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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 com-
pleted a test of spatial abilities after listening to music or sitting in si-
lence. 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 en-
joyment, arousal, and mood measures. Moreover, when such differ-
ences 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 per-
form better on standardized tests of spatial abilities after listening to
10 min of a Mozart sonata than after listening to relaxation instruc-
tions or sitting in silence. Despite the short-term nature of the so-
called Mozart effect (10–15 min), the results received widespread at-
tention 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 re-
searchers (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 mu-
sic. 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 lis-
tening 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


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 sim-
ilar increases in performance on spatial tasks should be observed fol-
lowing 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 mu-
sic by Mozart or a narrated story by Stephen King. They also indicated
which listening experience (music or story) they preferred. This alter-
ation to the control condition (i.e., listening to a narrated story instead
of sitting in silence) eliminated the Mozart effect. Moreover, a signifi-
cant interaction between condition and preference revealed that indi-
viduals 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 contri-
bution of arousal and mood to the Mozart effect. We compared the ef-
fects of two musical pieces: a Mozart sonata, expected to induce
heightened arousal and positive mood, and an adagio by Albinoni, ex-
pected to induce low arousal and sad mood. Spatial abilities, arousal,
and mood were evaluated after exposure to each piece, and after a si-
lence condition. Listeners also rated their enjoyment of each piece. We
predicted that the effects of music on spatial ability would be attribut-
able 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 av-
erage (


 


SD


 


 


 


5


 


 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 Al-
binoni’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 so-
nata, we recorded the entire first movement (8 min, 24 s) and replayed
it until 10 min were accumulated. The sound file for the Albinoni ada-
gio 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 differ-
ent 17-item subsets (Sets A and B) ordered from easiest to most diffi-
cult. 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 Vigor-
Activity 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 Confusion-
Bewilderment), but we administered the entire form to avoid tamper-
ing with its psychometric properties (i.e., its good reliability and valid-
ity; 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 low-
energy mood should be placed at the low end of the scale. Thus, feel-
ings 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 subjec-
tive counterpart to the POMS measures. (No participant reported diffi-
culty using this scale.) Finally, participants used a 7-point scale to rate
how much they enjoyed the music.


 


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 


 


3


 


 2 


 


3


 


 2 factorial design, with two types of
music (Mozart or Albinoni), two testing orders (music-silence or si-
lence-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 condi-
tion, they sat in silence. In the music condition, they listened to music
by Mozart or Albinoni. To encourage participants to attend to the mu-
sic, 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 warn-
ing 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.


 


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 Albi-
noni), and testing order as independent variables. A significant effect
of order was evident, 


 


F


 


(1, 20) 


 


5


 


 5.42, 


 


p


 


 


 


,


 


 .05; participants improved
from the first to the second testing session. The strongest effect, how-
ever, was the predicted two-way interaction between condition and
musical excerpt, 


 


F


 


(1, 20) 


 


5


 


 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 


 


3


 


 Order)


 


ANOVA revealed a significant effect of condition, 


 


F


 


(1, 10) 


 


5


 


 22.96, 


 


p


 


 


 


,


 


.001. As shown in Figure 1, performance on the PF&C task was sig-
nificantly 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 differ-
ences 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 af-
ter using the Bonferroni multistage correction for multiple tests (How-
ell, 1997), 


 


F


 


s(1, 22) 


 


5


 


 8.23, 12.93, and 8.49, 


 


p


 


s 


 


,


 


 .05, for POMS
arousal, POMS mood, and subjective mood-arousal rating, respec-
tively.


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 si-
lence condition, there were no differences between the Mozart and Al-


Fig. 1. Participants’ mean scores on the paper-folding-and-cutting
(PF&C) task after sitting in silence or listening to music. Each partici-
pant 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.







 


PSYCHOLOGICAL SCIENCE


 


Arousal, Mood, and the Mozart Effect


 


250


 


VOL. 12, NO. 3, MAY 2001


 


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) 


 


5


 


 9.56, 


 


p


 


 


 


,


 


 .05, and on the subjective
mood-arousal rating, 


 


F


 


(1, 21) 


 


5


 


 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) 


 


5


 


6.20, 


 


p


 


 


 


,


 


 .05. Enjoyment scores were also higher in the Mozart group,


 


F


 


(1, 21) 


 


5


 


 11.91, 


 


p


 


 


 


,


 


 .01. Figure 2 illustrates PF&C scores, POMS
arousal scores, POMS mood scores (reverse coded), subjective mood-
arousal 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 dif-
ferences on the PF&C task.


Finally, a series of repeated measures analyses of covariance (cor-
rected for multiple tests) tested whether the Mozart effect would re-
main in evidence when individual differences in enjoyment, arousal,
or mood were statistically controlled. For each analysis, the within-
subjects variable was testing condition (Mozart or silence), and the co-
variate represented scores on one of our supplementary measures. Al-
though the Mozart effect remained significant when POMS mood
scores were partialed out, 


 


F


 


(1, 10) 


 


5


 


 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 lis-
tening 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. Partici-
pants 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 par-
ticipants’ mood and arousal level.


Our results provide the only direct support for previous sugges-
tions that the short-term effects of listening to Mozart on spatial abil-
ity 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 find-
ings revealed that the effect is also eliminated when enjoyment rat-
ings, POMS arousal scores, or subjective mood-arousal ratings are
statistically controlled. The Mozart effect remained significant, how-
ever, when POMS mood scores were partialed out. One explanation
for this apparent discrepancy is that the POMS mood subscale (De-
pression-Dejection) measures negative affect, whereas our enjoyment
and mood ratings measured positive affect. Positive and negative af-
fect 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 af-
fect, 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-fold-
ing-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 ex-
isting 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. Ac-
cording to Ashby et al. (1999), effects of positive mood are associated
with increased levels of dopamine, which project from the ventral teg-
mental 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, al-
though mood and arousal rely on different neurochemical systems,
these systems have overlapping neural substrates and may have simi-
lar effects on performance in many instances.


In sum, claims that brief exposure to music leads to short-term en-
hancement of nonmusical skills are misleading. Rather, the Mozart ef-
fect 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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Judy M. Taylor, 
Beverly J. Rowe
The “Mozart 
Effect” and the 
Mathematical 
Connection


Educators are always looking for ways to enhance the performance of students 
on outcome assessments. There is a growing body of research showing the 
benefits of music on educational performance. The purpose of this study was 
to determine if a “Mozart Effect” improves student performance on outcome 
assessments in mathematics. In this study, during the six major tests that 
were given for three college trigonometry classes (n = 69) a CD of Mozart 
music was played for the duration of the test. The results were compared to 
three trigonometry classes (n = 59) that were given six major trigonometry 
tests with no music playing. The results indicate that students performed 
significantly better when Mozart was being played as background music 
during the outcome assessment. This study adds validity to the “Mozart 
Effect” and considers improved effectiveness for some learners through altered 
assessment environments.


Over the last 17 years, researchers 
have claimed that the “Mozart Effect” accomplished everything from 
temporary increases in IQ to creating the mental mechanism needed for 
infants to develop reasoning and analytical prowess. The term “Mozart 
Effect” relates specifically to the Rauscher, Shaw, and Ky (1993, 1995) 
neuropsychology research that reported temporary increases in college 
students’ ability to perform spatial-temporal tasks as evidenced by 
increased IQ scores after passively listening to 10 minutes of Mozart’s 
sonata K. 448. Spatial-temporal reasoning is the ability to visualize 
spatial patterns and mentally manipulate them over a time-ordered 
sequence of spatial transformations. Following Rauscher’s initial 
report, a rigorous scientific discussion ensued in the psychological and 
educational literature with findings that supported the Rauscher studies  
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(Rauscher & Shaw, 1998; Rideout, Dougherty, & Wernert, 1998; Rideout 
& Laubach, 1996; Rideout & Taylor, 1997; Sarnthein et al., 1997; Wilson 
& Brown, 1997) and those that repudiated Rauscher’s findings (Newman 
et al., 1995; Steele, Ball, & Runk, 1997; Steele, Brown, & Stoecker, 1999; 
Stough, Kerkin, Bates, & Mangan, 1994). 


The inability of some to replicate the Mozart Effect in similar labo-
ratory experiments (Steele, 2000, 2001, 2003, 2006; Steele, Brown, & 
Stoecker, 1999) served only to fuel the Rauscher camp’s staunch replies 
and extensions of the Mozart Effect evidence (Rauscher, 1997, 1999, 
2000, 2002, 2006; Rauscher & Hinton, 2006; Rauscher, Robinson, & Jens, 
1998; Rauscher & Shaw, 1998; Rauscher & Zupan, 2000; Rauscher et 
al., 1997; Rideout, 1999). The controversy over the Mozart Effect exists 
as a result of the misconception that listening to Mozart can enhance 
general intelligence (Newman et al., 1995; Rauscher, 1999; Steele, Ball, 
& Runk, 1997). Rauscher, Shaw, and Ky (1993, 1995) only claimed tem-
porary increases in college students’ ability to perform spatial-temporal 
tasks as evidenced by increased IQ scores after passively listening to 
Mozart. Conflicting results from meta-analyses and rebuttals furthered 
the debate (Chabris, 1999; Hetland, 2000; Rauscher, 1999; Steele et 
al., 1999) and spurred continued investigation into the Mozart Effect 
phenomenon resulting once again in mixed results (Bridgett & Ceuvas, 
2000; Hui, 2006; Jausovec & Habe, 2004; Jausovec, Jausovec, & Gerlic, 
2006; McKelvie & Low, 2002; Standing, Verpaeist, & Ulmer, 2008; Zhu 
et al., 2008). Chabris (1999) conducted a meta-analysis of 16 Mozart 
Effect studies that found no change in IQ or spatial reasoning ability. 
According to Rauscher and Hinton (2006), Chabris used “inappropriate 
tasks, music, and diverse research methods” (p. 233). A more recent 
meta-analysis conducted by Hetland (2000) that included 36 studies 
and involved 2,465 participants found that the Mozart Effect does exist, 
but “is limited to a specific type of spatial task that requires mental 
rotation in the absence of a physical model” (p. 136). The theoretical 
and educational questions regarding the existence and applicability 
of the Mozart Effect remain unresolved.


Even though the controversy over the Mozart Effect continued, 
some were willing to take the risk. The thought of a quick solution to 
better develop babies’ minds captured the public’s attention. Lending 
credibility to the public’s Mozart Effect furor, Zell Miller, governor 
of Georgia at the time, required the distribution of classical music 
CDs to all infants born in Georgia (Winner & Hetland, 1999). Other 
states soon followed, requiring classical music to be played in daycare 
centers and even for inmates in prison (Bangerter & Heath, 2004).  
At its peak, the popularized notion of the Mozart Effect morphed into a 
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scientific legend (Bangerter & Heath, 2004), driving a huge electronic 
media market that coupled classical music and simple imagery in a 
variety of videos and other products promoted to expedite education 
for babies and toddlers. The popular market bubble burst when the 
American Academy of Pediatrics released its recommendation that 
children under the age of two not be exposed to television or video 
screen time (Wolf, 2010). In an effort to avoid significant losses in a 
class-action lawsuit, the Walt Disney Company (current distributor of 
the Baby Einstein videos) raised the white flag and offered to refund 
the full purchase price to all who bought the Baby Einstein videos since 
2004 (Lewin, 2009).


Although listening to Mozart may not turn infants into mathematical 
geniuses, there is a significant literature base developing in both basic 
and applied research considering the efficacy of music, in general, and 
Mozart, in particular, in therapeutic and educational settings. Spatial-
temporal reasoning is used to suggest an even higher level of scientific 
thought. This ability is important for generating and conceptualizing 
solutions to multistep problems that arise in areas such as architecture, 
engineering, science, mathematics, art, games, and everyday life. Spatial-
temporal reasoning can have as much or more to do with one of the other 
five main modes of thought: the logical (mathematical/systems), visual, 
verbal, physical (kinesthetic), and aural (musical) modes. Rauscher con-
ducted a series of studies considering the impact of music instruction on 
spatial-temporal cognition and the resulting impact on early education 
(Rauscher, 1997; Rauscher et al., 1997; Rauscher & Zupan, 2000). Based 
on the Leng and Shaw (1991) trion model, Rauscher (1997) postulated 
that musical activity strengthens neural firing patterns in large regions 
of the brain’s cortex, which are the same type of firing patterns required 
for spatial-temporal reasoning tasks. Rauscher and Shaw (1998) defined 
the trion model as 


	 a highly structured mathematical realization of Mountcastle’s 
organizational principle for the cerebral cortex. Mountcastle 
proposed that the cortical column, the basic neural network of the 
cortex, can be excited into complex firing patterns which, in the 
trion model, are exploited in the performance of tasks requiring 
ability to recognize and classify physical similarities among 
objects—spatial recognition tasks. (p. 835) 


Rauscher theorized that listening to music or participating in music 
instruction excites and primes the cortical firing patterns necessary 
for spatial-temporal reasoning. Rauscher and Zupan’s (2000) results 
supported the Leng and Shaw (1991) model, reporting that early music 
training enhanced spatial-temporal reasoning in kindergarten children.
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Background Music
Research investigating the effects of music on moods, emotions, and 


behavior is addressed in many fields including business, education, 
psychology, and others (Gaston, 1968; Hargreaves & North, 1997; Mer-
riam, 1964). Background music is widely used by individuals person-
ally and is also common in most public arenas: grocery stores, malls, 
airports, waiting rooms for all types of offices, and a wide variety of 
other venues. In that background music plays a significant role in an 
individual’s everyday private and public life, it is a natural progression 
for educational researchers to question whether using background music 
will stimulate learning in the classroom. Such questions have been inves-
tigated for many years with mixed results (Fogelson, 1973; Hall, 1952; 
Kiger, 1989; Mitchell, 1949). More recent studies have found positive 
results that background music enhances performance on cognitive tasks 
as a result of arousal or mood (Hallam & Price, 1998; Hallam, Price, & 
Katsarou 2002; Isen, 2000; Savan, 1999). This finding concurs with the 
extant arousal-mood literature supporting the Mozart Effect (Nantanis & 
Schellenberg, 1999; Thompson, Schellenberg, & Husain, 2001). Recent 
literature also concludes that background music in educational settings 
reduces anxiety (Crncec, Wilson, & Prior, 2006; Graham, Robinson, & 
Mulhall, 2009; Hallam & Price, 1998; Hallam et al., 2002).


The Mozart Effect Mosaic
Ivanov and Geake (2003), in a recent study of the Mozart Effect, 


concluded that there are a number of issues surrounding the Mozart 
Effect that justify its further investigation. Overy (1998), in an editorial 
discussion of the Mozart Effect, emphasized that the link between music 
and the development of cognitive processes is not clearly established. 
She questioned not only the development of the cognitive processes, 
but the transferability to other learning areas. Finally, Rauscher (2000) 
stated, “The Mozart Effect is neither magic nor an article of faith, but 
the subject of ongoing serious research.” As such, Rauscher (2000) 
asserted that it “is worthy of ongoing research not only for its theoretical 
importance but also its potential practical implications, especially in 
education” (para. 17).


The extant literature regarding the Mozart Effect has become a mosaic: 
internationally flavored with research from Australia, Canada, China, 
Europe, Japan, New Zealand, and the United States, and generationally 
pertinent to grandparents, parents, educators, and children. It bridges 
both basic and applied research and stretches across a variety of 
disciplines such as psychology, the neuro-sciences, music, education, 
business, and law. 
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Our contribution to the Mozart Effect mosaic primarily builds upon 
the cross-modal priming effect (Leng & Shaw, 1991; Rauscher & Zupan, 
2000), investigating the indirect impact of the Mozart Effect on the assess-
ment of mathematics performance by college students. Cross-modal 
priming is a memory effect in which exposure to some type of stimulus 
enhances recall of previously learned information. Linking to the arousal 
and mood literature (Nantanis & Schellenberg, 1999; Thompson et al., 
2001), we used a modified background music approach, allowing the 
music treatment to extend the full 55-minute interval required by the 
mathematics performance assessment. We based our decision to elon-
gate the music exposure time on suggestions made by Jenkins (2001). 


Our music treatment students as well as our control group students 
completed the mathematics performance assessment in the natural 
setting of their regular classroom. Thus, the control group “silence” is 
routine background noise in the classroom setting (Ivanov & Geake, 
2003; Jackson & Tlauka, 2004). Standing, Verpaeist, and Ulmer (2008) 
reported that participants displayed higher spatial and verbal intelligence 
scores when a neutral announcement regarding the effect of the music 
was given versus either a positive or negative announcement. To avoid 
any form of interpretation by students that would bias their response 
to the music treatment, we chose to make no announcement either 
before or after administering the mathematics performance assessments 
regarding the expected effect of the background music. 


Finally, we considered which music to play in the background dur-
ing the assessment. Hughes and Fino (2000) determined that a large 
number of Mozart selections and two Bach selections have a high degree 
of long-term periodicity, which is interpreted by Jenkins (2001) as the 
essential element that makes Mozart’s music effective in cross-modal 
priming. Marsden (1987) studied the complexity of Mozart music, and 
found that Mozart’s music neither bores the listener with low cognitive 
demand nor overstimulates the listener with high cognitive demand. 
In Marsden’s words, “pieces of music by Mozart…maintain a constant 
level of cognitive demand throughout” (p. 57). Thus, we decided to use 
Mozart music. To eliminate listener boredom that might be induced by 
repeating the same short Mozart selection throughout the 55 minutes 
and to explore the use of selections other than Mozart sonata K. 448, we 
determined to play a larger selection of music by Mozart. The combina-
tion of these factors in the experimental design adds one more piece to 
the Mozart Effect mosaic by extending the extant literature.


The present study sought to answer the question: Is there a  
“Mozart Effect” for outcome assessments for students taking a 
trigonometry course?
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Method
Participants


The participants were 128 undergraduate aviation students (25 females 
and 103 males) who received course credit. There were 59 (nine female 
and 50 male) students in the group who tested in silence and 69 (16 
female and 53 male) students who listened to Mozart while they tested. 
The students were enrolled in a required trigonometry class. The 
course was chosen for the study at the discretion of the researcher. The 
researcher teaches three trigonometry classes each spring, which would 
allow for a larger sample size. SAT scores were obtained for as many of 
the participants in the study as possible to test for homogeneity of groups.


Materials
The mathematics performance assessment is a composite score made 


up of the sum of scores on six trigonometry tests administered to each 
student during the trigonometry course spaced throughout the semester. 
Each test included between 25 to 35 questions indicative of the concepts 
covered in the relevant chapters of the trigonometry course. For the 
music treatment, the background music was played for the duration 
of each of the tests on a regular quality CD player at a reasonably low 
volume that could be heard by all individuals in the classroom. The 
music played included 12 Mozart pieces (see Appendix).


Procedure
Each participant was given a total of six tests over the course of a 


semester. The sum of the scores of the six tests comprised the math-
ematical performance assessment variable in the experiment. During 
the two semesters in which the experiment occurred (spring 2008 for the 
silence control group and spring 2009 for the music treatment group), 
all participating students received mathematics instruction from the 
same professor; they were assigned exactly the same homework, and 
they were given exactly the same six tests. 


The control group (henceforth referred to as the silence group) 
completed all six tests comprising the mathematical performance 
assessment in the spring semester, 2008. The tests were administered 
in their regular classroom without background music. By experimental 
design, the natural setting of the classroom with the common sounds 
of a classroom-testing environment substitutes for music in the control 
group. In the spring of 2009, the music treatment group (henceforth 
referred to as the Mozart group) completed all six tests comprising the 
mathematical performance assessment. The Mozart group listened 
to low-volume background Mozart music, and the professor handed 
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out the tests without comment regarding the music. A student in the 
second class entered the room while the music was playing and asked 
the instructor if that music was going to be played during the test. The 
instructor told the student if the music was a distraction, the student 
could go to a testing center to take the test. If students questioned the 
benefit of the music, or thought that the music would not benefit them, 
they were allowed to take the test at an alternative location in silence. 
Although no students in the Mozart group requested to take the tests at 
an alternative location, such accommodations had been prearranged in 
case that request was made. 


At the end of the semester, the professor explained to the Mozart group 
that there was a body of research suggesting that listening to Mozart 
during testing may enhance their ability to think through mathematical 
problem solving. Following the explanation, students were given the 
opportunity to allow their test scores to be used for analysis purposes. 
The students signed a consent form giving the researcher permission 
to use the scores for analyses.


Analyses
Using SPSS, a least-squares regression analysis and analysis of variance 


were conducted. Descriptive statistics were reported. The null hypoth-
esis (H0) on the regression on the music variable was that it would have 
no significant effect. The alternative (H1) for the regression on the music 
variable was that it would have a significant effect.


For the analysis of variance, the null hypothesis (H0) was that there 
would be no significant difference in the mean performance on the math-
ematical assessment between the silence and Mozart groups across tests. 
The alternative hypothesis (H1) was that there would be a significant 
difference in the mean performance on the mathematical assessment 
between the silence and Mozart groups across tests. An ANOVA requires 
the following: one independent, categorical variable that has two levels 
and one dependent variable. The ANOVA requires that the dependent 
variable be approximately normally distributed within each group (Pal-
lant, 2001). In order to determine normality, a normal Q-Q Plot can be 
created. The Q-Q plots for the Mozart Effect data were approximately 
normally distributed and met the requirement to run an ANOVA.


Results
Descriptive Statistics


The means for the six tests for students who listened to Mozart were 
81.55, 94.06, 73.16, 80.70, 94.83, and 71.67 respectively (SDs 14.59, 16.15, 
20.47, 18.79, 16.91, and 15.99); see Table 1. The combined mean for all 
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Table 1
Descriptive Statistics for Music and Silence Scores for Experimental, 
Control, and Both Groups for Six Trigonometry Tests


Trigonometry Tests


Test 1 Test 2 Test 3


Exp  Control  Both
(n = 69) (n = 59) (n = 128)


Exp  Control  Both
(n = 69) (n = 59) (n = 128)


Exp  Control  Both
(n = 69) (n = 59) (n = 128)


Mean 81.55 79.73 80.71 94.06 88.10 91.31 73.16 56.36 65.41


SD 14.59 13.56 14.10 16.15 19.06 17.73 20.47 25.07 24.13


SE 1.77 1.77 1.25 1.95 2.48 1.57 2.47 3.26 2.13


Test 4 Test 5 Test 6


Exp  Control  Both
(n = 69) (n = 59) (n = 128)


Exp  Control  Both
(n = 69) (n = 59) (n = 128)


Exp  Control  Both
(n = 69) (n = 59) (n = 128)


Mean 80.70 83.64 82.05 94.83 89.03 92.16 71.67 69.93 70.87


SD 18.79 18.27 18.54 16.91 16.10 16.74 15.99 17.65 16.73


SE 2.26 2.39 1.64 2.04 2.10 1.48 1.92 2.30 1.48


All Tests


Exp  Control  Both
(n = 69) (n = 59) (n = 128)


(n = 69) (n = 59) (n = 128)


Mean 82.66 77.80 80.42


SD 19.41 21.78 20.67


SE .95 1.16 .75
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scores for the music treatment group was 82.66 with a standard devia-
tion of 19.41. The means for the six tests for students who took the test 
in silence were 79.73, 88.10, 56.36, 83.64, 89.03, and 69.93 respectively 
(SDs 13.56, 19.06, 25.07, 18.27, 16.10, and 17.65). The combined mean 
for all scores for the silence control group was 77.80 with a standard 
deviation of 21.78.


SAT scores were obtained for as many of the participants in the study 
as available. Any student for whom an SAT score could not be obtained 
was excluded from the analyses. SAT scores were used to ensure the 
homogeneity of the silence group and the Mozart group. The assump-
tion of homogeneity of variance can be tested by using Levene’s Test of 
Equality of Variance. Levene’s Test indicated equal variance (F = 1,766, 
p = .12). There was no significant difference in the means of the SAT 
scores of the two groups.


Analyses of the Experiment
A least-squares regression analysis and an analysis of variance were 


conducted using SPSS to explore the impact of listening to Mozart and 
SAT scores on the composite mathematics performance assessment 
score. The dependent variable was the mathematics performance assess-
ment score, which was comprised of the scores on six trigonometry 
tests as measured by professor-created exams that were indicative of the 
mathematical concepts covered in each trigonometry chapter. Test scores 
were totaled for all six exams to create the mathematics performance 
assessment measure. The independent variables were SAT score and 
Music. Music was a binary variable where 1 indicated the Mozart group 
with background music during assessment and 0 indicated the silence 
group without background music during assessment. Participants were 
divided into two groups. The silence group (n = 59) tested in silence, 
while the Mozart group (n = 69) listened to twelve Mozart selections 
as background music while testing.


In the least-squares regression, the model fit (the impact of listening 
to Mozart and SAT scores on the composite mathematics performance 
assessment score) was statistically significant [F(2,765) = 32.947, 
p <. 0001] with an adjusted R-square of .077; although the individual 
variable in this model was significant, there still remained 93 percent 
of the variability in test scores that were unexplained. Both the SAT 
variable and the Music variable were statistically significant (p < .0001 
for both), with positive coefficients. The SAT variable functions as a 
control variable. The regression coefficient for SAT variable was .08. The 
positive, statistical significant coefficient (5.52) for the Music variable 
indicates a positive Mozart Effect for the Mozart group. 
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The mathematics performance assessment mean was higher for the 
Mozart group (82.66) than for the silence group (77.80). The analysis of 
variance resulted in a statistically significant difference for the Mozart 
variable F(1, 766) = 10.68, p = .001, indicating that there was a Mozart 
Effect for the mathematics performance assessment measure; see  
Table 2.


The results indicate that the mean difference in performance on 
mathematics assessments was statistically significant.


Discussion
Our investigation of three college trigonometry classes brings together 


diverse research to consider temporal cognitive effects of passive music 
intervention in assessing learning in mathematics. The purpose of this 
study was to determine if a Mozart Effect might improve college student 
performance on outcome assessments in mathematics. Based on previ-
ous work in the Mozart Effect mosaic, we took into consideration which 
music to play, when it should be played, for what duration it should be 
played, and in what setting it should be played. Our decisions in these 
design elements allow our study to make a unique contribution to the 
current literature base. First, we considered the impact of the Mozart 
Effect indirectly as it manifested in the actual assessment of a learning 
experience. Second, we determined to elongate the listening time to  
55 minutes and to play a wide selection of Mozart, based on prior 
research that indicated Mozart music is most efficient in priming cross-
modal brain activities. Third, we chose to locate our study in the natural 
setting of a classroom in order to test the generalizability of the previous 
lab experiments into the more common classroom environment. Finally, 
we linked the arousal-mood literature and the trion model literature to 
help explain the Mozart Effect.


Our findings indicate that the Mozart Effect does impact the dem-
onstration of learning in mathematics. Whether it is through priming 
cortical firing patterns, reducing anxiety, and/or generating arousal 
is a theoretical matter beyond the scope of this experiment. Of most 
importance to educators is that the Mozart Effect is not merely a lab 
experience, but has potential to assist students in performing their best 
on mathematical assessments. 


Further study is needed in how to best use the Mozart Effect in other 
areas such as during the instruction phase as well as in the assessment 
phase. Other modalities could consider whether the Mozart Effect is 
present in applied disciplines such as accounting, business management, 
or finance. Finally, further consideration could seek to determine other 
types of music that facilitate the learning process.
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Table 2
One–Way Analyses of Variance of Music and Silence on  
Six Trigonometry Tests and All Tests


Variable and source df  SS  MS  F Sig.


Test 1 
	 Between groups


 
 1


 
105.57


 
105.57


 
 .53


 
.47


	 Within groups 126  25140.73 199.53


Test 2 
	 Between groups


 
 1


 
1128.34


 
1128.34


 
3.66


 
.05


	 Within groups 126 38813.15 308.04


Test 3 
	 Between groups


 
 1 


 
8920.88


 
8920.88


 
17.42


 
<.0001


	 Within groups 126  64958.77 515.55


Test 4 
	 Between groups


 
1


 
276.48


 
276.48


 
.804


 
.37


	 Within groups 126 43356.13 344.10


Test 5 
	 Between groups


 
1


 
1067.03


 
1067.03


 
3.90


 
.05


	 Within groups 126 34503.85  273.84


Test 6 
	 Between groups


 
1


 
 95.68


 
95.68


 
.34


 
.56


	 Within groups 126 35449.06  281.34


Test All 
	 Between groups


 
1


 
4507.26


 
4507.26


 
10.68


 
.001


	 Within groups 766 323041.74  421.72
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The results of this study imply that playing Mozart during mathematics 
outcome assessments improves student scores. Students in trigonometry 
classes did statistically significantly better on a mathematics outcome 
assessment while listening to Mozart. This study adds one more colored 
tile to the Mozart Effect mosaic, validating the Mozart Effect and sug-
gesting a method for improving learner performance through altering 
the assessment environment.


References
Bangerter, A., & Heath, C. (2004). The Mozart effect: Tracking the evolution of a scientific 


legend. British Journal of Social Psychology, 43, 605-623.


Bridgett, D. J., & Cuevas, J. (2000). Effects of listening to Mozart and Bach on the perfor-


mance of a mathematical test. Perceptual and Motor Skills, 90(3), 1171-1175.


Chabris, C. F. (1999). Prelude or requiem for the “Mozart effect”? Nature, 400(26), 826-827.


Crncec, R., Wilson, S. J., & Prior, M. (2006). The cognitive and academic benefits of music 


to children: Facts and fiction. Educational Psychology, 26(4), 579-594.


Fogelson, S. (1973). Music as a distracter on reading-test performance of eighth grade 


students. Perceptual and Motor Skills, 36, 1265-1266.


Gaston, E. T. (1968). Music in therapy. New York, NY: MacMillan.


Graham, R., Robinson, J., & Mulhall, P. (2009). Effects of concurrent music listening on 


emotional processing. Psychology of Music, 37(4), 485-493.


Hall, J. (1952). The effect of background music on the reading comprehension of 278 


eighth and ninth grade students. Journal of Educational Research, 45, 451-458.


Hallam, S., & Price, J. (1998). Can the use of background music improve the behavior and 


academic performance of children with emotional and behavioral difficulties? British 


Journal of Special Education, 25(2), 32-35.


Hallam, S., Price, J., & Katsarou, G. (2002). The effects of background music on primary 


school pupils’ task performance. Educational Studies, 28(2), 111-122.


Hargreaves, D. J., & North, A. C. (1997). The social psychology of music. Oxford: Oxford 


University Press.


Hetland, L. (2000). Listening to music enhances spatial-temporal reasoning: Evidence for 


the “Mozart effect.” Journal of Aesthetic Education, 34(3-4), 105-148.


Hughes, J. R., & Fino, J. J. (2000). The Mozart effect: Distinctive aspects of the music-a 


clue to brain coding. Clinical Electroencephalography, 31, 94-103.


Hui, K. (2006). Mozart effect in preschool children? Early Child Development and Care, 


176(3-4), 411-419.


Isen, A. M. (2000). Positive affect and decision making. In M. Lewis & J. N. Haviland-Jones 


(Eds.), Handbook of Emotions (2nd ed., 417-435). New York, NY: Guilford.


Ivanov, V. K., & Geake, J. G. (2003). The Mozart effect and primary school children. Psy-


chology of Music, 31(4), 405-413.


Jackson, C. S., & Tlauka, M. (2004). Route-learning and the Mozart effect. Psychology of 


Music, 32, 213-219. 







 “Mozart Effect” and the Mathematical Connection  63


Jausovec, N., & Habe, K. (2004). The influence of auditory background stimulation 


(Mozart’s sonata K. 448) on visual brain activity. International Journal of Psychophysiol-


ogy, 51, 261-271.


Jausovec, N., Jausovec, K., & Gerlic, I. (2006). The influence of Mozart’s music on brain 


activity in the process of learning. Clinical Neurophysiology, 117, 2703-2714.


Jenkins, J. S. (2001). The Mozart effect. Journal of the Royal Society of Medicine, 24, 170-172.


Kiger, D. M. (1989). Effects of music information load on a reading comprehension task. 


Perceptual and Motor Skills, 69, 531-534.


Leng, X., & Shaw, G. L. (1991). Toward a neural theory of higher brain function using 


music as a window. Concepts in Neuroscience, 2(2), 229-258.


Lewin, T. (2009, October 23). No Einstein in your crib? Get a refund. The New York Times, 


pp. A1.


Marsden, A. A. (1987). A study of cognitive demands in listening to Mozart’s quintet for 


piano and wind instruments, K.452. Psychology of Music, 15, 30-57.


McKelvie, K., & Low, J. (2002). Listening to Mozart does not improve children’s spatial 


ability: Final curtains for the Mozart effect. British Journal of Developmental Psychology, 


20, 241-258.


Merriam, A. P. (1964). The anthropology of music. Evanston, IL: Northwestern University 


Press.


Mitchell, A. P. (1949). The effects of radio programs on silent reading achievement of 


ninety-one sixth grade students. Journal of Educational Research, 42(6), 460-470.


Nantanis, K. M., & Schellenberg, E. G. (1999). The Mozart effect: An artifact of preference. 


American Psychological Society, 10(4), 370-373.


Newman, J., Rosenbach, J. H., Burns, K. L., Latimer, B. C., Matocha, H. R., & Vogt, E. E. 


(1995). An experimental test of “the Mozart effect”: Does listening to his music improve 


spatial ability? Perceptual and Motor Skills, 81, 1379-1387.


Overy, K. (1998). Discussion note: Can music really “improve” the mind? Psychology of 


Music, 26, 97-99. 


Pallant, J. (2001). SPSS survival manual. Buckingham, PA: Open University Press.


Rauscher, F. H. (1997). A cognitive basis for the facilitation of spatial-temporal cognition 


through music instruction. In V. Brummett (Ed.), Ithaca Conference ‘96 Music as Intel-


ligence: A Sourcebook (pp. 31-44). Ithaca: Ithaca College Press.


Rauscher, F. H. (1999). Rauscher replies: Prelude or requiem for the ‘Mozart effect’? 


Nature, 400(26), 826-827.


Rauscher, F. H. (2000, August). Is the Mozart effect “debunked”? Poster session presented 


at the Biannual meeting of the International Conference on Music Perception and Cognition, 


Keele University: Keele, UK. 


Rauscher, F. H. (2002). Mozart and the mind: Factual and fictional effects of musical 


enrichment. In J. Aronson (Ed.), Improving Academic Achievement: Impact of Psychological 


Factors on Education (pp. 269-278). New York, NY: Academic Press.


Rauscher, F. H. (2006). The Mozart effect in rats: Response to Steele. Music Perception, 


23, 447-453.







64 Journal of College Reading and Learning, 42(2), Spring 2012


Rauscher, F. H., & Hinton, S. C. (2006). The Mozart effect: Music listening is not music 


instruction. Educational Psychology, 41(4), 232-238.


Rauscher, F. H., Robinson, K. D., & Jens, J. J. (1998). Improved maze learning through 


early music exposure in rats. Neurological Research, 20, 427-432.


Rauscher, F. H., & Shaw, G. L. (1998). Key components of the Mozart effect. Perceptual 


and Motor Skills, 86, 835-841.


Rauscher, F. H., Shaw, G. L., & Ky, K. N. (1993). Music and spatial task performance. 


Nature, 365(14), 611. 


Rauscher, F. H., Shaw, G. L., & Ky, K. N. (1995). Listening to Mozart enhances spatial-


temporal reasoning: Towards a neurophysiological basis. Neuroscience Letters, 185, 44-47.


Rauscher, F. H., Shaw, G. L., Levine, L. J., Wright, E. L., Dennis, W. R., & Newcomb, R. L. 


(1997). Music training causes long-term enhancement of preschool children’s spatial—


temporal reasoning. Neurological Research, 19, 2-8.


Rauscher, F. H., & Zupan, M. A. (2000). Classroom keyboard instruction improves kinder-


garten children’s spatial-temporal performance: A field experiment. Early Childhood 


Research Quarterly, 15(2), 215-228.


Rideout, B. E. (1999). Performance suppression from control procedures is not the basis 


of the Mozart effect. Perceptual and Motor Skills, 89, 890.


Rideout, B. E., Dougherty, S., & Wernert, L., (1998). Effect of music on spatial performance: 


A test of generality. Perceptual and Motor Skills, 86, 512-514.


Rideout, B. E., & Laubach, C. M. (1996). EEG correlates of enhanced spatial performance 


following exposure to music. Perceptual and Motor Skills, 82, 427-432.


Rideout, B. E., & Taylor, J. (1997). Enhanced spatial performance following 10 minutes 


exposure to music: A replication. Perceptual and Motor Skills, 85, 112-114.


Sarnthein, J., vonStein, A., Rappelsberger, P., Petsche, H., Rauscher, F. H., & Shaw, G. L. 	


(1997). Persistent patterns of brain activity: An EEG coherence study of the positive 	


effect of music on spatial-temporal reasoning. Neurological Research, 19, 107-116.


Savan, A. (1999). The effect of background music on learning. Psychology of Music, 27(2), 


138-146.


Standing, L. G., Verpaeist, C. C., & Ulmer, B. K. (2008). A demonstration of nonlinear 


demand characteristics in the ‘Mozart effect’ experimental paradigm. North American 


Journal of Psychology, 10(3), 553-564.


Steele, K. M. (2000). Arousal and mood factors in the “Mozart effect.” Perceptual and Motor 


Skills, 91, 188-190.


Steele, K. M. (2001). The “Mozart effect.” Psychology Teacher Network, November-December, 


2-3.


Steele, K. M. (2003). Do rats show a Mozart effect? Music Perception, 21(2), 251-265.


Steele, K. M. (2006) Unconvincing evidence that rats show a Mozart effect. Music Percep-


tion, 23(5), 455-458.


Steele, K. M., Ball, T. N., & Runk, R. (1997). Listening to Mozart does not enhance back-


wards digit span performance. Perceptual and Motor Skills, 84, 1179-1184.


Steele, K. M., Brown, J. D., & Stoecker, J. A. (1999). Failure to confirm the Rauscher and 







 “Mozart Effect” and the Mathematical Connection  65


Shaw description of recovery of the ‘Mozart effect’. Perceptual and Motor Skills, 88, 843-848.


Steele, K. M., Dalla Bella, S., Peretz, I., Dunlop, T., Dawe, L. A., Humphrey, G. K., Shan-


non, R. A., Kirby, J. L., Jr., & Olmstead, C. G. (1999). Reply: Prelude or requiem for 


the ‘Mozart effect’? Nature, 400(26), 826-827.


Stough, C., Kerkin, B., Bates, T., & Mangan, G., (1994). Music and spatial IQ. Personality 


and Individual Differences, 17, 695.


Thompson, F. T., Schellenberg, E. G., & Husain, B. (2001). Arousal, mood, and the Mozart 


effect. American Psychological Society, 12(3), 248- 251.


Wilson, T. L., & Brown, T. L. (1997). Reexamination of the effect of Mozart’s music on 


spatial-task performance. The Journal of Psychology, 131(4), 365-370.


Winner, E., & Hetland, L. (1999, March 4). Mozart and the S. A. T.’s. New York Times, pp. A25.


Wolf, J. (2010). Limit screen time: How to follow the AAP’s guideline. Retrieved from http://


singlespartents.about.com/od/parenting/ss/limitscreentime.htm


Zhu, W., Zhao, L., Zhang, J., Ding, X., Lui, H., Ni, E., Ma, Y., & Zhou, C. (2008). The 


influence of Mozart’s sonata K. 448 on visual attention: An ERPs study. Neuroscience 


Letters, 434, 35-40.


Judy M. Taylor is associate professor of mathematics at LeTourneau University. 
Her research interest is discovering best practices in the teaching of mathematics. 
 
Beverly J. Rowe holds a BA from the University of Houston, an MSM from Purdue 
University, and a PhD from Texas A&M.







66 Journal of College Reading and Learning, 42(2), Spring 2012


Appendix


Twelve Mozart Pieces 


“Eine Kleine Nachtmusik,” Romance; 


Sonata for Violin and Piano in G, K. 301, Allegro; 


Sonata for Piano No. 11 in A Major, K. 331; 


Ronda alla Turca; Quartet for Oboe, Violin, Viola and Cello in F Major, K. 370;


Quartet for Flute, Violin, Viola and Cello No. 1 in D Major, K. 285, Adagio; 


String Quartet No. 14 in G Major, K. 387—“Spring,” Allegro vivace assai; 


Divertimento in D Major—“Salzburg Symphony No. 1,” K. 136, Andante; 


Quintet for Clarinet, Violins, Viola and Cello in A Major, K. 581, Larghetto; 


String Quartet No. 4 in C Major, K. 157, Allegro; 


String Quartet No. 17 in B Flat Major, K. 485—“Hunt,” Minuetto moderato; 


Sonata for Piano No. 8 in A Minor, K. 310, Andante cantabile con espressione; 


Sonata for Violin and Piano in B Flat Major, K. 378, Andantino sostenuto e cantabile. 
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   
       
      







      
    




      


     
      




  
      



      
      
















 










       









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
      





         

        
       


































     

       
       
      

       




 


  


   
















   




   

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
     
    

  
      
           
      







       


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
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









    









   













 
     










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



















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      
    
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
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

































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
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
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




























































































































































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The Mozart Effect: Musical Phenomenon or
Musical Preference?


A More Ecologically Valid Reconsideration


Hope Daniels Cassity, Tracy B. Henley, and Robert P. Markley


The "Mozart effect" is the reported phenomenon of increased spatial abilities after
listening to that composer's music. However, subsequent research suggests that the
Mozart effect may be an artifactual consequence of heightened arousal and mood
rather than the music of Mozart per se (e.g., Thompson, Schellenberg, & Husain,
2001). The present study considers if performance improvements in a scored com-
puter game are consistent with the mood and arousal hypothesis. Indeed, the use
of a computer game as the experimental vehicle makes this work notably the most
ecologically valid study of the Mozart effect to date. Specifically, in this work, rat-
ings of musical preference as well as the game performance of individuals listening
to different types of music are compared. If arousal and mood are the real "Mozart
effect," we hypothesized that the performance level of participants would increase
when listening to the selections they most enjoy. Results supported this hypothesis.


The Mozart Effect (e.g., Rauscher, Shaw,
& Ky, 1993) is the reported phenomenon
that listening to Mozart would temporar-
ily increase spatial reasoning ability by the
equivalentof8-9pointsontheStanford-Binet.
Rauscher, Shaw, and Ky explain the Mozart
Effect by suggesting that exposure to musical
compositions that are structurally complex
excites certain cortical firing patterns com-
parable to those activated when completing
spatial-temporal tasks.


The Mozart Effect has also been seized
upon by the media, and even distorted into the
claim that simply listening to Mozart would
make people smarter. Indeed, the idea that
passively listening to Mozart might increase
IQ scores has sparked the development of
many "educational" books and music prod-
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ucts (seeMcKelvie & Low, 2002). As Nantais
and Schellenberg (1999) note, one Governor
even budgeted for a compact disc or cassette
for each infant bom in his state.


Despite issues with face validity, the
Mozart Effect has been seriously discussed
in such prestigious publications as Science
and Nature, and still frequents the pages of
respected psychology journals. At times,
there have been problems replicating the basic
effect, but it has been suggested by Rauscher,
Shaw, and Ky (1998) that inconsistent results
by other researchers can be attributed to
methodological differences.


However, Nantais and Schellenberg
(1999) had no difficulty replicating the ba-
sic finding: That is, they found a significant
increase in performance on spatial-temporal
tasks for subjects that heard a musical piece;
but, there was no marked difference between
those that heard Mozart or those who heard
Schubert. Likewise, other researchers (e.g.,
Ashby, Isben, & Turken, 1999; Steele, Bass,
& Crook, 1999) also observed that changes
in mood can have a significant effect on
cognitive performance, and that the original
experimental conditions (e.g., listening to
Mozart, relaxation music, or silence) likely
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each have an affect on mood and arousal. As
such, the argument emerged that observed
performance differences may occur due to
improvements in mood and arousal rather
than from neurophysiological priming.


Consistent, Thompson, Schellenberg,
and Husain (2001) reported that individuals
that listened to Mozart performed better on
spatial tasks, but also scored higher on posi-
tive mood and arousal ratings. Subjects that
scored low on mood and arousal showed no ef-
fect of the music. By examining participant's
spatial abilities after listening to a Mozart
sonata (expected to produce positive mood),
and an adagio by Albinoni (a sad piece), they
were able to provide additional support for
the arousal and mood hypothesis.


In summary, the most current explanation
for the Mozart Effect would suggest that an
individual's mood/preferenceforaparticular
piece of music should correlate with any cog-
nitive gains (Steele, 2000). In fact, if arousal
and mood produce the "effect," then equally
pleasant stimuli other than music should have
the same result. Indeed, when participants
were given the option of a Mozart sonata or
a Stephen King story, listeners' perfonnance
on spatial-temporal tasks increased following
the selection they most preferred (Thompson,
Schellenberg, & Husain, 2001).


The present research will consider if
improved performance on a computer game
could be explained as a product of mood and
arousal by manipulating different music tracks
heard by the participants. The advantage of
this method is one of ecological validity. That
is, a legitimate criticism of much of the previ-
ous work on the Mozart Effect has been the
artificial nature of studies where listening to
classical music comes to be juxtaposed with
some measure of spatial reasoning.


Virtually all the Mozart Effect research
has been done in "laboratory settings" where
participants were asked to complete tasks that
fall outside the scope of everyday activities
related to spatial reasoning. Also, few real
world problems exist (in our natural environ-


ment) that combine the use of spatial reason-
ing skills with musical accompaniment. In
most previous studies, subjects completed
tasks they would not typically partake in (e.g.,
paper cutting and folding), especially follow-
ing ten minutes of Mozart. The importance
of spatial-temporal reasoning in "everyday"
activities is well documented (e.g., Reimer,
1999), so we sought a more realistic experi-
mental situation for our subjects.


Our goal in this project then was to
study the Mozart Effect in a setting where
participants would expect to perform spa-
tially related tasks in the presence of music.
Such a setting is available in many computer
games, including Tony Hawk Pro Skater 3.
In this game, players complete a variety of
simulated skateboarding "tricks" to a default
soundtrack.


In the present study, the Mozart Effect as
well as the arousal and mood hypothesis can
be tested. If arousal and mood is the basis of
the phenomenon, we hypothesize the game
performance of participants will increase
when listening to selections they musically
prefer, as opposed to Mozart per se.


Method
Participants


Subjects were solicited from large under-
graduate psychology courses at a Texas Uni-
versity and screened to determine eligibility
for participation. To be eligible, subjects must
have had previous experience playing first-
person computer games with a soundtrack,
but not with playing one specific game: Tony
Hawk Pro Skater 3. This screening served to
ensure that subjects would be familiar with
real-time three-dimensional games, and as
such would expect to be performing some sort
of spatial relations task (under some degree
of competitive "pressure") with a musical
accompaniment. It also eliminated subjects
with previous experience with our particular
game. This study involved 38 participants (13
male and 25 female) distributed randomly
among two conditions.
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Materials
Activision Incorporated's Tony Hawk


Pro Skater 3 © 2002 was used in this experi-
ment. The game setting is realistic and highly
detailed, using real world locations, and fea-
turing state-of-the-art 3D graphics. Players
skate through the simulation as would-be pro-
fessional skateboarders, maneuvering around
objects,avoidingpedestrians,and completing
a variety of simulated skateboarding "tricks"
while hearing a musical soundtrack. The game
tabulates scores based on the length, variety,
complexity, and the combinations of "tricks"
completed. The game was instantiated on a
PC (Windows XP, Intel 4,2.60 GHz, 512 MB
RAM) with an nVidia video card installed
to take advantage of the game's full graphic
capabilities.


Eor the study two musical selections
were used. The first was from the game's
default soundtrack: Fight like a Brave Man
by the Red Hot Chili Peppers. Additionally,
Mozart's Sonata for Two Pianos [K.448P
was converted to a compatible audio file
and inserted into the soundtrack database
of the game.


Ashort scale was administered to partici-
pants regarding music preferences following
completion of the experimental task. The
reason for doing this post-hoc was to avoid
calling attention to the music during game
play. The 7-point Likert scale asked partici-
pants to indicate their preference for several
musical genres, each with an example (e.g..
Classical [ex: Mozartp. Thirteen genres of
music were used as items on the scale. Both
Mozart and the Red Hot Chili Peppers were
used as examples of a genre.


Procedures
Participants individually completed


these tasks in a research facility within the
Psychology building. Following consent,
each subject received a set of general oral
instructions and a game control configuration
guide that explained the keyboard controls
assigned to each skateboarding trick. Partici-


pants then completed the fourteen items on the
game's built-in tutorial. When beginning the
tutorial the subjects heard an audio recording
of Tony Hawk explaining how to master each
skill and how to score the maximum number
of points for each "trick." The game's tutorial
allowed an unlimited time to complete each
specific item. When a task was accomplished
the word "Complete" appeared on the screen
to notify the player that they had finished that
training segment, then the tutorial forwarded
on to the next item. The tutorial took an aver-
age of thirty minutes and prepared subjects
for the scored section of the experiment. The
tutorial is not set to music.


After finishing the tutorial, participants
then engaged in a "single session skate" in
the first (Foundry) level while listening to
either the default game selection (Red Hot
Chili Peppers) or the substituted Mozart
sonata. Subjects were randomly assigned to
music condition. Subjects understood that this
"single session" would automatically tabulate
a total score for them based on the variety,
combination, and duration of the simulated
skateboarding "tricks" they completed. Sub-
jects also understood that the session would
last for two minutes and that their objective
was to score as high as possible. Upon com-
pleting the first session, subject's scores were
recorded and then subjects repeated the same
"free skate" task two more times.


In sum, subjects received a score based on
their ability to maneuver through the Foundry
level while performing a variety of virtual
"skateboarding tricks." All this was done
to a soundtrack, just as if normally playing
the game. A post hoc question revealed that
no subject listening to the inserted Mozart
selection was aware that it was not part of
the game's default soundtrack.


Upon completion of the session, subjects
filled out a scale concerning their preferences
for thirteen genres of music. If arousal and
mood is the basis for the "Mozart Effect,"
we hypothesized that individuals would have
better game-play scores when performing
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tasks while listening to the selections they
most prefer as opposed to hearing the Mozart
sonata per se.


Results and Discussion
As expected, results improved slighdy


(but insignificandy) for most subjects across
the three sessions. Looking at music condi-
tion (Red Hot Chili Peppers from the original
soundtrack or Mozart) the results approached
significance [F((l, 34) - 3.86, p < .058,
partial eta' = .102); Original soundtrack
M = 8982.45, Mozart M = 5569.44jg but
in the wrong direction for a Mozart effect.
Therefore, the findings fail to support the
existence of the Mozart Effect as reported by
Rauscher, Shaw, & Ky (1993; 1995).


As predicted, overall performance was
better when participants were hearing music
they liked. For example, there was a signifi-
cant (p < .04) correlation of (r = .482, .338
and .475 by session) between the music rating
for heavy metal and game performeince. This
result was dramatically more pronounced in
male subjects, where the correladon of the
average game score with liking heavy metal
was .59. These findings are consistent with
the arousal and mood hypothesis (e.g., Steele,
Bass & Crook, 1999; Steele, 2000).


There were also significant sex differ-
ences. A Sex (2) X Music Condition (2) X
Game Session (3) Mixed Model ANOVA with
session as a repeated measure was carried
out with Game Score as the dependent vari-
able. Sex was clearly significant [F((l, 34) =
14.036, p < .001, partial eta^ = .292); Male
M = 10529.9, Female M=4022.1 )Qsi finding
consistent with longstanding results about
gender differences in spatial relations tasks
(e,g., Maccoby & Jacklin, 1974), and likely
owing to men having more experience with
such games (based on data collected in the
screening form about game experience).


The interaction of sex with music con-
dition [F((l, 34) = 3.86, p = .059, partial
eta' = .102)Owas also suggestive. Women
performed idendcally (M = 4022.3 vs M =


4021.9) no matter the musical score, whereas
men scored much better when listening to
the original soundtrack (M = 13942.6 vs M
= 7117.2). These results mirror perfecdy the
subject's musical preference, where women
rated the heavy metal and classical genres
equivalendy, and men strongly preferred
heavy metal to classical.


Conclusion
The present study examined the effects of


music presented during an ecologically valid
spadal-temporal task (playing 7bn)'//iaw/:Pro
Skater 3). Free of confounds noted in earlier
work, this research is unique in methodologi-
cal structure and presents a new perspecdve
on the Mozart Effect. In real world situations,
the Mozart effect disappears, and the observed
differences seem to provide support for the
proposed arousal and mood hypothesis.


The majority of research done on the Mo-
zart effect prior to this invesdgadon exposed
subjects to about ten minutes of auditory
sdmulus, and then immediately administered
some spatial-temporal task (e.g., Rauscher,
Shaw, & Ky 1993; 1995). In diis study, par-
dcipants skated through the game world three
dmes which exposed subjects to six minutes
of music. Furthermore, subjects hstened to the
music during the task as opposed to hearing
the music prior to testing.


Our results are not unexpected. Specifi-
cally, male subjects performed better when hs-
tening to the original soundtrack than they did
when listening to Mozart, and performance
was consistent with musical preference. The
results also show a significant difference in
performance levels in males over females.


Although numerous studies have chal-
lenged the validity of the Rauscher, Shaw and
Ky study, the media impact of their claim that
listening to ten minutes of Mozart can tempo-
rarily increase spatial abilides persists. The
popularity of the so-called "Mozart effect" has
received intemadonal attention and remains
the source of controversy among researchers,
polidcians, and educators (Nantais & Schel-
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lenberg, 1999; Reimer, 1999). The results
of this study provide additional evidence
that the Mozart Effect is simply a product
of heightened arousal and mood.
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Effect of Music on Reading Comprehension of Junior
High School Students


Stacey A. Anderson and Gerald B. Fuller
Walden University


This quantitative study was an investigation of the effect of lyrical music on reading
comprehension by adolescents. Existing research has produced results that range from
concluding such distraction may be detrimental to finding it could be helpful. The
reading comprehension subtest of the Gates-MacGinitie Reading Tests, 4th edition
(MacGinitie, MacGinitie, Maria, & Dryer, 2000) was administered to 334 7th- and
8th-grade students. Testing was conducted under two conditions: a nonmusic environ-
ment, and with accompanying music comprising Billboard Magazine’s (2006) top hit
singles. Following the music portion of the test, students completed a survey to assess
any preference for or against listening to music while studying. Results of an analysis
of variance showed performance declined significantly when listening to music. A point
biserial correlation illustrated a pronounced detrimental effect on comprehension for
students exhibiting a stronger preference for listening to music while studying. Results
are important for understanding influences on study habits, with the goal of helping
educators and school psychologists design support systems tailored to the needs of
adolescents.


Keywords: reading comprehension, music, popular lyrical music, junior high school students,
adolescents


One of the challenges of modern educational
reform, as posited in scholarly literature (Lut-
trell & Parker, 2001; Rothstein & Jacobson,
2006) and the popular press, is to improve the
basic literacy of children and adolescents. How-
ever, scores on national achievement tests indi-
cate students in recent years did not perform
significantly better than did students in past
decades (Schneider, 2007). This is the case de-
spite numerous attempts by educators to im-
prove student reading and writing through ap-
proaches that have ranged from changing the
physical conditions of the classroom (Hong,
Milgram, & Rowell, 2004) to increasing stu-
dents’ motivation (Irwin, 2003) or their capacity
for self-regulation (Raffaelli, Crockett, & Shen,
2005), to using music to promote adolescent
identity development (Boehnke, Münch, &
Hoffmann, 2002).


The purpose of the present study was to ex-
plore what impact, if any, listening to popular
lyrical music while concurrently performing a
cognitively complex task might have on stu-
dents’ comprehension of study material, and
thus indirectly on basic literacy. Students often
claim they can study effectively while listening
to music (Patton, Stinard, & Routh, 1983). At
the same time, concerned educators and parents
intuitively believe listening to music might cre-
ate a distraction that could interfere with com-
prehension. In fact, research results are mixed.
Oswald, Tremblay, and Jones (2000) found a
significant deterioration in reading comprehen-
sion when distracters such as music or speech
were present, whereas Hallam, Price, and Kat-
sarou (2002) reported a beneficial effect. Boyle
and Coltheart (1996) and Pool, Koolstra, and
Van Der Voort (2003) claimed no clear effect of
music or verbal noise on performance. The
present study addressed these issues by testing
three hypotheses: (a) a difference exists be-
tween reading comprehension scores completed
in the environment without music and scores
obtained with lyrical music playing in the back-
ground; (b) a gender difference exists regarding
the reading comprehension scores completed in
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the environment without music and scores ob-
tained with background music; and (c) a rela-
tionship exists between degree of preference for
studying with music and scores obtained on a
reading comprehension test completed in either
the environment without music or with music
playing in the background.


Background


Researchers who have investigated the ef-
fects of sound on comprehension have ap-
proached the problem from a variety of perspec-
tives (Weinstein & Weinstein, 1979). A review
of relevant literature reveals two opposing the-
oretical perspectives with respect to the ques-
tion of whether background music necessarily
distracts from cognitive tasks. Although many
empirical studies appear to support the position
that distraction is likely, at least to some extent,
the opposite perspective thus far has not been
conclusively discounted.


According to neuropsychological research,
when an individual listens to music, the brain
processes the lyrics and melodies independently
(Besson, Faı̈ta, Peretz, Bonnel, & Requin,
1998). This lends support to the notion that not
only are these two types of listening competitive
functions, but they are likely to compete with
additional demands on the brain, such as those
posed by studying. Similarly, the limited capac-
ity model (Broadbent, 1958) has been cited as a
framework to explain the negative effects of
competitive tasks on concentration. Proponents
of the limited capacity model argue that at-
tempting to carry out two tasks that draw on
inherently limited cognitive resources will work
to the detriment of one or both (Pool et al.,
2003). Pool et al. argued that attempting to
accomplish two tasks simultaneously exceeds a
person’s capacity for attention, while others
contended that the decisive factor is not whether
the cognitive capacity is exceeded, but rather
that performance declines when both tasks in-
volve processing the same types of information
(Bourke, Duncan, & Nimmo-Smith, 1996).


Various studies of reading comprehension in
the presence of distractions have focused on
understanding the cognitive and/or emotional
processes that occur while listening to music.
Oswald et al. (2000) studied the disruptive ef-
fects of meaningful and meaningless speech on
comprehension. Both types of speech were


found to be equally disruptive, suggesting that
distraction by speech may have complex ele-
ments, leading to a significant difference be-
tween distraction resulting from listening and
that resulting from merely hearing. In terms of
adolescents studying with background music,
the findings by Oswald et al. suggest students
may attend to lyrics discriminately, varying
their attention when listening to familiar versus
unfamiliar lyrics, or to preferred musical artists
versus those in which they have less interest.


Many of the relevant studies provide only
weak support for the idea that music can be
distracting to students. For example, Boyle and
Coltheart (1996) investigated the degree to
which irrelevant sounds disrupted reading com-
prehension and short-term memory tasks, and
found lyrical as well as instrumental music af-
fected performance of both types of tasks neg-
atively, but not significantly. Paulhus, Aks, and
Coren (1990) found a clear correlation between
visual and auditory distractibility, but no rela-
tionship between either type of distractibility
and performance. These researchers suggested
adolescents’ responses to music may reflect the
emotions invoked by music, rather than serve as
proof music is a direct distraction.


Pool et al. (2003) did not find support for the
hypothesis that music interferes with learning
when they looked at soap operas as the disrup-
tive variable in a study of 8th-grade reading
comprehension. They reported that when stu-
dents only heard the audio of an episode, they
were not distracted, suggesting sound poses less
competition than does visual imagery during
comprehension tasks. This raises the question of
whether the type of music selected influences
the extent to which the music itself arouses
attention. Furnham and colleagues also failed to
support this hypothesis through studies that pro-
duced conflicting results. In an early study, TV
was found to significantly distract from perfor-
mance (Furnham, Gunter, & Peterson, 1994),
whereas studying with music as the distracting
element produced no positive or negative ef-
fects on performance when compared with per-
formance in quiet conditions, even when the
music varied in complexity (Furnham & Allass,
1999). Participants were college students, who
might be expected to be less easily distracted
than adolescents. However, in subsequent re-
search, also with college students, Furnham and
Strbac (2002) compared the difference in dis-
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traction between music and noise in the back-
ground while participants attempted a reading
comprehension task and found both music and
noise were equally distracting.


While most research has focused on deter-
mining the disruptive effect of music and other
sounds while studying, some educators have
explored the potential of music to enhance cog-
nitive performance. Savage (2001) found evi-
dence that listening comprehension and reading
comprehension involve similar cognitive pro-
cesses, and posited this similarity implies the
tasks are not necessarily competitive, thus sup-
porting the notion that music could be educa-
tionally enhancing. The typical approach of
such research has been to introduce different
types of music as stimuli under experimental
conditions. For example, Hallam et al. (2002)
studied students’ perceptions of the characteris-
tics of background classical instrumental music—
pleasant or unpleasant—while they performed
reading and computation tasks in a classroom
environment and concluded that music influ-
enced performance through arousal and mood,
rather than as a result of distraction. Although
the study was conducted in a classroom, the
authors acknowledged that the use of music in
the home may be even more important to stu-
dents’ learning, and suggested parents take an
active role in monitoring music when their chil-
dren are engaged in learning activities at home.
Carlson, Hoffman, Gray, and Thompson (2004)
took this premise a step further by using relax-
ation exercises accompanied by music to deter-
mine whether reading performance could be
improved in a 3rd-grade classroom. The study,
which used a vibroacoustic chair that allowed
the student to feel the vibrations of the music,
did indeed demonstrate that relaxation with mu-
sic can improve reading performance.


A body of research on homework sheds light
on the students’ perspective. Hong et al. (2004)
offered a conceptual model of homework orga-
nized along dimensions of motivation and pref-
erences, including those related to surroundings,
including auditory, visual, tactile, kinesthetic,
and mobility qualities, and reported that moti-
vated and persistent students expressed a pref-
erence for background sound while doing
homework. Students with weaker motivation
and a tendency to delay doing homework pre-
ferred a quiet, dimly lit environment. Patton et
al. (1983) reported somewhat different findings.


These researchers assessed student perceptions
of the effects of TV, radio, or stereo on the
degree of distraction from reading, writing, and
math tasks, and found nearly all participants
reported that no matter what the task, they usu-
ally had the TV, radio, or stereo playing while
they did homework. The students preferred a
quiet room for a reading assignment, but not
necessarily for a math assignment or assignment
involving both reading and writing. Patton et al.
found a clear difference between student per-
ceptions of the effects of distractions and the
decision to do homework with or without such
distractions. Students acknowledged that a quiet
room probably would be a better environment,
but still preferred doing homework where a TV,
radio, or stereo was on, or where others were
present. Stålhammar (2003), who studied the
spatial distinctions adolescents make during
music listening experiences, found students pre-
ferred to listen in an individual space (i.e., alone
or with headphones, rather than with peers)
when they were feeling strongly about some-
thing, or when they wanted to relax or think,
lending support to the idea that these student
view music as enhancing their study habits.


Little research is available that clarifies pos-
sible gender differences in the context of the
effects of music on academic performance, al-
though a great deal has been written about the
influence of music on adolescent identity devel-
opment and the role of popular culture in that
development (Lowe, 2003), as well as the in-
fluence of friends’ tastes and other social factors
on music preferences (Hurtes, 2002). One area
of research in particular, that focused on self-
regulation, holds relevance for the present
study. Raffaelli et al. (2005) found that girls had
better self-regulatory ability than boys, and that
this ability persisted from age 4 to 13. Self-
regulation in the form of voluntary reading hab-
its has been linked to female socialization prac-
tices that support reading and sharing books
with others, and to male socialization practices
that link mothers, rather than fathers, with read-
ing considered to be a girl’s thing, not a boy’s
thing (Irwin, 2003). Thus, presumably, girls
would have a stronger ability than do boys to
regulate their study habits and to determine
what could distract them and to avoid such
distractions. Adolescents of both genders re-
portedly are more likely to listen to music than
to read, although both activities have been
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shown to be associated with self-esteem and
social identity. Particularly for boys, peer iden-
tification is a critical factor often signaled by
music preference (Tarrant, 2002).


In sum, while empirical studies of the effects
of music as a distracter on reading comprehen-
sion performance are limited, a small body of
researchers has begun to establish some param-
eters for the study of this relationship. Most
research in this area has proceeded from the
assumption that some deterioration in reading
performance will occur when distracters are
present; however, researchers are beginning to
realize that young people may not be distracted
to the same degree or in the same way as older
adolescents and adults. To clarify this issue, the
present study focused on junior high school
students. Existing experiential studies have in-
cluded a variety of variables (i.e., music as well
as different types of noise), and performance
tasks of varying degrees of difficulty (e.g.,
homework, preparing for exams, writing, math,
visual search, short-term memory, and recall).
When music is examined, it is typically in-
strumental rather than lyrical, and thus not the
music popular with today’s youth. The
present study attempted to use the music most
likely sought out and listened to by adoles-
cents today and assessed their preferences for
the specific music selections. Moreover, mea-
surements used in most of the research re-
viewed tended to be subjective in nature (i.e.,
interviews, diaries, and self-reports). The
present study administered a standard test of
reading comprehension to determine effects
of lyrical music on learning.


Methods


Participants


Data for this study were obtained from 334
7th- and 8th-grade students. Gender was fairly
equivalent in representation, and included 172
boys (51.5%) and 162 girls (48.5%), of which
198 (59.3%) were in the 7th grade and 136
(40.7%) were 8th graders. Students were se-
lected from five public junior high schools in
southwestern Arizona. Of the participating stu-
dents, 64.6% were Hispanic, 30.5% were
White, 2.8% were Black, 1.0% were American
Indian, and 1.0% were Asian; this ethnic distri-
bution reflected the district’s student population


at large. All students in the study were regular/
general education students and were proficient
in speaking, reading, and writing English
(according to IDEA Proficiency Test and Ari-
zona English Language Learner Assessment
scores) to rule out limitations of English lan-
guage learners. Students with hearing deficits
(as indicated in annual school health examina-
tions) were not included in the study.


Instrumentation and Materials


The students were assessed with the reading
comprehension subtest of the Gates-MacGinitie
Reading Tests, fourth edition (GMRT-4;
MacGinitie et al., 2000). Reading comprehen-
sion test scores were chosen as the dependent
variable to most closely represent the outcome
of interest (i.e., students’ ability to acquire and
process new information). The reading compre-
hension subtest is available in alternate but
equivalent forms (i.e., S and T). Each form
contains 48 questions pertaining to 11 prose
texts that vary in length and span a wide range
of content chosen from a variety of published
sources deemed appropriate for, yet not familiar
to students at the grade levels for which the test
was developed. Students were asked to read a
short narrative or expository text and answer a
few multiple-choice questions (with 5 choices
per item). The test was administered by the
researcher under standard conditions, including
a 35-min time limit.


Estimates of the GMRT-4 alternate form’s
reliability using the Kuder–Richardson For-
mula 20 (K-R 20) are high for total test scores
and range from 0.74 to 0.87 for the reading
comprehension subtest. The GMRT-4 has
strong internal consistency levels for both the
total test and reading comprehension subtest,
with coefficient values of 0.90 or higher (John-
son, 2005). Content validity was established
through careful item development, including
statistical analyses with the Mantel-Haenszel
Measure of Differential Item Functioning, and
consultation with an expert panel to eliminate
gender and ethnic bias (Flippo & Caverly,
2008). Additional technical information can be
obtained from the publisher (MacGinitie,
MacGinitie, Maria, & Dreyer, 2008).


A brief survey of student study habits and
music preferences, developed by the researcher,
was administered following the session in
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which music was played. Participants were
asked to rate the degree to which they appreci-
ated hearing each of the nine songs played,
using a Likert-type scale ranging from 5 �
strongly liked to 1 � strongly disliked, as well
as to indicate a general preference for studying
with (or without) music. A pilot survey was
administered to 52 7th- and 8th-grade students
prior to the experiment. The students were ran-
domly chosen from two homeroom classes in
two different junior high schools and were
asked to read and respond to the 11 items on the
survey; they did not hear the music selections.
Results of the pilot indicated that of the 52
students, 41 (79%) reported they liked to listen
to music while studying. When asked about
preferences for specific music listed in the sur-
vey, a majority (37, or 71%) indicated they did
enjoy listening to those music selections (i.e.,
they chose 5 � strongly agree or 4 � agree).
These findings are consistent with research find-
ing that most adolescents study with music
playing in the background (Patton et al., 1983).
The fact that most of the students in the pilot
reported liking the musical selections listed in
the survey supported the supposition that this
type of music is typically listened to by these
students.


The music that was played in the background
during the study sessions consisted of top hit
songs listed in Billboard Magazine for the week
the study was conducted. The top hit 100 sin-
gles reflect sales and the number of times songs
are played on national radio stations. The deci-
sion to use top hit music, rather than a specific
genre of music, was based on the assumption
that participants most likely would be aware of
and familiar with the selections, whether or not
they reflected top hits played by local radio
stations or the participants’ personal tastes for
such music. The top songs chosen from the
Billboard charts were very similar to those
listed in other top charts, such as MTV, Rick


Dees Weekly Top 40, and American Top 40
with Ryan Seacrest. The 9 songs chosen for the
study (Table 3) were actually from the top 20 on
the designated charts. Songs chosen were
screened for appropriateness and did not contain
fowl language or explicit lyrics.


Data Collection Procedures


Raw scores from the standardized reading
comprehension subtest were obtained during
study hall periods, under two different environ-
mental conditions: (a) a typical (nonmusic)
study hall classroom, and (b) the same room,
but with lyrical music playing in the back-
ground at a preset volume. Given that the in-
strumentation included two parallel forms of the
reading comprehension subtest and two envi-
ronmental conditions, the participants were ran-
domly assigned to one of four groups. Each
group participated in the study over 2 days, with
a mean time of 1 day between study sessions, as
a counterbalancing technique. The rationale for
conducting the two sessions a day apart was to
reduce any effects caused by differences in stu-
dents’ mood, anxiety level, or response to other
factors in the environment. Table 1 presents the
schedule for all four groups, showing which
environment they experienced and which form
of the reading comprehension subtest they took
on each day.


During the study session in which music was
played in the background, nine songs were
played over the duration (35 min). The music,
previously recorded on a single disk by a pro-
fessional disk jockey, was played via a Bose
Wave Radio/CD unit over the school’s public
address system at a preset volume of approxi-
mately 75 decibels. This volume was selected
after careful consideration of prior research,
which intimated that more intense noise was
associated with greater difficulty in the comple-
tion of a task. The purpose of the study was not


Table 1
Schedule of Experimental Sessions


Day Group 1 Group 2 Group 3 Group 4


1 Form S Form S Form T Form T
No music With music No music With music


2 Form T Form T Form S Form S
With music No music With music No music
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to test the loudness effect, but to examine the
content effect of lyrical music; hence, the selec-
tion of the moderate playback level of 75 deci-
bels. The volume was monitored with a sound
level meter.


The instrument was administered by a certi-
fied school psychologist with 20 years of expe-
rience as a teacher and school psychologist,
working on a doctoral degree. The evaluator
obtained training with the GMRT-4 via a work-
shop, and was familiar with the GMRT since its
second edition. Informed consent was obtained
from all participants’ parents. The consent in-
troduced the study and examiner, provided
background information and procedures, ex-
plained that the study was voluntary, listed any
potential risks or benefits, stated that no com-
pensation would be given, clarified confidenti-
ality, gave contact information for questions,
and was signed by each student and his or her
parent(s) prior to the study. The teachers and
evaluator also provided students with informa-
tion prior to testing, and explained the outcomes
of the study afterward.


Results


A within-subjects analysis of variance
(ANOVA) was used to compare how students
performed in the two environmental conditions. A
one-way ANOVA was used to compare differ-
ence in reading comprehension scores between
males and females under both study conditions.
Finally, a series of point biserial correlations was
performed to address the relationship between
students’ preferences and reading comprehen-
sion performance.


Across all four experimental groups, the mu-
sic environment score was lower than the non-
music environment score (M � 26.49 vs.
M � 30.56; Table 2), and this difference was


significant, F(1, 332) � 193.60, p � .001 (Ta-
ble 3). Overall, nearly three-quarters of the stu-
dents (74.5%) did less well on the reading com-
prehension test while listening to lyrical music
in the background (M � �4.07, SD � 5.35),
compared with students in the quiet environ-
ment. Therefore, the hypothesis that a differ-
ence exists between reading comprehension
scores in the environments with and without
music was accepted.


Girls had a greater decline in scores under
the music environment compared with the
nonmusic environment (M � �5.01) than did
boys (M � �3.20; Table 2), and this differ-
ence was significant, F(1, 332) � 9.72, p �
.002 (Table 4). Therefore, the hypothesis that
a gender difference exists regarding reading
comprehension scores in the environments with
and without music was accepted.


The students’ total music preference score
was negatively related to reading comprehen-
sion in the nonmusic environment, r(332) �
�.12, p � .03 (Table 5). However, the total
music preference score was not correlated with
the reading comprehension difference score
(music vs. no music), r(332) � .05, p � .34, or
with the reading comprehension score in the
music environment, r(332) � �.09, p � .10.
Therefore, the hypothesis that a relationship ex-
ists between degree of preference for studying
with music and reading comprehension scores
in environments with and without music was
partially accepted. Females had a greater pref-
erence for listening to music when studying
than did males (rpb � .28, p � .001). Females
also had significantly higher ratings for 7 of
the 10 individual music preference items, com-
pared with the ratings by males. In addition,
students who were in more agreement with a
statement asking if they liked to listen to music
while studying had lower reading comprehen-


Table 2
Difference in Comprehension Based on Presence of Music, Descriptive Statistics


Variable Gender n M SD


No Music Score Male 172 29.70 11.00
Female 162 31.47 9.24
Total 334 30.56 10.21


Music Score Male 172 26.50 11.14
Female 162 26.46 10.26
Total 334 26.49 10.70
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sion scores in the nonmusic environment,
r(332) � �.19, p � .001, as well as in the
music environment, r(332) � �.13, p � .01,
than did students who reported that they typi-
cally preferred not to listen to music while
studying.


Discussion


Results of the present study support the as-
sumption that studying while listening to music
detracts from the reading performance of ado-
lescents. As such, the findings contribute to the
body of existing research, which has produced
inconclusive results about whether listening to
music interferes with students’ study habits.
This study was notable because the focus was
on adolescents, who have been underrepre-
sented in related empirical studies. It also stands
out in that gender differences were included,
and the music was deliberately selected to re-
flect the musical genres popular with the target
age group and what they would most likely
listen to independently or with friends.


The reading comprehension of three-quarters
of the students in this study declined signifi-
cantly when listening to music, compared with
their performance in a quiet setting. The detri-
mental effect on comprehension of material was
more pronounced for students who had a stron-
ger preference for the music used in this study
and for listening to music while studying. A
striking implication is that these students were
unaware of the amount of attention they were


deflecting from the test or of the impact the
music had on their mental activities. These stu-
dents may be so accustomed to reading and
studying with music that it does not occur to
them they might comprehend better without the
background distraction.


Most students who reported a preference for
studying with music performed more poorly
with and without background music than did
those who preferred to study in quiet surround-
ings. The presence of a small group of students
who read at least as effectively while listening
to music helps explain why research findings to
date have been inconsistent. It is possible these
students have developed cognitive strategies
that enable them to focus on study tasks despite
competing background stimuli. Most students,
however, require an intervention to achieve this
aim. For example, capitalizing on activities that
are popular with adolescents, such as journal
keeping, can offer a channel for raising aware-
ness about study habits and monitoring change
over time. The powerful influence of the peer
group can be harnessed in group interventions
to enhance study skills and techniques.


These results support the idea that lyrical
music and written text are competing stimuli, as
stated by Pool et al. (2003), as well as the theory
that people discriminately attend to sounds (Os-
wald et al., 2000). In the current study, it is
possible students discriminately attended to the
lyrics, varying their attention depending on
whether they were listening to songs and artists
they liked or did not like. Further study would


Table 3
Difference in Reading Comprehension Scores, Based on Presence of Music,
Within-Subjects Analysis of Variance (ANOVA) Test


Source SS df MS F p �2


Condition 2772.94 1 2772.94 193.60 .001 .61
Error 4769.56 332 14.32
Total 7542.50 333


Table 4
Comparison of Music Difference Score, by Gender


Source SS df MS F p �2


Gender 271.10 1 271.10 9.72 .002 .17
Error 9264.87 332 27.91
Total 9535.98 333


Note. Difference � Music environment score versus no music environment score.
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be needed to determine the differential effects
of various potential sources of distraction, such
as whether students would have been less dis-
tracted by other genres of music (e.g., jazz,
country, alternative, classical, rap) than by pop-
ular lyrical music. Another possible explanation
for the results of this study is that, rather than
the music distracting students from reading,
they might rely on background music because
they are already disengaged from the material.
In that case, further research could look at the
correlations between students’ perception of the
relevance of educational content and their ten-
dency to become distracted.


Self-efficacy theory may explain the gender
difference, given that sources have suggested
girls have higher self-efficacy for reading than
do boys (Horner & Shwery, 2002; Pajares,
2002). Because high self-efficacy sometimes re-
sults in an overestimation of one’s abilities, it is
possible that girls overestimated their ability to
read or study successfully while listening to
music. Studies also have suggested that adoles-
cents typically prefer listening to music they
view as being socially accepted within a group
of peers (Hurtes, 2002; Tarrant, 2002). This
trend appears to be gender related. Tarrant
found 81% of 14- and 15-year-old girls reported
they listened to music as a leisure activity with
a peer group, compared with only 48% of boys
who did so. The detrimental effect of music on
the girls’ reading performance in the current
study implies that educators need to be aware of
adolescent girls’ potentially greater distractibil-
ity and plan interventions accordingly. At the


same time, they can take advantage of adoles-
cent girls’ propensity for social interaction,
which suggest that group sessions and peer
coaching may be among the techniques that
could prove effective with this group.


The results of this study raise practical issues
with respect to student’s awareness of their in-
dividual study habits. Educators and parents
may need to help a sizable group of students,
specifically those who prefer to study while
listening to music and are unaware of the extent
to which they are distracted, develop a reper-
toire of cognitive skills and strategies to reduce
distractibility and improve concentration and
attention. To expect that adolescents will alter
study habits without interventions that consider
individual developmental level and social and
personal preferences is unrealistic. Thus, a first
remedial step would be for educators and par-
ents to assist students in becoming aware of
their habits, and of the effect those habits have
on academic performance. School psychologists
can be alert to students who may have issues in
this area, and can consult with teachers and
parents to make sure students hone their study
and homework habits.


One limitation of the study is that the reading
ability and possible attentional deficits of stu-
dents, which could have influenced their com-
prehension scores, were not assessed. In addi-
tion, various environmental factors (e.g., time
of day, volume of the music) and individual
factors (e.g., students’ moods) were assumed
not to have a significant influence on the results.
Finally, this study used only one experimental


Table 5
Point Biserial Correlations for Selected Variables


No music score Music score Gendera


Total music preference �.12� �.09 .28����


Q1. When I study, I like to listen to music �.19���� �.13�� .16���


Q2. SOS (Rescue Me), by Rihanna �.13� �.13� .36����


Q3. Bad Day, by Daniel Powter �.03 .02 .20����


Q4. Unwritten, by Natasha Bedingfield �.03 �.02 .36����


Q5. What Hurts the Most, by Rascal Flatts �.02 .02 .24����


Q6. Walk Away, by Kelly Clarkson �.09 �.08 .39����


Q7. Move Along, by The All-American Rejects .01 .05 .07
Q8. Grillz, by Nelly �.30���� �.28��� .05
Q9. Savin Me, by Nickleback �.06 �.03 .05
Q10. Over My Head (Cable Car), by the Fray �.03 �.03 .11�


a Gender: 1 � male, 2 � female.
� p � .05. �� p � .01. ��� p � .005. ���� p � .001.
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condition of music, and students in other set-
tings or of different ages might react differently
to different music selections, thus limiting the
generalizability of the findings.


In conclusion, the association between music
and intellectual performance is clearly a topic
that merits further investigation, particularly
among adolescents. This study focused specifi-
cally on reading comprehension. Other studies
could explore different aspects of literacy, such
as mathematics and writing tasks. All these ac-
tivities involve different cognitive processes,
which in turn could differentially affect the im-
pact of background music on students’ learning.
Obtaining further clarification should be a pri-
ority for educational researchers concerned with
helping adolescents gain skills that will benefit
them in academic endeavors as well as in other
activities in an environment where multitasking
prevails.
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EFFECTS OF LISTENING T O  MOZART AND BACH ON 
THE PERFORMANCE O F  A MATHEMATICAL TEST ' 


DAVID J. BRIDGETT AND JACQUELINE CUEVAS 


Midwestern Sfale U~liversity 


Szimtnary.-The purpose of the current study was to assess the effect of listening 
to Mozart and Bach on the immediate performance of a 10-min. mathematical test. 
The study consisted of 61 undergraduate participants. Participants were randomly as- 
signed to a control group, a Mozart group, or a Bach group. Participants were then 
administered a mathematics pretest, listened to a selection of music for 10 min., and 
were then administered a mathematics posttest. The test was constructed to be similar 
to items taken from the University Mathematics Placement Examination. Analysis indi- 
cated no significant effect on the immediate mathematics test when participants lis- 
tened to 10 min. of either Mozart or Bach. These findings suggest caution in rneasur- 
ing daerences in various cognitive tasks as indicating increases in intelligence scores. 


There has been some controversy in recent years over the finding by 
Rauscher, Shaw, and Ky (1993) that listening to some of Mozart's Sonata for 
Two Pianos in D Major improved subsequent performance on abstract or 
spatial reasoning tasks taken from the Stanford-Binet Intelligence Scale, 
Fourth Edtion. This improvement was translated by Rauscher, et  a/. (1993) 
to be an increase in I Q  of eight to nine points. In a recent meta-analytical 
review of 16 studies investigating the Mozart effect, Chabris (1999) con- 
cluded that improvement on spatial tasks after listening to Mozart is the 
result of an "enjoyment arousal" effect. Thus, the debate goes on, and there 
is no definitive answer to whether there is a Mozart effect. The popular 
press has capitalized on the findings by Rauscher, et a/. (1993), often touting 
the potential benefits of listening to Mozart's music. However, other than 
those srudles of the effect of Mozart's music on spatial tasks, no investiga- 
tions have examined what, if any, improvement may be observed on other 
subsequent complex cognitive tasks after listening to Mozart's music. 


In an attempt to replicate the Mozart effect, three additional studies 
uthzed the Stanford-Binet Paper-folding and Cutting subtest and additional 
items constructed to be similar to that subtest (e.g., fideout & Laubach, 
1996; fideout & Taylor, 1997; Rideout, Dougherty, & Wernert, 1998). 
These studies yielded small but statistically significant increases in the test 
scores of participants immediately following brief exposure to Mozart's So- 
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ment of Psychology Stephen F. Austin State University, P.O. Box 13046 SFA Station, Nacog- 
doches. TX 75962-3046 or  e-mail (dave-bridgett@hotmail.corn). 
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nata in D Major (kdeout & Laubach, 1996; kdeout & Taylor, 1997; Rde-  
out, et a/., 1998) and after a selection of music by Yanni which was judged 
to be similar to the Mozart piece in structure, tempo, melodic and harmonic 
consonance, and predictability (lbdeout, et a/., 1998). 


Similar studies were done using various other measures of spatial ability 
such as Raven's Progressive Matrices (Stough, Kerkin, Bates, & Mangan, 
1994; Newman, Rosenbach, Burns, Latirner, Matocha, & Vogr. 1995), the 
Revised Minnesota Paper Form Board Test (Carstens, Huskms, & Houn- 
shell, 19951, a backward digit span task (Steele, Ball, & Runk, 1997), and a 
mazes task (Wilson & Brown, 1997). Another study, Steele, Brown, and 
Stoecker (1999) inserted a verbal distractor between the pretest and the brief 
selection of the Mozart Sonata in an effort to produce the Mozart effect. 
This study which utilized the Paper-folding and Cutting items taken from 
the Stanford-Binet Intelhgence Scale, Fourth Edition, along with the previ- 
ously mentioned studes, yielded no significant effects as a result of listening 
to Mozart's music. 


Rauscher, et a/. (1993) suggested investigation into the effect listening 
to Mozart might have on quantitative reasoning. Although the review por- 
tion of the study conducted by Wilson and Brown (1997) indicated that 
previous investigations found that listening to Mozart increased immediate 
performance on mathematical as well as spatial tasks, a review of the licera- 
ture undertaken by the current authors yielded no such studies have been 
performed. Finally, only a few studies have been conducted in which the 
effects of complex classical pieces of music, other than Mozart's music, have 
on complex cognitive tasks. Given the suggestion by Rauscher, et a f .  (1993), 
the lack of research investigating the effect of listening to Mozart's music on 
quantitative reasoning and the lack of studies investigating the effects of 
non-Mozart pieces of classical music on the performance of cognitive tasks, 
the purpose of the current study is to assess whether listening to Mozart or 
Bach will increase performance on a mathematics test. 


METHOD 


Partzczpants 


Sixty-one undergraduate students, 48 women and 13 men, from a small 
north Texas university volunteered and received additional credit for their 
participation. The ages of participants ranged from 18 to 50 years, with a 
mean age of 25.4. The majority (65.5%) were between the ages of 19 and 24 
years. The self-identified ethnic makeup of the participants was as follows: 
77.0% Euro-American, 11.4 % African Arnerican/Black, 3.2 % Hispanic, 
1.6% Asian, and 6.5% Other. Participants indicated having attained mathe- 
matical achievement as follows: no mathematics (n = 21, high school algebra 
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I, algebra I1 or geometry and no college mathematics ( n =  161, high school 
trigonometry or calculus and no college mathematics ( n  =6), college algebra 
(n=26) ,  only college statistics ( n = 3 ) ,  and college trigonometry or higher 
( n  =8). Participants also indicated having 25 different academic majors, the 
largest number of whom were in psychology ( n  = 6 ) .  


Apparatus 
The room in which this study was conducted was a medium-sized lec- 


ture hall used for the reaching of several different courses by the music de- 
partment. The room was selected for its size, the sound system installed in 
the room, and for its acoustic quality. 


A mathematics test of 10 items was constructed in nvo alternate forms 
for use in this study. Items were constructed to be similar to those found on 
the University Mathematics Placement Examination given to incoming fresh- 
man students to determine placement in mathematics courses. The I0 items 
were of three difficulty levels. The first two items were the least difficult, the 
next six items were of medium difficulty, and the last two items were the 
highest leveI of dfficulty. The test was designed to be taken in 10 minutes. 


Procedure 
Participants were assigned to a control group ( n = 2 0 ) ,  a Mozart group 


( n  =20) ,  or  a Bach group (n=20) .  This was achieved by contacting the par- 
ticipants and giving them a choice of three different days in which to take 
part in the study. 


The study was conducted on three consecutive days at the same time 
each day. The control group was tested on the first day of the study, the 
Mozart group on the second day, and the Bach group on the third day. Af- 
ter participants arrived, a consent form was given to them to read and sign 
as well as demographic information sheet to ~ L U  out. Participants were then 
asked if they had any questions regarding the study. Once questions had 
been answered, subjects were asked to refrain from talking for the remain- 
der of the session. 


This study uthzed a pretest/posttest design. The alternate forms of the 
mathematics test were counterbalanced. Prior to beginning the testing ses- 
sion, participants were told that no  calculators could be used. Participants 
were then given 10 min. to complete the pretest. After the completion of the 
pretest, participants in the control group listened to I0 min. of ocean 
sounds, participants in the Mozart group listened to 10 min. of Mozart's So- 
nata for Two Pianos in D Major (Munves, 1995), and participants in the 
Bach group listened to 7 min., 49 sec. of the first movement, Allegro, and 
then 2  min., 11 sec. of the third movement, Presto, of Bach's Brandenburg 
Concerto Number 4 in G Major, BWV 1049. Following the music condi- 
tion, participants were given 10 min. to complete the posttest. 
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RESULTS 
Mean test scores improved across a1 three groups from pretest to post- 


test: control (4.90 to 5.35), Mozart (3.45 to 5.15), and Bach (3.76 to 4.38). 
Standard error of the test scores, pretest to posttest, are as follours: control 
(.460 to .436), Mozart (.460 to .436), and Bach (.449 to .425). An alpha level 
of .05 was used for all statistical tests. A one-way between-subjects analysis 
of variance tested for initial differences between groups. Results indicated no 
significant difference (F=.70, ns). A two-way mixed-design analysis of vari- 
ance, with type of music the between-subjects factor and time of test the 
within-subjects factor, was used to evaluate statistical significance of the mu- 
sic treatment. The effect of music was not statistically significant (F= 1.19, 
ns). 


DISCUSSION 
The current study demonstrates that listening to 10 min, of Mozart or 


Bach did not significantly increase immediate subsequent performance on a 
lo-min. mathematical test. These results are consistent with those studies 
which indicate listening to Mozart has no effect on the performance of spa- 
tial tasks (Stough, et al., 1994; Carstens, et al., 1995; Newman; et al., 1995; 
Steele, et a!., 1997, 1999). 


There are at least two plausible explanations for the current finding. In 
his explanation of the Mozart effect, Chabris (1999) pointed to the fact that 
difficult spatial tasks as well as cognitive arousal are associated with right 
hemisphere function; however, ic may be that cognitive arousal and mathe- 
matical ability do not share the same right hemisphere locus. The second 
plausible explanation for the failure to find a Mozart effect in the current 
study, which was also suggested by Chabris (1999), is the mathernacics test 
may not have been sufficiently arousing to subjects. This leads the authors of 
the current study to conclude that, while listening to a brief selection of Mo- 
zart or other complex musical pieces is of substantial aesthetic value, there is 
no indication that listening to classical music briefly increases irnmechate per- 
formance on cognitive tasks. 


Finally, the manner in which Mozart's music is currently marketed by at 
least one company leads one to believe that listening to Mozart will increase 
one's IQ or performance on any test. Given that only a handful of studies 
indicate listening to Mozart increases immediate performance on a measure 
of spatial IQ, the current authors advise caution in endorsing listening to 
Mozart's music as a "quick and easy" way to increase performance on tests 
of cognitive abhty. 
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