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Social judgments are made on the basis of both visual and
auditory information, with consequential implications for our
decisions. To examine the impact of visual information on expert
judgment and its predictive validity for performance outcomes,
this set of seven experiments in the domain of music offers
a conservative test of the relative influence of vision versus
audition. People consistently report that sound is the most
important source of information in evaluating performance in
music. However, the findings demonstrate that people actually
depend primarily on visual information when making judgments
about music performance. People reliably select the actual winners
of live music competitions based on silent video recordings, but
neither musical novices nor professional musicians were able to
identify the winners based on sound recordings or recordings with
both video and sound. The results highlight our natural, auto-
matic, and nonconscious dependence on visual cues. The domi-
nance of visual information emerges to the degree that it is
overweighted relative to auditory information, even when sound
is consciously valued as the core domain content.

social perception | cognition | decision making | evaluation |
communication

e do judge books by their covers. We prefer the nicely

wrapped holiday gifts (1), fall in love at first sight (2), and
vote for the politician who looks most competent (3). Daily life is
littered with examples of how visual information can have
a powerful effect on social cognition, ranging from interpersonal
perception to consumer judgment (4-7).

In music, however, it is auditory information that defines the
domain. Hiring committees have embraced “blind” screenings
(8) not only out of the pursuit of fairness, but also in response to
critics who disparage those who prioritize visually stimulating
choreography over the composer’s intended sound (9, 10). Pro-
fessional musicians consistently report that sound is the most
important information in the evaluation of music (11). After all,
the foundation of the field was built upon the creation of a better
sound; ear-training classes are part of the core curriculum at major
conservatories, and performance is evaluated during auditions.

Given the wide consensus that sound is central to judgment
about performance in music (12), our judgments should be
limited if we are denied access to sound. Although people often
make evaluations quickly on the basis of visual cues (4-7, 13, 14),
these cues have traditionally been neglected (15) and discounted
as peripheral to the meaning of music (16). However, people can
lack insight into their own preferences and cognitive processes
(17-19), or be unable or unwilling to report their beliefs (20, 21).
These findings suggest that there may be gaps between what we
say we use to evaluate performance and what we actually use.
People may be unlikely to recognize or admit that visual displays
can affect their judgment about music performance, particularly
in a domain in which other signals are deemed to be more in-
dicative of quality.

Using real competition outcomes, this series of experiments
empirically tests the impact of visual information on expert judg-
ment. In highly competitive arenas such as music, competitions
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emerge as one launching pad for establishing careers. With these
important decisions at stake, professionals are sought for their
expertise to identify the best. Indeed, no matter what domain, the
judgment of performance occupies a key area of investment.
Experts are trained and societal institutions are constructed to
identify, develop, and reward the highest levels of achievement.
We trust that professionals can judge performance through their
specialized knowledge; these are the leaders who are responsible
for shaping the landscape of the future of their fields. In music, we
expect that professionals would critique the sound of music.

However, research points to the influence of visual infor-
mation on the perception and processing of sound (22, 23),
extending even to the domain of music (16, 24). Given that the
literature suggests that either audition (25-27) or vision (28-30)
may dominate, and that the two modalities can be complemen-
tary (31-35) and share many similarities in their cognitive pro-
cessing (36, 37), these experiments offer a direct comparison of
the extent to which auditory versus visual cues affect our eval-
uations and decision making. It may be that, regardless of
training, knowledge, and theories about the meaning of music,
experts are just as vulnerable as novices to certain heuristics—
ones that may be at odds with what is valued by the field.

Honing in more specifically on the music psychology literature,
there has been great interest in investigating performance eval-
uation and expert evaluators with more precision (38). As a host
of factors that contribute to performance assessment have not
been well understood or considered (19), a fuller understanding
of the evaluation process holds great promise. The role that
auditory versus visual information plays in performance evalua-
tion is of particular interest to researchers, practitioners, and
educators. It thus becomes more surprising that, with some ex-
ception (39), there has been relatively insufficient empirical re-
search to justify definitive conclusions (38). An understanding
that is grounded in empirical research lends itself not only to the
possibility of more objective evaluation processes, but also to the
crafting of more effective performance.

With the general consensus on the importance of sound in the
domain of music, as “an art of sound” (40), it follows that experts
and key decision makers would privilege auditory-related rating
in professional evaluation and assessment, even when such items
show insufficient reliability (41-45). However, despite all that is
invested in the auditory domain, low interrater correlations
suggest that such basis of evaluation is an unreliable process. The
increasing interest in investigations of the role of visual in-
formation in evaluation (24, 39) dovetails well with recent calls
for the need to include the visual component in music performance
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(46) and the authenticity that this modality specifically commu-
nicates through expressive behavior (47).

The current research uses a two-pronged approach: (i) the
experimental design offers high test power and tight control over
variables of interest, allowing for better substantiated conclu-
sions, and (i) the use of field data with real decision processes
and outcomes addresses external validity and relevance for a
broad range of contexts that involve performance evaluation.
Given the questionable reliability of expert ratings based on
audio-only information, and the recent works demonstrating the
substantial role of visual information (8, 22, 24), it may be that
a visual dominance would emerge above and beyond the impact
of auditory information.

In this set of experiments, participant responses were used to
extrapolate the evaluation processes of the original expert judges
and determine which cues—visual or auditory—were most in-
fluential for their decisions in arriving at the real-time results of
live music competitions. Given different versions of competition
performances, 1,164 participants in total were asked to identify
the actual competition winners. These choices were then com-
pared against the established outcomes, previously decided by
panels of expert judges (SI Text). As a domain in which sound is
central to what experts and novices alike value about performance,
music offers a strong test of the impact of visual information on
the judgment of performance.

Results

Experiment 1: Core Beliefs About Music. Suppose that you have the
chance to win cash bonuses if you can guess who won a live music
competition. You may choose the type of recording you think
would give you the best chance at winning the prize. You can
select sound recordings, video recordings, or recordings with
both video and sound. Which recordings do you choose? In ex-
periment 1, participants were asked to make exactly that decision
and bet their study earnings on their choices.

As expected, 58.5% chose the sound recordings, significantly
more so than the 14.2% who chose video recordings, y*(1, n =
77) = 28.89, P < 0.001. Despite a “tax” levied on selecting the
recordings with both video and sound, 27.4% still chose those
recordings, a significantly larger proportion than those who
chose the video recordings, x*(1, n = 44) = 4.46, P = 0.035. People
have the intuition that sound is a more revealing channel of in-
formation in the domain of music and that recordings with both
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visual and auditory output offer additional and more relevant
information that better approximates the conditions under which
the original expert decisions were made (SI Text).

Experiments 2-5. In experiments 2-5, the top three finalists in
each of 10 prestigious international classical music competitions
were presented to participants. Given such difficult decisions (S
Text), untrained participants should fare no better than chance
(33%) in identifying the winners of these competitions. In fact,
even expert interrater agreement tends to be moderate, hovering
at an average of 67%; consensus is notoriously absent (48).
Novice participants. In experiment 2, novice participants were
presented with both video-only and sound-only versions of 6-s
clips of the top performances from international competitions.
Although 83.3% of participants reported that the sound mattered
most for their evaluation of music performance, these same par-
ticipants were significantly more likely to identify the winners
when they were presented with only the visual components of the
performances, #;(105) = 12.07, P < 0.001; Cohen’s d = 1.18 (Fig.
1). The item analysis indicated that the effect held across all 10
competitions, #5(9) = 4.37, P = 0.002. Indeed, with silent video-
only recordings, participants were significantly above chance
(52.5%), t(105) = 10.90, P < 0.001. With sound-only recordings,
they were significantly below chance (25.5%) at identifying the
winners, #(105) = -5.23, P < 0.001.

As seen in experiment 1, participants believed that recordings
with both video and sound would allow them to best approximate
the original expert judgments. Is it the case that more informa-
tion necessarily leads to better judgment? Experiment 3 tested
judgment when more information was available, and presented
participants with video-only, sound-only, or video-plus-sound ver-
sions of the performance clips included in experiment 2. Partici-
pants performed below chance with sound-only recordings (28.8%),
1(66) = —2.09, P = 0.040, and at chance with video-plus-sound
recordings (35.4%), t(67) = 0.94, P = not significant (n.s.). How-
ever, with silent video-only recordings, 46.4% of novices were able
to identify the winners, #(49) = 4.04, P < 0.001.

These findings suggest that novices are able to approximate
expert judgments, originally made after hours of live perfor-
mances, with brief, silent video recordings. However, when novices
were also given the sound of the performances through the video-
plus-sound recordings, they did no better than picking a winner at
random (87 Text). As surprising as these findings are, they may be
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Fig. 1. A comparison of the reported importance of sound vs. visuals for evaluation (Left), with the % novices identifying actual competition outcomes when

given sound-only vs. video-only stimuli (Right), in experiment 2 (n = 106).
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due to novices’ lack of music training, which forces them to rely
on visual cues.

Expert participants. Using the same sets of competition clips and
paralleling the design in experiments 2 and 3, experiments 4 and
5 explored whether the dominance of visual cues remains in
domain experts. Professional musicians have the knowledge and
training to discern the quality of performance through sound;
they should be able to outperform novices in identifying the
actual winners. Although the assumed superior judgment of
experts is dependent on domain and context (49, 50), these
musicians had participated in and judged competitions and are
familiar with how professional judgment is determined.

In experiment 4, 96.3% of domain-expert participants reported
that the sound mattered more for their evaluations, Xz(l, n=
27)=23.15, P < 0.001. Despite musicians’ training to use and value
sound in their evaluations, only 20.5% of experts identified the
winners when they heard sound-only versions of the recordings,
1(34) = —6.11, P < 0.001. However, 46.6% did so upon viewing
silent video clips, #(34) = 4.05, P < 0.001. Those with video-only
stimuli performed significantly better, compared with those who
heard sound-only stimuli, #;(34) = 5.89, P < 0.001; Cohen’s d =
1.01 (Fig. S1). An item analysis indicates that this effect held
across all 10 competitions, 7(9) = 3.74, P = 0.005.

In experiment 5, 82.3% of professional musicians cited sound
as the most important information for judgment, ¥*(2, n = 96) =
103.56, P < 0.001. However, when provided sound, only 25.7% of
experts were able to identify the actual winners (Fig. 2), a rate
worse than chance, #(29) = —-3.34, P = 0.002. With video-only
stimuli, musicians performed significantly better than chance
(47.0%) at identifying the actual winners, #(32) = 3.40, P = 0.002.
Experts were significantly better with video-only stimuli than
with sound-only stimuli, #;(61) = 4.48, P < 0.001; Cohen’s d =
1.20. An item analysis indicates that these effects were robust
across all 10 competitions, #,(9) = —2.36, P = 0.04.

In the third condition in this experiment, when provided with
stimuli with both video and sound, experts were again at chance
(SI Text) at 29.5%, t(39) = —1.43, P = n.s. They were not sig-
nificantly better than those who received sound-only stimuli, ¢
(48) = 1.33, P = n.s. Those who received video-only stimuli, even
compared with those who received both video and sound, were
still significantly more likely to approach the actual outcomes, ¢
(71) = 3.72, P < 0.001.

Experts were not significantly different from novices in their
judgments of music performance. Novices and experts are simi-
larly below chance with sound recordings and at chance with
recordings with both video and sound. Novices and experts also
paralleled each other in their use of different cues to arrive at the
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competition outcomes made by the original judges, with no sig-
nificant differences through the sound-only recordings, #(95) =
0.85, P = n.s.; the video-plus-sound recordings, #(106) = 1.68,
P = n.s.; nor the video-only recordings, #(81) = —0.12, P = n.s.

In supplemental tests of the primacy of visual cues, additional
studies featuring the same between-subjects design as experi-
ments 3 and 5 replicate the findings outlined in this paper with
3-s and 1-s recordings. The at-chance findings with sound-only
and video-plus-sound recordings remain even with longer time
intervals ranging up to 60-s recordings. These results suggest that
the findings outlined in the current experiments remain mean-
ingful for more extended periods of evaluation.

These results demonstrate how visual information, the in-
formation generally deemed as peripheral in the domain of
music, can be overweighted when such inclination is neither
valued nor recognized. Ironically, this tendency results in our
neglect of the most relevant information: the sound of music.
What then are novices and experts paying attention to when
making their judgments? The next two experiments examine the
mechanisms that account for the primacy of visual cues and our
dependence on visual information. The studies explore the types
of visual information that are used in judgment and how motion,
emotion, and apparent motivation contribute to professional
inferences about the quality of music performance (SI Text).

Experiments 6 and 7: Mechanism. Movement and gesture are ele-
ments of performance that are primarily visual. Experiment 6
examined whether motion impacts the professional judgment of
music performance. In this study, recordings were distilled to their
most basic representation as outlines of motion (Fig. S2). After
seeing these 6-s silent clips of the three finalists, participants were
asked to identify the actual winners. Participants were significantly
better than chance (48.8%) at identifying the outcomes, #(88) =
6.49, P < 0.001. Viewing brief motion alone allowed an approxi-
mation of professional judgment made after hours of live per-
formance with both visual and auditory information.

The importance of dynamic visual information to professional
judgment was further established through two supplementary
experiments (SI Text). Although demographic cues such as race
and sex have been associated with various capabilities (51, 52),
such as the quality of musicianship (8)—and although the many
advantages of physical attractiveness have been documented (53),
from hiring (54) to income (55)—these static visual cues did not
significantly impact professional judgment in these competitions.

Visual information may be powerful through its associations
with expressive behavior (16, 56) and through its emotional im-
pact. Professional musicians may value novelty (57), involvement
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Fig. 2. The % professional musicians identifying actual competition outcomes given sound-only, video-only, or video-plus-sound stimuli, in experiment 5

(n = 103). Thirty-three percent indicates an identification rate at chance.
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(58), motivation, and passion (59) as essential to the quality of
creative performance. These attributes may be more visible than
they are audible. Furthermore, observers not only may perceive
nonverbal cues, but also may experience more intense emotional
changes and foster greater interpersonal understanding through
these nonverbal cues through emotional contagion (60, 61). In
the domain of music, however, sound is often assumed to be the
primary medium through which creative and affective expression
is conveyed and understood (62, 63).

In experiment 7, 262 participants were presented with either
video-only or sound-only 6-s recordings of the competition perfor-
mances. They were then asked to identify the most confident, cre-
ative, involved, motivated, passionate, and unique performer in each
set of three finalists in the competitions. These evaluations were
then compared against the original competition outcomes. Creativ-
ity, involvement, motivation, passion, and uniqueness were signif-
icantly more salient through visual cues rather than through sound.

Passion had considerable impact on the professional judgment
of quality when it was visible; through silent videos, those
selecting “the most passionate contestant” identified the actual
winners at rates significantly higher than chance (59.6%). They
also fared better than those making the same judgments through
audio recordings (38.7%), t(196) = 7.01, P < 0.001. Involvement
(53.1%), motivation (52.8%), creativity (44.6%), and uniqueness
(43.6%) also contributed to the visual information that signaled
quality of performance in a way that auditory information did not
allow either novice or expert participants to perceive (all P’s <
0.001). Confidence was not a factor that allowed participants to
distinguish among the performers through either visuals or
sound, #(193) = —0.68, P = n.s.

The final experiments explored the visual elements that con-
tribute to the professional judgment of music. Motion, motivation,
creativity, and passion are perceived as hallmarks of great per-
formance (SI Text). As those facets of performance are visually
accessible and readily so, they may be universally understood
throughout levels of expertise. Thus, even novices are able to
quickly identify the actual winners among world-class performers,
without being encumbered by the sound of music that professional
musicians unintentionally and nonconsciously discard.

These additional experiments suggest that performers’ move-
ments may contribute substantially toward inferences about the
quality of performance. Our movements facilitate aspects of cog-
nitive abilities (64, 65) such as coordination and the appreciation of
rhythm (66). The sight of others’ gestures may also influence our
understanding about music. Our responsiveness to movement (67—
69) and emotional expression (62, 63, 70) may underlie the in-
tuition that musicians’ motions and emotions represent excep-
tional performance. Future work will be needed to test not only
our perceptions of performers, but also the emotions evoked in
audiences, to better understand the affective contributions to the
primacy of visual cues in the judgment of performance.

Discussion

This set of seven experiments (Table S1) suggests that novices’
judgment mirrors that of professionals; both novices and experts
make judgments about music performance quickly and automati-
cally on the basis of visual information. Given the relative lack of
consensus about competition outcomes noted among even expert
judges, the fact that novices are able to quickly identify the actual
competition winners at such high rates through silent videos alone
is of both statistical and practical significance. These findings point
to a powerful effect of vision-biased preferences on selection
processes even at the highest levels of performance.

Experts and novices alike privilege visuals above sound, the
very information that is explicitly valued and reported as core to
decision making in the domain of music. Moreover, when sound
is made available along with the video, it led people away from
the actual (visually based) competition outcomes. This finding
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complements those of a recent landmark meta-analysis, which
argues for an influence of the visual component on music per-
formance evaluation in a multiplicative cross-modal model of per-
ception (24). When both sound and visuals were available in the
current work, judgments appear to be impacted by both modalities.

Ongoing research suggests that pressures that constrain our
cognitive resources may lead to a visual dependence. As the cur-
rent work focuses on choices made during competitive settings,
more information would not necessarily lead to better approx-
imations of expert judgment, even if it increases confidence in
judgment (71). People are limited by attention to certain cues, with
inconsistency (72, 73) and at times detriments to judgment (74).

Professional musicians and competition judges consciously
value sound as central to this domain of performance, yet they
arrive at different winners depending on whether visual in-
formation is available or not. This finding suggests that visual
cues are indeed persuasive and sway judges away from recog-
nizing the best performance that they themselves have, by con-
sensus, defined as dependent on sound. Professional judgment
appears to be made with little conscious awareness that visual
cues factor so heavily into preferences and decisions.

Both musical novices and professional musicians reported
attempting to identify the highest quality performances. These
self-reports are further supported by the studies that imple-
mented incentives and bonuses for participant performance in
identifying the actual winners. However, both experts and nov-
ices appear to be surprised by their own data, and experts in
particular reported a severe lack of confidence in their judgment
when they were assigned to the video-only recordings, not know-
ing that their approximations of the actual outcomes would be
superior under such constrained conditions. The notion that our
experience of music (75) depends so much on visual information—
at a nonconscious level and to a degree that interferes with
what people actually value—points to consequential implications
(SI Text).

Against broad consensus that auditory information is core to the
domain of music, these experiments offer strong tests of the
primacy of visual information. The implications of these findings
thus extend to any context that calls for the professional judg-
ment of performance. Ongoing research suggests that the effects
are generalizable to multiple domains, such as management and
entrepreneurship—as well as to multiple levels, from individuals
to groups.

The dominance of visual information in our decision circuitry
may have evolved as adaptive (76, 77) and reliable, evocative of
how visual circuitry itself is molded by accumulated experience
and successfully guided behavior (78, 79). However, when these
decisions involve other information more predictive of perfor-
mance, whether it concerns hiring employees, interviewing physi-
cians, or selecting political leaders, we must be more mindful of
our inclination to depend on visual information at the expense
of the content that we actually value as more relevant to our deci-
sions. Given the dominance of visual cues in our decision making,
it would be valuable to determine the contexts in which a visual
dependence may not be one that leads to wise decisions and good
long-term investments in selecting, promoting, and rewarding talent.

Professional training may hone musicians’ technical prowess
and cultivate their expressive range, but in this last bastion of the
realm of sound, it does little to shift our natural and automatic
overweighting of visual cues. After all, sound can be neglected
while trained “ears” focus on the more salient visual cues. It is
unsettling to find—and for musicians not to know—that they
themselves relegate the sound of music to the role of noise.

Materials and Methods

The Harvard University Institutional Review Board approved all procedures.
Informed consent was obtained from all participants.
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Experiment 1. One hundred six participants (M,ge = 20.73, SD = 2.46; 49.5%
male*) volunteered." Participants were instructed about 10 live classical
music competitions that they would judge, based on excerpts of the three
finalists in each competition. They had the chance to receive an addi-
tional $8 if their selections matched the actual competition outcomes.
They had the choice of sound or video recordings; or, if they chose the
recordings with both video and sound, $2 would be deducted from any
bonuses won.

Experiment 2. One hundred six participants (M,ge = 22.26, SD = 1.79; 41.1%
male*) with little to no experience in classical music volunteered." Through
a within-subjects design, each participant received both the video-only set
and the sound-only set of the same performances (S/ Text). Participants were
then asked to identify the winner of each competition. Finally, they were
asked to identify whether sound, visuals, or other cues were more important
for them in judging a music competition.

Experiment 3. One hundred eighty-five participants (M.ge = 24.18, SD = 9.64;
46.1% male*) with little to no experience in classical music volunteered.’
Through a between-subjects design, participants were randomly assigned to
one of three conditions: video-only, sound-only, or video-plus-sound ver-
sions of the experiment 2 stimuli. They were then asked to identify the
winners and report whether sound, visuals, or other cues were more im-
portant for them in judging a music competition (S/ Text).

*Participants who did not report their sex were not included in the calculation.

"Participants were recruited from a community sample in the northeastern United States
and were paid $20 for their participation in an hour-long set of unrelated studies that
included the current experiment.
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SI Text

A conservative test is one that is less likely to find statistical
significance. Given the counterintuitive findings in this work, it
was important that findings are well-replicated, effects are robust,
and conservative tests be used, so that we might conclude that the
results are due to real effects. The use of the domain of music thus
offers a conservative test of the impact of visual information on
judgment, given that it is the domain in which auditory information
should be much more important than visual information.

First, experiment 1 tested our core beliefs about the importance
of auditory versus visual output for the judgment of performance.
Then, experiments 2-5 explored the relative impact of the two
modalities on our judgment. Participants ranged from those with
little or no music training (experiments 2 and 3) to professional
musicians (experiments 4 and 5). To compare the relative in-
fluence of visual versus auditory information, the same partic-
ipants were presented with both video-only and sound-only
recordings in a within-subjects design in experiments 2 and 4
whereas different sets of participants were given video-only,
sound-only, or video-plus-sound recordings in a between-subjects
design in experiments 3 and 5. Finally, experiments 6 and 7 ex-
amined the mechanisms underlying the impact of visual infor-
mation on judgment.

S| Results

Experiments 2-5. International classical music competitions do not
publicize details about individual voting. Given that data re-
garding confidential procedures are not made public, interviews
were conducted with established authorities (judges and com-
petition directors) to gain a better understanding about the
competition judging conditions and criteria. As quantitative and
empirical data were not available from the international com-
petitions themselves, the rate of interrater agreement was based
on an average of estimates provided by expert sources. Further
investigation with the organization that oversees these com-
petitions reveals a similar lack of unanimity regarding the choice
of the winner.

Robustness. Although it could be argued that visual versus audio
stimuli convey different amounts of information in the same brief
moments, in this set of experiments, the audio excerpts and video
excerpts represent identical musical content and the identical
measures of musical compositions. In addition, although the
physical movement of the performer and thus the visual content
can vary a great deal across a short performance, that same phys-
icality is the means through which the range of audio content is
produced and, thus, also perceptible.

Alternative explanations. Decisions based on sound alone were not
randomly distributed (all Ps < 0.05, one-sample ¢ tests of rates at
which actual winners were chosen, as listed in Table S1)—that is,
there is variance in auditory information, and the quality of the
music performances was distinguishable and not acoustically
equivalent. Sound did allow for differentiation among perform-
ers, yet people still surprisingly relied primarily on visual in-
formation in their judgment.

Participants who were randomly assigned to receive sound-only
recordings were able to choose one performer over the other two
performers in each trial. Additional analyses of these decisions
indicate that they were significantly different from at-chance
choices (all Ps < 0.05, y° tests of frequencies of each of three
performers per trial being chosen by participants), which would
have resulted had the acoustic quality of the music performances
been indistinguishable. However, the winners as chosen by par-

Tsay www.pnas.org/cgi/content/short/1221454110

ticipants who received sound-only recordings were frequently not
the actual winners of the live round competitions, as those
choices had been impacted more by visual information. This
observation points to intriguing future research directions re-
garding the external validity and predictive power of a visual
dominance, such as whether expert judges’ visually based eval-
uations are predictive of short-term and/or long-term success.

Finally, an additional study was conducted with a separate
population of 90 expert participants, which further demonstrates
that not only is there enough variance in auditory information to
allow participants to select one individual over the others at rates
over chance, but also that the degree of variance perceived
through sound-only excerpts is similar to the degree of variance
perceived through video-only excerpts.

In this study, participants were randomly assigned to receive

either the sound-only, video-only, or video-plus-sound recordings
used in experiments 2-5. They were then asked to evaluate on
a 0-100 scale the quality of the performance in each excerpt.
Within each trial/competition of three featured performers, the
SD in evaluations of quality of performance as assessed through
sound was not significantly different from the SD in evaluations
of quality of performance as assessed through visuals (all Ps >
0.05). The lack of significance was not due to floor or ceiling
effects.
At-chance rates with video-plus-sound recordings. In contrast to how
participants performed at rates significantly below chance with
sound-only recordings, and how participants performed at rates
significantly above chance with video-only recordings, both nov-
ices (experiment 3) and experts (experiment 5) were similarly at
chance in identifying the actual winners when they were randomly
assigned to the video-plus-sound condition.

Although it may have been expected that more information in
the form of video-plus-sound recordings would have led to higher
rates of winner identification, such recordings instead led to an
identification rate between those of the two conditions that in-
cluded only one modality. Given that participants report the
belief that acoustic information is more important in their
judgment of music performance, it was likely that, when sound
was made available in the video-plus-sound condition, partic-
ipants relied primarily on sound. Indeed, participants did not
perform at rates significantly different from those of participants
who received sound-only stimuli.

This nuanced interpretation of the findings suggests that not
only does visual information impact our perception of music, but
also that it can dominate our perception such that it interferes
with auditory information. This explanation may help account for
why it appears that experts receiving video-plus-sound excerpts
in the current experiments have decreased rates of identifying
the winners.

This area needs further investigation in future work, but pre-
liminary data appear to support the interpretation offered above.
Data from ongoing research indicate that, when placed under
cognitive load, participants in the video-plus-sound condition—
for the first time—identify the winners at rates significantly above
chance. In natural evaluation settings such as music competitions,
perhaps a visual primacy emerges as our attention is exhausted
and we become less able to focus on using sound as the primary
information. The ongoing research suggests that we may revert
to a dependence on visual information when overwhelmed with
information.

On the other hand, our conscious recognition of the impor-
tance of sound may guide our attention toward sound when we
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face more manageable sets of information. In the video-plus-
sound condition in experiments 3 and 5, it may be that the limited
evaluation setting allowed people to focus on sound. However,
this condition ironically led to decreased rates of identifying the
winner, perhaps because the availability of sound led people
away from the original (visually based) decisions.

Experiment 5. These findings are in line with other work on rating
behavior that showed a strong relative similarity in response
behavior between experts and novices (1). Building on the earlier
work, the current manuscript offers a more detailed scope of
inquiry by assessing whether expertise affects the likelihood that
judgments are impacted by each modality.

Experiments 6 and 7. With silent videos, participants cited the fol-
lowing main visual cues that led them to their choices: movement,
energy, passion, coordination, intensity, effort, skill, technique,
difficulty of repertoire, posture, presence, involvement, rhythm,
style, precision, confidence, enjoyment, control, and consistency.
Future research will expand upon the current work and will
include coders blind to the outcomes who evaluate the per-
formances and content analyses of evaluations made of the
winning versus nonwinning performances. Ongoing research also
targets visual attention and processing, using eye-tracking and
facial expression recognition technology to delve further into the
mechanisms underlying the dominance of visual cues in judgment.

SI Results: Supplementary Experiments

Experiments S1-S3. These studies supplement the main experi-
ments and use youth competitions that allowed for greater ease of
choice. Originally the first exploratory tests of the impact of visual
and auditory information, the findings motivated more rigorous
examinations with multiple trials and item analyses for robustness
of effect.

Experiment S1 offered a test of the speed of judgment in the
domain of music, examining whether costly and time-intensive
screenings are necessary. Participants with little to no experience
with classical music were given video excerpts from two live music
competitions featuring precollege musicians. In the first trial,
53.6% of participants identified the actual winner chosen out of
six candidates by a panel of expert ]udges a proportion signifi-
cantly higher than predicted by chance, y*(1, n = 56) = 10.32, P =
0.001. Similarly, in the second competition, 66. 1% of participants
identified the winner out of eight candidates at rates better than
chance, ¥*(1, n = 56) = 146.94, P < 0.001. Novices were able to
approximate the original expert judgment with just 6 s of the
performances. These findings suggest that lengthy professional
investment in screening may not be warranted, given the quick-
ness with which even novices approximated expert decisions made
after much longer performances.

Experiments S2 and S3 used the stimuli from experiment S1 to
provide tests of how visual cues affect judgment in the domain of
music. Experiment S2 provided video recordings without sound.
Here, 63.9% of novice participants identified the winner in the
ﬁrst competition, a proportion significantly higher than chance,
x*(1, n = 36) = 15.13, P < 0.001. Similarly, 44.4% of partlclpants
were able to identify the winner in the second competmon again
performing significantly better than chance, ¥*(1, n = 36) =
33.59, P < 0.001. Novices were able to approximate the original
expert judgments of music competitions when presented with 6-s
excerpts of performances that had been stripped of their sound.

Experiment S3 offered a direct comparison of judgment be-
tween two types of stimuli: (i) video only without sound and (i)
sound only without video. In the first competition, novice par-
ticipants performed significantly above chance w1th both sound-
only (68.7%) and Vldeo -only (69.7%) recordings, *(1, n = 99) =
55.68, P < 0.001; *(1, n = 99) = 58.91, P < 0.001, respectively.
Similar patterns emerged for the second competition with both
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sound-only (53.0%) and video-only (56.0%) recordmgs where
participants were agaln significantly above chance, y*(1, n = 100) =
149.97, P < 0.001; x*(1, n = 100) = 173.00, P < 0.001.

In the ]udgments of youth competitions, differences in per-
formance quality were easily perceptible through either modality.
Differences in the relative degree to which judgments were
influenced by visual versus auditory cues may be less likely to
surface, as the choice of the winner was far more obvious. As-
suming that there is some correlation between visual and acoustic
information, and also some nonoverlapping information between
the two modalities, high variance trials would allow multiple
pathways for participants to arrive at the same conclusion re-
garding which musician was clearly performing at a higher level
than the rest. In support of this hypothesis, the rates of identi-
fying the actual winner were relatively high in either condition.

Experiments S4 and S5. Experiment S4 and S5 examined potential
effects of static visual information. Although the outline videos
presented coarse visual information, demographic cues such as
race and sex may still be available. However, when participants
were presented with still photographs of the contestants, they
were not able to select the actual winners at rates significantly
above chance (36.8%), y*(1, n = 48) = 2.75, P = n.s. By ex-
trapolation, visible but static demographic cues did not signifi-
cantly impact professional judgment in the actual competitions.

Experiment S5 examined the effects of physical attractiveness
on the expert judgment of quality of musicians. In this experiment,
novice and expert participants were asked to identify the most
physically attractive contestant upon viewing silent videos of their
performances Their choices were at chance (32. 1%) in com-
parison with the actual winners of the competitions, y*(1,n = 38) =
0.26, P = n.s. If the original expert judges had been influenced by
physical attractiveness, these evaluations would have been signif-
icantly above chance.

S| Materials and Methods

Experiment 1. When no tax was placed on the video-plus-sound
option, the vast majority of participants would choose to receive
this option to maximize their likelihood of selecting the actual
winners of the competitions. As the original conditions of the live
competitions included both visuals and sound, the video-plus-
sound recordings offered both more information and a better
approximation of the original conditions under which the deci-
sions were made. As obtaining more information was costless under
these conditions, participants were far more likely to choose the
video-plus-sound recordings.

The tax on the video-plus-sound recordings, the option with
most information, thus offers a strong test of beliefs about the
judgment of performance. Given that most participants wish to
maximize their study earnings, the tax forced them to consider
how much additional information was worth, in allowing them to
increase their likelihood of choosing the actual winners.

Most participants did not appear to believe that having visual
information was worth the small tax on potential bonus earnings.
The data suggest that significantly more participants believe that
sound is more relevant than visuals to the judgment of music; the
incentives built into this experiment suggest that these behavioral
choices are truer indicators of beliefs about the importance of
sound in this domain, and not simply self-reported beliefs that may
be more subject to social norms, impression management, etc.

Experiment 2. Stimuli were excerpted from publicly available
recordings from these international competitions: the Van Cliburn
International Piano Competition, the International Tchaikovsky
Competition, the Queen Elisabeth International Music Competi-
tion of Belgium, the International Franz Liszt Piano Competition,
the Cleveland International Piano Competition, the Hannover In-
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ternational Violin Competition, and the San Marino International
Piano Competition.

Excerpts. The length of 6 s was chosen based on the previous lit-
erature using thin slices (2). The excerpts were selected based on
several criteria: (7) if the finalists performed the same composition
during the last round of competition, identical excerpts were se-
lected from each contestant; (i) if the finalists performed differ-
ent compositions, excerpts were selected such that the excerpts
showcased approximately equal technical difficulty and musical
intensity.

The excerpts selected and used controlled for the position from
which the footage was recorded. Within each competition set, the
contestants were captured on film from comparable distances and
positions. The excerpts were selected such that the winners were
not particularly favored or featured through close-ups that would
have revealed facial expressions at rates higher than for the
nonwinners.

All excerpts were pretested on a separate sample of 29 pro-
fessional musicians with an average of 16.48 y of formal training;
repeated-measures ANOVAs with post hoc pairwise comparisons
suggested that, among each competition trial, there were no
singular excerpts that were significantly distinguishable from the
others on the dimensions listed above (Ps > 0.05). Throughout all
experiments, stimuli were presented in random order: (i) ran-
domization among sets of competitions, and (i) randomization
in performer excerpts within competitions. Participants were not
able to match the silent video-only versions of the recordings
with the sound-only versions of the same recordings.

The item analysis conducted involves a trials testing model
to assess whether effects are driven primarily by certain specific
trials. This technique is often used in test construction to examine
whether test items are comparable in characteristics such as con-
tent and form. To demonstrate in more detail, in the initial tests,
the analyses by participants average across trials and compare the
participant average across all trials in condition A against the
participant average across all trials in condition B. The item analysis
supplements the previous analyses, averaging across participants
and comparing the item average across all participants in condition
A against the item average across all participants in condition B.
Explicit beliefs. The order varied regarding at which point explicit
beliefs were elicited about the importance of acoustic versus visual
information. In experiment 1, along with several dozen surveys not
included in the current manuscript due to space constraints, these
choices were made before the receipt of any recordings.

In other experiments, these questions were included along
with basic demographic items at the end of the studies. If
the explicit beliefs reported had been (temporarily) affected by
the process of receiving the excerpts, these responses would
have differed depending on the condition to which participants
had been randomly assigned. Supplementary analyses using x*
tests suggest that this alternative explanation did not account
for the findings, y*(4) = 0.899, P = 0.925. There is no statis-
tically significant association between condition and which
modality was chosen as most important in judgment. Re-
gardless of condition, participants were much more likely to
have selected acoustic information as more important in the
judgment of music performance.

Experiment 3. The apparent dissociations between what is reported
as valued and what is actually used is not due to cynical attributions
about the original judges’ objectivity, motivation, or abilities.
In a supplemental experiment, using the same recordings and
between-subjects design, 69 participants were asked, “Who do
you think should win the competitions?” instead of “Who won
the competitions?” The results replicated the patterns from the
previous studies, and participants’ own choices approached the
actual outcomes solely in the silent video-only condition, with
44.2% selecting the actual winners, significantly above chance, ¢
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(21) = 2.19, P = 0.040. They were below chance (23.5%) with
sound-only recordings, #(24) = —3.54, P = 0.002, and at chance
(29.3%) with recordings with both video and sound.

Experiment 4. To control for expert recognition of specific musi-
cians, data from participants who recognized any musicians
through the video-only recordings were discarded.

Experiment 5. To control for recognition of musicians, data from
participants who recognized any musicians through the video-only
and video-plus-sound recordings were discarded. A test of pro-
portions found that in terms of sex and ethnic breakdowns, the ratios
of performers selected as winners to all finalist performers was not
significantly different from what would be expected from the pop-
ulation of finalists. Furthermore, there were no significant differences
due to the age, sex, or ethnicity of the participants. No main effect of
age, sex, or ethnicity on ability to identify the actual winners emerged,
and there were no significant interactions between the demographic
variables and the assigned conditions. There were also no significant
dyadic effects, such as from homophily between participant and
performer. For example, female participants were not more likely to
prefer female musicians over male ones, and Asian participants were
not more likely to choose Asian musicians as the winners.

Experiment 6. The first experiments on the phenomenon in which
visual information is privileged above auditory information in the
judgment of music motivated an investigation of mechanisms. As
gestures, movement, and expression were cited in free-response
data provided by participants when they described the type of
information they relied on when making their decisions, exper-
iment 6 explored whether impressions made based on gestures
alone would approximate the decisions made by the original
judges under live-round competition conditions.

The literature on music communication models (3) provides
rich areas of discussion, highlighting the ways in which mean-
ingful communication in performance often includes highly ex-
pressive movements. This work has investigated how body
movements and facial actions contribute to the production of
expressive performance, are used for purposes of expressive ef-
fects, and relate to and communicate with coperformers and
audience members. Each aspect of this literature holds impor-
tant relevance for the continued exploration of how and why
visual information appears to have so significantly influenced
professional judgment.

S| Materials and Methods: Supplementary Experiments
Experiment S1. Fifty-six participants (M, = 22.09, SD = 2.16;
57.1% male) with little to no experience in classical music vol-
unteered.* Participants received excerpts with both sound and
video from two competitions held at a mid-Atlantic conserva-
tory. They were presented with the first 6 s of the performances
and were asked to identify the winners.

All contestants had performed for 10-15 min during the
original live performance competitions, which included both sound
and video for the actual expert judging panel. All contestants
performed on the piano in a public venue. The original judging
panel consisted of conservatory faculty and other internationally
noted musicians. Within each competition, the excerpts were
presented in random order.

In each trial or set of competition stimuli, external constraints
due to competition rules and regulations provided some level of
control. For example, in the youth competitions, all contestants had
similar levels of formal expertise, being required to be no older than
the age of 12. Their level of performance experience would have

*Participants were recruited from a community sample in the northeastern United States
and were paid $5 for their participation.
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also been similar, as the competitions were based in a conservatory
precollege program that required entrance auditions.

Two stimuli sets were used, and the main difference was the
number of pianists who chose to participate in each competition.
For these initial exploratory tests, because the variance in level of
performance was expected to be higher given that youth musicians
were featured, all available target performers (controlling for
instrument) were included in the stimuli sets.

Experiment S2. Thirty-six participants (45.2% male) with little to no
experience in classical music volunteered.* Participants received
silent video versions of the experiment S1 stimuli. They were then
asked to identify which performers won the competitions. Within
each competition, the excerpts were presented in random order.

Experiment $3. One hundred participants (Mg, = 23.59, SD =
2.82; 42.7% male®) with little to no experience in classical
music volunteered.” Through a within-subjects design, each
participant received both the video-only set and the sound-
only set of the same performances. Using the experiment S1
and S2 stimuli, the two versions of recordings featured the
same 6 s of performance for each musician, ensuring identical
performance content and quality.

For example, a participant might see silent video-only re-
cordings of eight contestants in one competition and be asked to
identify the winner; later, the same participant would hear sound-

TParticipants who did not report their sex were not included in the calculation.

*Participants were recruited from a community sample in the northeastern United States
and were paid $20 for their participation in an hour-long set of unrelated studies that
included the current experiment.

. Thompson S (2006) Audience responses to a live orchestral concert. Music Sci 10(2):
215-244.

2. Ambady N, Rosenthal R (1993) Half a minute: Predicting teacher evaluations from thin

slices of nonverbal behavior and physical attractiveness. J Pers Soc Psychol 64(3):

431-441.
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only recordings of the same eight contestants and be asked to
identify the winner. Participants were not able to match the silent
video-only versions of the recordings with the sound-only versions
of the same recordings. Any potential influence of one version on
a subsequent version should not have significantly impacted the
overall effects, given that the order of presentation of the two
different conditions was counterbalanced. Within each compe-
tition, excerpts were presented in random order.

Experiment S4. Forty-eight participants (Mg = 26.58, SD = 9.37;
41.7% male) volunteered.” Participants received still photo-
graphs of the musicians from the experiment 2-5 stimuli and
were then asked to identify the winners of each competition.

The use of still photographs in this study for assessments of
physical attractiveness is similar to that used in recent work (4).
Although the earlier research suggests that physical attractiveness
may mediate the relationship between pop music performers and
participant aesthetic responses, physical attractiveness is less ex-
plicitly accepted as legitimately contributing to judgments
about classical music. For example, there may be more variance
considered acceptable within the pop genre in terms of perfor-
mance attire whereas strong norms remain regarding adherence
to traditional concert dress in the classical genre. In addition, the
earlier work investigated adolescent subjects whereas the current
research focuses on the expert judgments of professional musi-
cians, whose training and experience may render them less
subject to the influence of physical attractiveness.

Experiment S5. Thirty-eight garticipants (Mge =21.92, SD = 4.21;
41.7% male™) volunteered.” Participants received the video-only
versions of the experiment 2-5 stimuli and were asked to identify
the most physically attractive contestants.

w

. Davidson JW, Malloch S (2009) Communicative Musicality: Exploring the Basis of
Human Companionship, eds Malloch S, Trevarthen C (Oxford Univ Press, New York),
pp 565-583.

4. North AC, Hargreaves DJ (1997) The effect of physical attractiveness on responses to

pop music performers and their music. Empir Stud Arts 15(1):75-89.
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Fig. S1. A comparison of the reported importance of sound versus visuals for evaluation (Left), with the % identifying actual outcomes when given sound-
only versus video-only stimuli (Right), in experiment 4 (n = 35). Using a within-subjects design, this study tested the impact of visual information on professional
musicians.

Fig. S2. Sample outline figure used in experiment 6, isolating visual information to basic motion alone. The outlines are the detected regions/silhouettes of
movement. After receiving silent performance excerpts of the musicians as rendered in the above example, participants were asked to identify the winners of
each competition.
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Table S1. Summary of experiments
Exp. N Participant type Stimulus type Versus at chance Against other conditions
1 106 All Choice of recording V: 14.2% V vs. A: y*(1, n = 77) = 28.89, P < 0.001, » = 0.613
A: 58.5%
VIA: 27.4% V/A vs. V: ¥*(1, n = 44) = 4.46, P = 0.035, » = 0.318
x%(2, n = 106) = 32.96,
P < 0.001, ® = 0.558
2 106 Novice Professional V: 52.5%, t(105) = 10.90, P < 0.001 V vs. A: t(105) = 12.07, P < 0.001; Cohen’s d = 1.66,
competition 95% ClI [1.63, 1.69]
A: 25.5%, t(105) = -5.23, P < 0.001
3 185 Novice Professional V: 46.4%, t(49) = 4.04, P < 0.001 V vs. A: t(115) = 4.68, P < 0.001; Cohen’s d = 0.88,
competition 95% Cl [0.82, 0.93]
A: 28.8%, t(66) = -2.09, P = 0.040 V vs. V/A: t(116) = 2.93, P = 0.004
V/A: 35.4%, t(67) = 0.94, P = n.s. A vs. V/A: t(133) = -2.14, P=0.034
[adjusted a = 0.017]
4 35 Expert Professional V: 46.6%, t(34) = 4.05, P < 0.001 V vs. A: t(34) = 5.89, P < 0.001; Cohen's d = 1.42,
competition A: 20.5%, t(34) = -6.11, P < 0.001 95% Cl [1.36, 1.46]
5 103 Expert Professional V: 47.0%, t(32) = 3.40, P = 0.002 V vs. A: t(61) = 4.48, P < 0.001; Cohen’s d = 1.09,
competition 95% ClI [1.01, 1.14]
A: 25.7%, t(29) = -3.34, P = 0.002 V vs. V/A: t(71) = 3.72, P < 0.001
V/A: 29.5%, t(39) =-1.43, P=n.s. A vs. V/A: t(68) = -1.00, P = n.s.
[adjusted o = 0.017]
6 89 All Professional 48.8%, t(88) = 6.49, P < 0.001 N/A
competition
7 262 All Professional Veonf: 37.4%, Acont: 39.5% t(193) = -0.68, P = n.s.
competition Verea: 44.6%, Acrea: 26.1% t(260) = 9.00, P < 0.001
Vinv: 53.1%, Ay 34.2% t(260) = 9.60, P < 0.001
Vyot: 52.8%, Ayor: 35.6% t(260) = 7.91, P < 0.001
Vpass: 59.6%, Apass: 38.7% t(196) = 7.01, P < 0.001
Vuni: 43.6%, Ayni: 26.3% t(192) = 6.22, P < 0.001
[adjusted o = 0.010]
S1 56 Novice Youth competition V/A': 53.6%, x*(1, n = 56) = 10.32, N/A
P =0.001, ® = 0.429
V/IAZ: 66.1%, x*(1, n = 56) = 146.94,
P < 0.001, ® = 1.620
S2 36 Novice Youth competition ~ V': 63.9%, y*(1, n = 36) = 15.13, N/A
P < 0.001, ® = 0.648
V2 44.4%, y*(1, n = 36) = 33.59,
P < 0.001, ® = 0.966
S3 100 Novice Youth competition ~ V': 69.7%, y*(1, n = 99) = 58.91, Individual trials
P < 0.001, ® = 0.771
A': 68.7%, x*(1, n = 99) = 55.68,
P < 0.001, ® = 0.750
V2 56.0%, (1, n = 100) = 173.00,
P < 0.001, ® = 1.315
A?:53.0%, x*(1, n = 100) = 149.97,
P < 0.001, ® = 1.225
S4 48 All Professional 36.8%, y*(1, n = 48) = 2.75, P = n.s. N/A
competition
S5 38 All Professional 32.1%, x*(1, n = 38) = 0.26, P = n.s. N/A

competition

Several Sl experiments included y*-based significance testing because analyses were conducted on individual trials (two trials or competitions were tested in

the earlier studies). As the initial exploratory studies, analyses were conducted on each separate trial, resulting in nominal data of whether or not the actual
winner was selected by participants. The main experiments included t tests because analyses were conducted on average identification rates (%) across 10 trials
per participant. A, sound only; V, video only; V/A, video plus sound; N/A, not applicable.
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