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Effect of Musical Tempo and Mode on Cognitive 

Performance 
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Previous research has found that cognitive benefits can arise from active music participation and passive music 

listening.  Specifically, passive exposure to fast music in a major mode has been found to increase cognitive 

abilities.  In this experiment, researchers played two minutes of fast music, slow music or silence and 

subsequently tested the participants on a logic task.  The researchers sought to support the hypothesis that fast 

music results in better scores on a logic test than slow music or silence.  No significant results were obtained, 

suggesting that music tempo does not affect cognitive test scores. 
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The cultural significance of music cannot be 

understated, and many people utilize music to study, relax after 

a long day, or energize.   Applying a melody to words can help 

us remember them (Wallace, 1994), and musical therapy is 

widely used to improve cognitive, behavioral and physiological 

disabilities (Colwell, 2016).  Cognitive and attentional 

improvement has been shown in individuals with dementia 

(Maguire, Wanschura, Battaglia, Howell, & Flinn, 2015), 

autism (LaGasse, 2014), and Down syndrome (l’Etoile, 2015) 

in response to musical exposure.  However, the cognitive 

benefits of music, exposure, and participation are not limited to 

those with cognitive deficits. 

 Individuals with musical training have shown 

some cognitive advantages compared to their non-musician 

peers. Ho, Cheung, and Chan (2003) demonstrated that 

children who underwent musical training in their school’s 

orchestra for one year showed better verbal learning than those 

who quit the orchestra within three months.  This finding was 

consistent with the finding that musicians tend to have a larger 

left planum temporale—an area of the brain related to auditory 

processing (Tremblay, Deschamps, & Gracco,2013)—

compared to non-musicians (Schlaug, Jencke, Huang, & 

Steinmetz, 1995).  Individuals with musical training have also 

been shown to possess increased ability to memorize phrases 

that are sung or spoken to them (Kilgour, Jakobson, & Cuddy, 

2000).  
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 In addition to learning benefits, musicians’ brains also 

show morphological differences compared to non-musicians’. 

Various studies have shown that musicians possess a greater 

volume of gray matter in areas of the auditory cortex, such as 

Heschl’s gyrus (Schneider et al., 2002), as well as a larger 

corpus callosum (Schlaug et al., 1995), which connects to the 

two hemispheres of the brain (Cyprien et al., 2014).  Children 

that have undergone eleven months of musical training have 

shown significantly larger brain areas related to motor and 

auditory functions, indicating that anatomical brain differences 

and musical experience exhibit a correlational relationship 

(Hyde, Lerch, Forgeard, Winner, Evans, & Schlaug, 2009). 

 These studies show that repeated active participation in music 

may correlate with changes in brain morphology, and some 

increases in cognitive performance. 

 Although these studies provide evidence demonstrating 

that active musical participation correlates with cognitive 

improvements, they fail to show whether passive musical 

exposure can generate similar results.  Passive listening is 

different from active participation in that passive listening 

involves no contribution to the music-making process.  Xing et 

al. (2016) demonstrated the cognitive benefits of passively 

listening to music. They exposed rats to Mozart sonata K.448 

for 12 hours a day, every day, until 98 days after their birth. 

 These rats demonstrated superior performance on a hidden 

platform Morris water maze task, which is a validated spatial 

ability task (D’Hooge & De Deyn, 2001), compared to 

controls.  They found that the rats exposed to the Mozart 

sonata had increased expression of proteins in the dorsal 

hippocampus, which is understood to contribute to spatial 

ability (Moser, Moser, Forrest, Andersen, & Morris, 1995). 
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This study indicates that active practice is not necessary to 

benefit from music.  

 Rats are not the only ones to show musical gains. 

 Rauscher and Shaw (1995) were the first to propose the 

“Mozart Effect,” when they found that participants who 

listened to Mozart K.448 for 10 minutes performed better on a 

spatial task than a control group. The researchers described 

parameters necessary to generate similar results.  To achieve 

their results, they specified that the task being measured must 

be a spatial temporal task. Mozart K.448 excites firing in the 

basic neural network of the cortex (Rauscher & Shaw, 1998), 

which is essential to those tasks.  In addition to the type of 

task, the music choice is important too.  Many researchers 

could not replicate the results when they used Bartok or 

minimalistic trance music, but others achieved a significant 

effect with Mozart and Schubert sonatas. This suggests that 

complex and non-repetitious music is necessary to generate a 

significant effect (Rauscher & Shaw, 1998).  Therefore, 

repeated replication of the Mozart Effect provides evidence for 

its existence. 

 Many other researchers have attempted to replicate 

Rauscher’s results.  One study used electroencephalography 

(EEG), which uses electrodes to measure electrical impulses in 

the brain.  They measured the firing of brain waves, and found 

that participants who listened to Mozart’s K.448 sonata showed 

greater activity than participants who listened to Beethoven’s 

Fur Elise (Verrusio, Ettorre, Vicenzini, Vanacore, Cacciafesta, 

& Mecarelli, 2015).   Verrusio et al. (2015) concluded that 

Mozart music is able to “activate neuronal cortical circuits 

related to attentive and cognitive functions” (p. 54) in 

cognitively normal individuals.  This study indicates that 

listening to Mozart generates benefits in spatial cognitive ability 

that have been demonstrated with the Mozart Effect, but 

listening to Beethoven’s Fur Elise does not. 

 Although some experimenters have been able to 

replicate Rauscher & Shaw’s results (Rideout & Laubach, 

1996; Nantais & Schellenberg, 1999), others have not been 

able to do so and the Mozart Effect remains a heavily debated 

topic.  Pietschnig, Voracek, &  Formann conducted a meta-

analysis on the effect, and concluded that observed Mozart 

effects were small in size, that there was strong evidence for 

publication bias, and that labs affiliated with Rauscher found a 

larger effect than those who were not affiliated.  This indicates 

a greater need for research on the topic, and an identification of 

possible factors that can mediate the effect, such as arousal and 

mood. 

 Some have speculated that arousal and mood are 

mediators manipulated by music, which influences cognitive 

performance.  It is possible that Fur Elise did not achieve the 

same effects that Mozart K.448 did in the EEG study due to its 

neutral effect on arousal and mood. It is possible that positive 

affect enhances verbal performance (Gray, 2001), working 

memory (Yang, Yang, & Isen, 2013), and decision-making 

(Carpenter, Peters, Vasjall, & Isen, 2012), and facilitates 

motivation and performance (Erez & Isen, 2002).  Arousal is a 

multifaceted  concept,  but studies  have demonstrated its effect  
 

 
 

FIGURE 1.  Adapted from Husain, Thompson, and Schellenberg (2002). 

Copyright 2002 by University of California Press.  Adapted with 

permission. 

 

 

on selective attention, discrimination learning, and spatial 

working memory (Robbins, 1997).  This indicates that arousal 

and mood affect cognitive processes, and could be mediators 

between music and cognitive performance.   Music tempo 

moderates arousal (Balch & Lewis, 1996).   Figure 1 illustrates 

how tempo and mode are mediated by arousal, mood, and 

enjoyment resulting in the performance effects observed in the 

Rauscher et al. studies. Tempo, or the speed of the piece, 

affects arousal and enjoyment, which determine cognitive 

performance as well.   

 Husain, Thompson, and Schellenberg (2002) 

manipulated the tempo and the mode of the K.448 Mozart 

Sonata to include four variations: high tempo with a minor 

mode (induced high arousal with negative affect), low tempo 

with a minor mode (induced low arousal with negative affect), 

high tempo with a major mode (induced high tempo with a 

positive affect), and low tempo with a major mode (induced 

low arousal with positive affect).  The researchers found that 

participants who listened to the sonata with a high tempo and 

major mode achieved the highest score of the groups on a 

spatial ability test, while participants who listened to the sonata 

with a low tempo and minor mode obtained the lowest score of 

the four groups.  Their findings strengthen the hypothesis that 

there is a causal effect between spatial performance, arousal 

and mood.  For the purposes of this experiment, we will only 

manipulate arousal, and keep everything else constant.  

 The findings by Husain et al. (2002) provide strong 

evidence for the link between arousal and mood that result in 

increased performance on a spatial task.  In this experiment, 

the researchers seek to replicate their results, measuring 

arousal, using Bach concertos.  The hypothesis for this 

experiment is that those who listen to a Bach concerto at a high 

tempo will subsequently perform better on a cognitive task than 

those who listen to a Bach concerto at a low tempo or sit in 

silence.  Significant results will demonstrate an interaction 

between arousal and cognitive performance, indicating that the 

Mozart Effect has nothing to do with Mozart, but with the 

tempo of the music.  This topic should be studied because the 

claim that listening to Mozart can result in cognitive benefits is 

worthy of exploration.  Knowledge of the underlying cause of 
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the spatial ability boost that Rauscher and Shaw (1998) 

observed is essential and would take the mystery away from 

The Mozart Effect.  Narrowing the results down to the two 

constructs of arousal and mood would clarify how music affects 

cognitive function.  This would result in better understanding 

of the processes underlying cognitive reasoning, and could have 

practical implications as well.  This would include applications 

in musical therapy, study habits, and education. 

 Husain et al. played the same Mozart sonata four 

times, and manipulated the tempo and mode.  They found that 

participants who listened to the variation with a high tempo and 

major mode obtained significantly better scores on a spatial 

ability test than those who listened to the same sonata with a 

slow tempo and minor mode.  Accordingly, this experiment 

will attempt to replicate the results using Bach Concerto BWV 

971, F major.  The independent variable is the tempo of the 

music, while the dependent variable is the score on the 

cognitive test.  The independent variable will have three levels: 

silence (control), slow music, and fast music.  

 

 

METHOD 

 

Participants 

 A convenience sample of 27 undergraduate University 

of Minnesota Psychology students was obtained from two 

Research Methods class sections.  The participants were chosen 

based on availability and willingness to participate.  They were 

all undergraduate college students, consisting of 18 females and 

nine males, and further demographics were not obtained. 

Participants did not receive compensation for being a part of 

this study. 

 

 

Materials 

 For the cognitive ability test, sample questions from 

the Law School Admission Test (LSAT; see Appendix A) were 

sourced from griffonprep.com.  There were six questions on 

the test, which were estimated to take eight minutes to 

complete.  Griffon Prep describes this test as an ordering task 

logic game.  The experimenters thought the LSAT questions 

would be more applicable than spatial tasks to real life 

cognitive abilities, and they were also more accessible than a 

spatial task would be.  After all participants were finished with 

the test, a survey created by the researchers was administered 

(see Appendix B) to obtain a self-report of their experience. 

The control group completed a similar survey with different 

wording to account for their sitting in silence (see Appendix 

C).   

 The two pieces that were used were both in a major 

mode, but they differed in their tempo.  The fast piece was 

measured at 240 beats per minute, while the slow piece was 

measured at 26 beats per minute.  The experimenters did not 

have the resources to alter the tempo or the mode of music, so 

we chose two pieces that were similar in complexity and 

repetitiveness, but were different in tempo. 

Youtube.com was used to administer the music due to 

its convenience and low cost.  The videos used also showed 

sheet music as the visual, which helped the researchers measure 

the tempo. Two videos were used, entitled “Bach-Kempff - 

Largo from Concerto in f minor BWV 1056” and “J.S. Bach - 

BWV 971 (3) - Italian Concerto – Presto.”   The largo 

movement was in A flat major and the presto movement was in 

F major.  The researchers manipulated no aspect of the tempo 

or mode.  Bach concertos were chosen as the stimuli because of 

their constant tempo and volume, and their relative stylistic 

similarity to the Mozart sonata.  The Largo was used for the 

low arousal music condition, was measured at 26 beats per 

minute (BPM) and was in a major mode.  The Presto was used 

for the high arousal condition, was measured at 240 BPM, and 

was in a major mode. Music was delivered through cell phone 

speakers, and no headphones were used.  

 To measure the tempo in BPM of each song, the 

website all8.com was utilized. The experimenters tapped the 

keyboard to the beat of the piece, and the website measured the 

rate of tapping in BPM.  The sheet music presented as the 

visual on Youtube.com was used to reference where the beat 

landed, and helped to measure the tempo.  Timers on the 

cellphones were used to measure test completion time, and 

enforce the 10-minute limit set by the researchers for 

expediency. 

 

Procedure   

Informed consent was delivered verbally, to inform 

the participants that their participation was voluntary.  After 

informed consent was given, the tests were set on the table in 

front of the participants face down.  The participants were 

instructed to leave them face down until told to begin. 

 Subsequently, the control participants experienced two minutes 

of silence, while the low arousal group experienced two 

minutes of Bach Largo Concerto (slow tempo, major mode), 

and the high arousal group experienced two minutes of Bach 

Presto Concerto (fast tempo, major mode).  After the two 

minutes were finished, the participants were asked to turn over 

their pages and begin.  At this point, the timer was started. 

 Time to completion was noted for each participant.  If any of 

the participants were not finished with the test after 10 minutes, 

they were instructed to put their writing utensils down, stop the 

test, and their time to completion was noted as 10 minutes.  In 

this event, participants usually guessed on some questions to 

finish the test in the allotted time, and any blank questions were 

scored zero.  After the participants were finished, they were 

debriefed and given the exit survey.  The logic test was scored 

on how many questions the participant answered correctly out 

of six.  The first three questions on the survey were scored on 

an ordinal scale according to the participant’s self-reports of 

their performance on the cognitive test, distraction level, and 

anxiety level. The last question on the survey was scored on a 

nominal scale, whether they rated their experience as positive 

or negative. 

 The Slow Music group went first, the Fast Music 

group went second, and the Control group went last.  
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RESULTS 

 

The dependent variable was the participants’ 

performance on the cognitive test, and was calculated by 

scoring how many questions they answered correctly out of six. 

 The independent variable was musical tempo, and was 

analyzed in three levels: control (2 minutes of silence), slow 

music (2 minutes of J.S. Bach Largo Concerto in F Minor), 

and fast music (2 minutes of J.S. Bach Presto Italian Concerto 

in F Major). 

 The researchers utilized an independent-groups one- 

way ANOVA, to compare the scores of the Control, Slow 

Music, and Fast Music groups.  Analyses showed that there 

was not a significant effect of music tempo on the logic test 

scores, F(2,24)=0.229, p=0.797.  Thus, Control (M=3.00, 

SD=2.00), Slow Music (M=2.44, SD=1.81), and Fast Music 

(M=2.78, SD=1.39) groups did not differ significantly on 

their logic scores.   

 In addition to the scores, data were collected on self-

reported anxiety levels and times to completion.  Analyses 

showed that there was not a significant effect of music tempo 

on anxiety self-reports, F(2,24)=0.995, p=0.385, or of music 

tempo on time to completion of the logic test, F(2,24)=2.615, 

p=.094.  There was no difference between the other measures, 

such as their distraction level, and the music’s effect of their 

performance on the test.  

 

 

DISCUSSION 

 

In our research, fast music did not enhance cognitive 

ability. Our findings contradict past research that has found that 

fast music results in better performance on a cognitive task than 

slow music or silence (Husain et al., 2002).  This suggests that 

if the Mozart Effect exists, tempo is not a contributing factor. 

 It could suggest that there is something else about Mozart’s 

sonata K.448 that could cause this effect, such as mode, which 

was not tested in this study.  There are some notable 

differences between the Mozart sonata and the Bach concerto in 

F major that was used in this study.  The Mozart sonata is a 

duet, has a larger number of tempo and volume fluctuations, 

and has an overall slower tempo than the Bach concerto. A 

Mozart K.448 performance was measured at 135 BPM, while 

the fast tempo Bach concerto was measured at 240 BPM.  All 

of these could have contributed to the observed effect found in 

studies testing this phenomenon (Thompson et al., 2002; 

Rauscher & Shaw, 1998; Verrusio et al., 2014).  However, 

this does not mean that a relationship between music tempo and 

cognitive performance does not exist.  There are several 

possible reasons why the results of the present study do not 

match the hypothesis or past research. 

 The materials used to play the music may not have 

been sufficient to achieve the effect.  This experiment used 

phone speakers played in a small room, while most others 

studies used headphones (Rauscher & Shaw, 1998; Thompson 

et al., 2002).  The use of phone speakers instead of headphones 

could have resulted in inferior salience of the music, which 

could have contributed to the observed lack of effect. 

 In addition, Rauscher & Shaw (1998) played 10 

minutes of Mozart’s K.448 sonata, while only two minutes of 

the Bach concertos were played in this experiment.  This could 

have accounted for the lack of effect as well. 

 In addition, the task that was administered during the 

study was not a spatial task.  The studies that obtained 

significant results used spatial tasks and measured spatial ability 

for the dependent variable, while we administered a logic test 

in this experiment.  It is possible that the Mozart Effect only 

affects spatial ability and has no effect on general mental 

ability. 

 Another possible explanation for the lack of significant 

results could be that the fast music made the participants 

anxious so their performance on the test was impeded.  Anxiety 

is known to impede performance on cognitive tasks (Eysenck, 

Derakshan, Santos, & Calvo, 2007), and this could have 

affected the results.  Students who listen to obnoxious music 

before a test that will affect their grade have been shown to 

perform worse than those who listen to calm music (Lilley, 

Oberle, & Thompson, 2014).  It is possible that some 

participants found the fast music stressful to listen to due to its 

tempo.  At 240 bpm, the piece used in this study was 

significantly faster than the Mozart K.448 variation used in the 

Husain et al. (2002) study, which was played at 165 bpm.  This 

is one limitation we encountered by not manipulating the tempo 

of the piece, and the excess tempo may have caused anxiety.  

However, a separate ANOVA performed showed that there was 

not a significant difference of musical tempo on anxiety 

between the groups.  These results are based on self-reports, 

and therefore are subjective, so the effects of anxiety due to 

fast music cannot be completely ruled out. 

 In addition to these limitations, the sample size in this 

study was very small with only nine people in each condition. 

 This could pose a problem with detecting an effect, so more 

participants would be needed in a future study. 

 Due to these limitations, some changes to the 

experimental design would be necessary to attempt this 

experiment again.  In the future, it is recommended that the 

pieces be played for 10 minutes instead of two, headphones are 

used instead of speakers, a spatial task such as the ones used in 

Rauscher & Shaw (1998), and Husain et al. (2002) is used 

instead of a general logic test, and a larger sample is acquired. 

 In addition to these adjustments, an objective measure of 

anxiety such as skin conductance response should be taken to 

rule out the possibility that music-induced anxiety confounds 

the results. 

 In conclusion, the hypothesis that music with a high 

tempo would increase cognitive test scores was not supported. 

 The lack of significant results contradicts previous research 

done on the topic.  No difference was found between the three 

groups, and more specifically, the group who listened to music 

at a fast tempo in a major mode did not do any better on the 

logic test than the silence group or the slow tempo, minor mode 

group.  This means that tempo is not the only cause of the 
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effect demonstrated by Rauscher and Shaw (1998), Thompson 

et al. (2002) and Verrusio et al. (2014), using Mozart Sonata 

K.448 as the stimulus. More research has to be done to 

understand the implications of the Mozart Effect, its practical 

applications, and perhaps if it exists at all.  Although music has 

some type of effect on the brain, it is yet unclear what exactly 

that is and how it can be exploited. 

 The possible existence of a Mozart Effect has far 

reaching implications, including in musical therapy to improve 

the cognitive abilities of developmentally delayed children and 

to improve the cognitive abilities of individuals with normal 

cognitive development.  However, our research indicates that it 

can only be seen under very specific circumstances.  Since 

Rauscher & Shaw conceptualized the Mozart Effect, an entire 

industry has been built from it, exploiting its purported 

existence.  This study provides evidence that the use of 

Mozart’s music to improve cognitive ability likely has no effect 

on normal cognitive tasks, such as the LSAT. 
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