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Abstract—The “Mozart effect” refers to claims that people perform
better on tests of spatial abilities after listening to music composed by
Mozart. We examined whether the Mozart effect is a consequence of
between-condition differences in arousal and mood. Participants completed a test of spatial abilities after listening to music or sitting in silence. The music was a Mozart sonata (a pleasant and energetic
piece) for some participants and an Albinoni adagio (a slow, sad
piece) for others. We also measured enjoyment, arousal, and mood.
Performance on the spatial task was better following the music than
the silence condition, but only for participants who heard Mozart. The
two music selections also induced differential responding on the enjoyment, arousal, and mood measures. Moreover, when such differences were held constant by statistical means, the Mozart effect
disappeared. These findings provide compelling evidence that the
Mozart effect is an artifact of arousal and mood.
Rauscher, Shaw, and Ky (1993) reported that college students perform better on standardized tests of spatial abilities after listening to
10 min of a Mozart sonata than after listening to relaxation instructions or sitting in silence. Despite the short-term nature of the socalled Mozart effect (10–15 min), the results received widespread attention in the popular and scientific media (e.g., Holden, 1994; NBC
News, 1994). Indeed, the notion that “music makes you smarter” has
become one of the most well-known popular interpretations (or rather
misinterpretations) of a psychological finding.
Although the Mozart effect has been replicated by the original researchers (Rauscher, Shaw, & Ky, 1995) and others (see Chabris,
1999; Hetland, 2000), failures to replicate the effect raise doubts about
its reliability (e.g., Steele, Bass, & Crook, 1999; Steele, Dalla Bella, et
al., 1999). Nonetheless, based on a meta-analysis of 16 studies,
Chabris (1999) conceded that there may be a small intermittent effect,
but that it probably arises from “enjoyment arousal” induced by music. Because sitting in silence or listening to a relaxation tape is less
arousing than listening to Mozart, experimental and control conditions
in most examinations of the effect may have produced different levels
of arousal or mood (Nantais & Schellenberg, 1999; Schellenberg, in
press). In other words, previous investigations of the Mozart effect—
with one exception—may have confounded differences in listening
condition with differences in arousal and mood. Specifically, studies
reporting a significant Mozart effect (see Chabris, 1999; Hetland,
2000) used comparison conditions that were less arousing (e.g., sitting
in silence for 10 min) and less likely to induce positive mood than listening to Mozart. In the single exception that provided an auditory
stimulus of comparable interest and complexity, differences in spatial
abilities disappeared (Nantais & Schellenberg, 1999).
It is possible, then, that the Mozart effect has little to do with
Mozart in particular or with music in general. Rather, it may represent
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an example of enhanced performance caused by manipulation of
arousal or mood. Such effects are well established. Very high or low
levels of anxiety or arousal inhibit performance on cognitive tasks,
whereas moderate levels facilitate performance (Berlyne, 1967; Sarason,
1980; Solomon & Corbit, 1974; Yerkes & Dodson, 1908). Moreover,
negative moods and boredom can produce deficits in performance and
learning (Koester & Farley, 1982; Kovacs & Beck, 1977; O’Hanlon,
1981), whereas positive moods can lead to improved performance on
various cognitive and problem-solving tasks (Ashby, Isen, & Turken,
1999; Isen, 1999).
If the Mozart effect is a consequence of arousal or mood, then similar increases in performance on spatial tasks should be observed following exposure to pleasant and engaging stimuli other than music.
Nantais and Schellenberg (1999, Experiment 2) tested this hypothesis
by asking participants to complete a spatial task after listening to music by Mozart or a narrated story by Stephen King. They also indicated
which listening experience (music or story) they preferred. This alteration to the control condition (i.e., listening to a narrated story instead
of sitting in silence) eliminated the Mozart effect. Moreover, a significant interaction between condition and preference revealed that individuals who preferred the Mozart music had improved spatial
performance following the music, whereas those who preferred the
story improved after the story.
The present investigation is the first to examine directly the contribution of arousal and mood to the Mozart effect. We compared the effects of two musical pieces: a Mozart sonata, expected to induce
heightened arousal and positive mood, and an adagio by Albinoni, expected to induce low arousal and sad mood. Spatial abilities, arousal,
and mood were evaluated after exposure to each piece, and after a silence condition. Listeners also rated their enjoyment of each piece. We
predicted that the effects of music on spatial ability would be attributable to differences in arousal and mood, as well as enjoyment.

METHOD
Participants
The participants were 24 undergraduate and graduate students (20
to 60 years of age) who had 2.75 years of formal music lessons on average (SD ⫽ 6.60 years; range: 0–30 years).

Stimuli and Measures
The musical excerpts consisted of 10 min from Mozart’s (1985,
track 1) Sonata for Two Pianos in D Major, K. 448, or 10 min from Albinoni’s (1981, track 1) Adagio in G Minor for Organ and Strings. The
excerpts were digitally rerecorded from compact discs onto the hard
disc of a computer without loss of sound quality. For the Mozart sonata, we recorded the entire first movement (8 min, 24 s) and replayed
it until 10 min were accumulated. The sound file for the Albinoni adagio was created in the same way; participants heard the entire piece (7
min, 20 s) and a repetition of the early portion.
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The outcome measure was a modified version of the Paper Folding
and Cutting (PF&C) subtest from the Stanford-Binet intelligence test
(following Nantais & Schellenberg, 1999). It consisted of two different 17-item subsets (Sets A and B) ordered from easiest to most difficult. On each trial, participants saw a rectangular piece of paper
undergo a series of folding and cutting manipulations. Their task was
to choose the correct outcome from five “unfolded” pieces of paper.
Supplementary measures included the Profile of Mood States
(POMS)—Short Form (McNair, Lorr, & Droppleman, 1992), which
assessed arousal level and mood as determined by scores on the VigorActivity and Depression-Dejection subscales, respectively. The POMS
consists of 30 adjectives describing feelings and mood. Adjectives in
the Vigor-Activity subscale (lively, active, energetic, full of pep, and
vigorous) describe positive arousal; those in the Depression-Dejection
subscale (sad, unworthy, discouraged, lonely, and gloomy) describe
negative affect. We refer to these scales as POMS arousal and POMS
mood, respectively. We had no predictions for the other subscales
(Tension-Anxiety, Anger-Hostility, Fatigue-Inertia, and ConfusionBewilderment), but we administered the entire form to avoid tampering with its psychometric properties (i.e., its good reliability and validity; see McNair et al., 1992). Participants used a 5-point scale
(anchored by not at all and extremely) to indicate the degree to which
each adjective described their mood.
Participants also provided a global rating of mood and arousal on a
scale from 1 (sad) to 7 (happy); we refer to this as the subjective
mood-arousal rating. Participants were told that any high-energy
mood should be placed at the high end of the scale and that any lowenergy mood should be placed at the low end of the scale. Thus, feelings of meditation, contemplation, or melancholy would be assigned
low ratings. In effect, the subjective mood-arousal rating combined
mood and arousal into a single measure, providing a global but subjective counterpart to the POMS measures. (No participant reported difficulty using this scale.) Finally, participants used a 7-point scale to rate
how much they enjoyed the music.

RESULTS
The subset of PF&C items (A or B) had no influence on scores and
did not interact with any other variable or combination of variables,
and was therefore omitted from further consideration. The primary
analysis was a three-way mixed-design analysis of variance (ANOVA),
with condition (music or silence), musical excerpt (Mozart or Albinoni), and testing order as independent variables. A significant effect
of order was evident, F(1, 20) ⫽ 5.42, p ⬍ .05; participants improved
from the first to the second testing session. The strongest effect, however, was the predicted two-way interaction between condition and
musical excerpt, F(1, 20) ⫽ 16.89, p ⬍ .001, which is illustrated in
Figure 1.
Follow-up analyses were conducted separately for each musical
excerpt. For the Mozart group, a two-way (Condition ⫻ Order)
ANOVA revealed a significant effect of condition, F(1, 10) ⫽ 22.96, p ⬍
.001. As shown in Figure 1, performance on the PF&C task was significantly better after participants listened to Mozart than after they sat
in silence. For the Albinoni group, however, there was no effect of
condition.
Analyses of the pretest measures of arousal and mood (obtained
before exposure to silence or music) indicated no preexisting differences between conditions. The three posttest measures of arousal and
mood (obtained after exposure to silence or music) were examined
separately with mixed-design ANOVAs that had one within-subjects
variable (music or silence) and one between-subjects variable (Mozart
or Albinoni). In each case, the two-way interaction was significant after using the Bonferroni multistage correction for multiple tests (Howell, 1997), Fs(1, 22) ⫽ 8.23, 12.93, and 8.49, ps ⬍ .05, for POMS
arousal, POMS mood, and subjective mood-arousal rating, respectively.
To investigate these interactions further, we examined differences
between groups (Mozart vs. Albinoni) separately on each measure
(correcting for multiple tests; testing order held constant). In the silence condition, there were no differences between the Mozart and Al-

Procedure
The procedure was controlled by a computer program created with
PsyScope software (Cohen, MacWhinney, Flatt, & Provost, 1993),
which presented the music or silence, administered the spatial test,
and collected responses. Participants were assigned to one of eight
conditions formed in a 2 ⫻ 2 ⫻ 2 factorial design, with two types of
music (Mozart or Albinoni), two testing orders (music-silence or silence-music), and two orders of the PF&C subsets (A-B or B-A).
Participants were tested individually in a sound-attenuating booth.
They completed the subjective mood-arousal rating and the POMS
and received a demonstration of the PF&C task. They then sat in front
of the computer for 10 min wearing headphones. In the silence condition, they sat in silence. In the music condition, they listened to music
by Mozart or Albinoni. To encourage participants to attend to the music, we told them that they would be asked questions about it. After the
listening-sitting period, participants completed the PF&C task. There
was a time limit of 1 min for each of the 17 PF&C trials, with a warning tone presented 5 s before the end of the time limit. Participants
then provided an enjoyment rating (music condition only), and again
completed the POMS and subjective mood-arousal rating (music and
silence conditions). Participants in the music condition were retested 7
days later in the silence condition, and vice versa.
VOL. 12, NO. 3, MAY 2001

Fig. 1. Participants’ mean scores on the paper-folding-and-cutting
(PF&C) task after sitting in silence or listening to music. Each participant was tested in a silence condition and a music condition. Half of the
participants heard Mozart in the music condition. The other half heard
Albinoni. Error bars illustrate standard errors.
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binoni groups on any measure. In the music condition, scores were
higher in the Mozart group than in the Albinoni group on the POMS
arousal subscale, F(1, 21) ⫽ 9.56, p ⬍ .05, and on the subjective
mood-arousal rating, F(1, 21) ⫽ 23.70, p ⬍ .001, but scores in the
Mozart group were significantly lower than scores in the Albinoni
group on the POMS mood (Depression-Dejection) subscale, F(1, 21) ⫽
6.20, p ⬍ .05. Enjoyment scores were also higher in the Mozart group,
F(1, 21) ⫽ 11.91, p ⬍ .01. Figure 2 illustrates PF&C scores, POMS
arousal scores, POMS mood scores (reverse coded), subjective moodarousal ratings, and enjoyment ratings as a function of musical excerpt
(all measures standardized). The figure shows that the different levels
of arousal, mood, and enjoyment closely paralleled performance differences on the PF&C task.
Finally, a series of repeated measures analyses of covariance (corrected for multiple tests) tested whether the Mozart effect would remain in evidence when individual differences in enjoyment, arousal,
or mood were statistically controlled. For each analysis, the withinsubjects variable was testing condition (Mozart or silence), and the covariate represented scores on one of our supplementary measures. Although the Mozart effect remained significant when POMS mood
scores were partialed out, F(1, 10) ⫽ 12.93, p ⬍ .05, it was no longer
reliable when enjoyment ratings, POMS arousal scores, or subjective
mood-arousal ratings were held constant.

DISCUSSION
Participants performed better on a test of spatial abilities after listening to a Mozart sonata than after sitting in silence. When a slow,
“sad” musical excerpt by Albinoni was presented instead of a Mozart
sonata, there was no effect of exposure to music. Moreover, the two

musical excerpts induced different levels of arousal and mood. Participants who listened to Mozart scored significantly higher on positive
mood and arousal (enjoyment rating, mood rating, POMS arousal
score) and significantly lower on negative mood (POMS mood score)
compared with their counterparts who listened to Albinoni. In short,
our findings provide compelling evidence that the “mysterious”
Mozart effect (Steele, Bass, & Crook, 1999) can be explained by participants’ mood and arousal level.
Our results provide the only direct support for previous suggestions that the short-term effects of listening to Mozart on spatial ability are an artifact of arousal and mood (Chabris, 1999; Nantais &
Schellenberg, 1999; Schellenberg, in press). Whereas the findings of
Nantais and Schellenberg (1999) demonstrated that the Mozart effect
disappears with appropriate experimental controls, the present findings revealed that the effect is also eliminated when enjoyment ratings, POMS arousal scores, or subjective mood-arousal ratings are
statistically controlled. The Mozart effect remained significant, however, when POMS mood scores were partialed out. One explanation
for this apparent discrepancy is that the POMS mood subscale (Depression-Dejection) measures negative affect, whereas our enjoyment
and mood ratings measured positive affect. Positive and negative affect may be relatively independent (Tellegen, Watson, & Clark, 1999).
Moreover, they influence cognitive performance in a nonmonotonic
manner, and may be mediated by different neural pathways (Ashby et
al., 1999). It is possible, then, that the Mozart effect is associated more
with positive than with negative mood.
As we noted earlier, a large body of scientific evidence confirms
that arousal and mood influence performance on a variety of cognitive
tasks. Such effects are evident with moderate changes in arousal or affect, which can be induced with ease. Changes in mood may be in-

Fig. 2. Participants’ mean standardized scores on five measures after listening to Mozart or to Albinoni. Scores are shown for the paper-folding-and-cutting (PF&C) task, Profile of Mood States (POMS) arousal subscale, POMS mood subscale (reverse coded), subjective mood-arousal
ratings, and enjoyment ratings. Error bars illustrate standard errors.
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duced by giving participants a small gift or showing them a cartoon
(Isen, 1999), and changes in arousal occur from moment to moment in
response to environmental events (Scheibel, 1980). Music also affects
arousal and mood, as evidenced by changes in skin conductance, heart
rate, finger pulse amplitude, breathing rate, and other measures (Davis
& Thaut, 1989; Krumhansl, 1997), and by listeners’ use of music as an
agent of emotional change (Sloboda, 1992). In short, our “arousal and
mood” explanation of the Mozart effect is entirely consistent with existing evidence.
It is important to note, however, that arousal and positive mood are
not identical. Performance on certain tasks, such as creative problem
solving, may be facilitated by positive affect but not by arousal. According to Ashby et al. (1999), effects of positive mood are associated
with increased levels of dopamine, which project from the ventral tegmental area to several brain areas, including the locus ceruleus. The
locus ceruleus, in turn, is the largest producer of norepinephrine, the
neurotransmitter most strongly associated with arousal. Thus, although mood and arousal rely on different neurochemical systems,
these systems have overlapping neural substrates and may have similar effects on performance in many instances.
In sum, claims that brief exposure to music leads to short-term enhancement of nonmusical skills are misleading. Rather, the Mozart effect can be explained simply: Enjoyable stimuli induce positive affect
and heightened levels of arousal, which lead to modest improvements
in performance on a variety of tasks.
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