an additive relation
ship. However, adding logs is the same as multiplying
the antilogs, and thus the data are consistent with
the hypothesis that impact is a multiplicative func
tion of status and number. This multiplicative
relationship results in there being greater differences
due to age and status for the larger audience sizes.
Figure 2 displays this multiplicative relationship in
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telling us that the 37-year-old audiences were 2 to 3
times as tension arousing as the teenage audiences.
Sex differences were not as pronounced; on loudness
matches, males were seen as generating 40070 more
tension but only SOlo more on brightness matches.

DISCUSSION

It is probably no surprise to psychologists familiar
with cross-modality matching that people can do a
good job on these tasks, but we were impressed by
the remarkable ease and confidence with which our
subjects made these unusual comparisons. Not only
were subjects able to equate such disparate com
modities as nervousness, loudness, and brightness,
but they did so in an impressively lawful manner.

The generality of these results may be limited by
the fact that they are based on subjective estimates
about reactions to imagined situations. One problem
with subjective estimates is uncertainty about their
relationship with underlying psychological struc
tures. Although Anderson (1972) and others have
presented persuasive arguments challenging the
validity of magnitude estimation and other forms
of cross-modality matching as measures of true
sensation, other work in our laboratory (Walker,
1974) and elsewhere (Curtis, Attneave, & Harrington,
1968; Marks, 1974; Ward, 1972) has shown that
similar power functions obtain with the use of
category rating scales as with magnitude estimation.

A second problem with subjective estimates is their
potential responsiveness to such sources of bias as
experimenter demand. Although cross-modality
matching cannot prevent subjects from responding
to the experimenter's expectations with regard to
the existence or direction of effects, the complexity
of the transductions involved would seem to make
it unlikely that subjects are merely responding to
demand characteristics with respect to the shape
of the function. The fact that we found the same
functions and approximately the same exponent
whether subjects adjusted loudness or brightness
increases our confidence that both results reflect
the same underlying relationship.

Results of an experiment on stuttering reported
by Porter (1939) provide evidence that the relation
ship we found between stage fright and audience
size may also hold in situations involving natural
behavior and real audiences. In that experiment,
10 male and 3 female stutterers, all receiving remedial
speech instruction at the University of Iowa, were
asked to read SOO-word passages in front of audi
ences consisting of 0, 1, 2, 4, and 8 members.
Since stuttering is a behavioral response to the
tension and nervousness induced by public per
formance, social impact theory would predict that
it should grow as a power function of audience size
with an exponent less than one. In fact, our re-
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Figure 3. Stuttering as a function of audience size (Porter,
1939).

analysis of Porter's data (the open circles in Figure 3)
shows that the best-fitting power function (the
dashed line) accounts for 90070 of the variance and
has an exponent of about .4.

The results were generally consistent with social
impact theory, which suggests that stage fright, like
many other social phenomena, can be analyzed as
resulting from the operation of social forces in a
social force field. Consistent with this conception,
subjects anticipated more tension in performing be
fore audiences that presumably should generate
strong social forces (larger numbers of older, better
dressed people) than before audiences which could
be expected to generate a less intense social flux
(small numbers of young people) and the number
and age-status of the people in the audience seemed
to combine as a simple multiplicative function rather
than additively.

A second principle of social impact theory is that
impact should obey a psychosocial law similar to
Stevens' psychophysical law. Analysis showed that
subjective estimates of stage fright and audience
size were related by a power function with an
exponent less than one. As expected, performance
anxiety was a direct function of, but did not grow
so fast as, the number of people in the audience.
Differences in the age and status of the audience
affected the unit values, not the exponent of the
power function, thereby being expressed in the multi
plicative constant s of the power function: 1 = sNt.

Since status was not quantified in the present ex
periment, the relationship between status and s is
unknown. We cannot specify the form of the relation
ship beyond stating that perceived tension appears
to be a multiplicative function of some function of
status and a power function of size. It would be
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interesting to scale status so that the form of this
function could be determined. Tension may well also
be related to status by a power function.

Probably no one is too surprised to learn that
performance apprehension is larger when one expects
to appear before a large audience of middle-aged
males than before a small number of teenagers. The
use of psychophysical techniques, however, has given
us a precise test of the form of the relationship
between group size and social tension, ratio measures
of the effects of age and sex on anxiety, and a
demonstration of the multiplicative relationship
between size and status. We think these accomplish
ments attest to the continued vitality of psycho
physical concepts and techniques and their applic
ability to new areas of inquiry.
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NOTES

1. A reviewer notes a possible confounding between audience
size and the time available to subjects to think about their judg
ment. We considered using photographs of different sized groups
(and indeed conducted preliminary research with such slides).
However, this alternative procedure might have resulted in prob
lems stemming from the fact that audience members would vary
in image size and would tend to obscure each other in larger
audiences. Although our preliminary work with group pictures
led to strong group size effects as predicted, we adopted sequential
presentation in the main experiment since the problems of time
differences (Tesser & Conlee, 1975) seemed less bothersome than
the confounds resulting from the use of group photographs.

2. The conservative degrees of freedom suggested by Green
house and Geisser (1959) for within-subjects effects were used

for all analyses. Unless otherwise specified, all p values are two
tailed and less than .01.

3. These proportions are of the total variance in individual
judgments and are quite impressive. In terms of the more con
ventional style of reporting, power functions accounted for 92070
99070 of the variances among the means.

4. As a further test, individual exponents were calculated for
each age-sex combination for each subject for both brightness
and loudness. These data were analyzed in 2 by 2 within-subject
ANOVAs with age (early teens vs. late 30s) and sex of audience
as factors. There were no differences in exponent due to age or
sex for either brightness, ps > .30, or loudness, ps > .10.
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