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Abstract 

 

Being students at UW-Madison, rumors have been heard that listening to music while 

studying improves recollection of information during exam weeks. During exams students feel 

more stressed to perform well and typically tend to cram. We hypothesize that music will 

increase heart rate and brain activity which would ultimately improve short-term recollection. 

Our experiment tested students’ on their short-term memory with an electroencephalogram 

(EEG) to measure brain activity and a pulse oximeter to measure heart rate. A short-term 

memory test (DDSC) was administered to participants; this test was a combination of letters and 

numbers of different colors that participants were tested and scored on in a short amount of time. 

While studying the DDSC test participants were exposed to high-tempo, low-tempo, or no music. 

All music choices were classical and non-lyrical. Participants in this experiment were three 

females and three males in each listening group. The majority of participants had increased heart 

rate while reviewing the DDSC test; however, the scores were widely varied. The average 

change between resting and observed heart rate is 13. The average score on the DDSC test was 

18.44. Through EEG analysis, it was obvious that listening to music increased beta-wave 

frequency because both listening groups had increased beta-wave frequencies compared to the no 

music experimental group. However, the data collected overall had no significant trend 

throughout the study and we have realized that further investigation into short-term memory is 

necessary.  

 

Introduction 

 

Listening to music is a complicated event, affecting cardiovascular, psychological, 

neurological, and emotional changes. Students often listen to music while studying, possibly as a 

study aid. These changes can be influenced by the style of music (classical as opposed to 

gangster rap), as well as rhythm, melody, and tempo, etc (Bernardi, et al 2005). While music has 

been shown to modify cardiovascular function, the extent of modification varies with the 

individual (Ellis, Brighouse, 1952).  Studies have suggested that heart rate will increase with 

listening to high tempo music compared to low tempo music (Edworthy, Waring, 2006). 

However, other studies have found no significant change in heart rate while listening to faster 

tempo music (Schwartz, Fernall, and Plowman, 1990).   

  

A study by Rauscher and Shaw contends that listening to classical music can temporarily 

increase performance on spatial-task performances (Rauscher and Shaw, 1993). This became 

known as the “Mozart effect”, and was challenged through other studies, which suggest that the 

increases in cognitive performance were only temporary, and due to other factors like mood and 

arousal (Thompson et al 2001).  While many of these studies were inconsistent and 

indeterminate on the mechanism of increasing cognitive performance, it is clear that listening to 

Mozart can temporarily improve spatial-temporal reasoning. Many of these studies focus on 
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spatial-temporal reasoning, so our experiment focused on how musical tempo influenced short-

term memory to determine if other cognitive functions were affected.  One way that this 

connection was able to be physiologically measured was through studying the music’s effect on 

brain activity, through a comparison of beta-wave frequency during both relaxation and active 

study periods.  As beta-waves are associated with active thinking and concentration, they are a 

strong indication of brain activity during a mental task, such as the DDSC Test, and thus were 

strong candidate for examination in our EEG results.  

 

Does the use of non-lyrical background music have an effect on short-term memory?  If 

so, does higher tempo music have a stronger effect, when compared to low tempo music, on 

short-term memory improvement?  Short-term memory is defined as not causing permanent 

chemical or anatomical changes between neurons, as long-term memory does. (Bob Snyder, 

Music and Memory, 2000) We began studying this phenomenon after reading a study that 

examined the effects of background non-lyrical versus lyrical music on the recollection of digits 

(Pring, L.; Walker, J.) We hypothesize that high tempo music is able to increase heart rate and 

active brain function, measured in beta-wave frequency, which will temporarily increase short-

term memory function as compared to no music in turn. Compared to each participant’s resting 

heart rate, we expect that higher tempo music will lead to an increase in heart rate resulting in an 

even greater stimulation of brain activity compared to resting EEG recordings.  This combination 

of physiological factors will improve short-term memory function, which will be tested through 

the results of a flashcard memory test.   

 

 Materials and Methods 

 

In this study, seven participants were tested for each of our experimental groups; low 

tempo non-lyrical music, high tempo non-lyrical music, and a no-music control, for a total of 

twenty-one participants. These participants signed a consent form and were students from a 

physiology class. The results for each participant had three physiological measurements, which 

were the difference in heart rate, difference in EEG recordings, and short-term memory score on 

the DDSC test. The score of the DDSC test is a quantifiable measurement of cognitive function 

and short-term memory. 

 

The equipment used for these tests were a pulse oximeter, an EEG machine, noise-

cancelling headphones, and low tempo and high tempo non-lyrical music. Participants were 

willing college students. Each participant only took one test. One low tempo, non-lyrical song 

and one high tempo, non-lyrical song were used for those music tests. The high tempo, non-

lyrical song chosen was “The Marriage of Figaro” by Mozart. The low tempo, non-lyrical song 

chosen was “Classical Relaxation Vol. 10” by Mozart. The no music group wore the noise-

cancelling headphones to maintain a consistent environment free from noise distractions. 

 

Rationale for using a quiet room and noise-cancelling headphones: The results from 

previous research indicate that office noise with speech and office sounds had a significantly 

detrimental effect on the participant's ability to perform mental arithmetic. Performance in the 

quiet control condition was significantly better throughout than performance in the noise control 

condition. (Smith, A.; Waters, B.; Jones, H.) 
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Before participants took the DDSC test, their resting average heart rate was measured for 

30 seconds. This average was the result of the highest and lowest oximeter readings over the 

given time period. During this 30 second time period their resting EEG recordings were also 

measured. While the participant was reviewing the DDSC test, their average heart rate and EEG 

recordings were again measured. The results of these two tests were based off of the difference 

between the participant’s resting values and values during the study period. 

 

The DDSC test is a 20 flashcard flip booklet that consists of one colored letter or number 

per page. Colors, numbers, and letters were used once within the booklet. The participant was 

given two minutes to review the DDSC test before receiving a sheet to recall as much as they 

could for one minute. The memory test was scored with each page being worth two points; one 

point for color and one point for letter/number. Non-sequential or incorrect answers were not 

deducted from score.  

 

While reviewing the DDSC test participants were exposed to no background music, low 

tempo non-lyrical background music, or high tempo non-lyrical background music. The music 

was heard through noise-cancelling headphones and kept at a constant volume for all 

participants. They were not exposed to any music during the one minute recollection period. 

 

Each trial began with the participants resting average EEG and heart rate values being 

measured and recorded. Participants were then given a two minute study period to listen to their 

assigned music/no music through noise-cancelling headphones and review the DDSC test. 

During this period the EEG and pulse oximeter continued to take measurements and were 

recorded. After the two minute study period was up, the music was turned off and headphones 

removed. The participants then had one minute to write down anything they remembered from 

the DDSC test, after which the DDSC test was scored.  

 

Results 

 

See Graph 1 in appendix for Average Heart Rate Change 

Female, No Music- 20    Female, Low-Tempo- (-13)      Female, High-Tempo- 14 

Male, No Music- 23        Male, Low-Tempo- 20             Male, High-Tempo- 11 

 

Overall, the participants that listened to classical music had a smaller change in average 

heart rate than the participants who simply wore noise-cancelling headphones. This was true 

whether the participants were listening to high or low tempo music. These results are the 

alternative of what we expected to happen, and we may find that the tempo of music may not 

play a large role in increasing heart rate.  

 

See Graph 2 in appendix for Average DDSC Score 

Female, No Music- 19    Female, Low-Tempo- 15         Female, High-Tempo- 17 

Male, No Music- 21        Male, Low-Tempo- 15             Male, High-Tempo- 23  

 

We hypothesized that both musical groups would have higher average DDSC test scores 

than the non-music groups, but throughout our research, we found almost the opposite to be true. 



 

Although high tempo music listeners had a hig

Alternatively, the low tempo group had the lowest average test score. 

 

Graphs 3, 4, and 5 illustrate the trends between change in average heart rate and DDSC 

test score for each experimental group. For the

significant R
2
 value showing no linear correlation. For the low

was a more significant R
2
 value; however, there was more variation in the subjects’ change in 

average heart rate which spanned between negative and positive values. For the high

experimental group, the R
2
 value is not significant and they exhibited a negative correlation 

because the slope of the linear trendline is negative.

 

Graph 6 shows the average percent 

experimental groups. The no music experimental group showed an average decrease

wave frequency during the study period time compared to the resting period time. The low

tempo experimental group exhibite

same time periods. The high-tempo experimental group demonstrated the highest average 

increase in beta-wave frequency during these time periods. 

Our EEG results were taken from the iWorkx progr

memorization brainwave results on the following interface.

This is the resting period from which we took a 30 second average for brain wave frequency. We 

did the same for a thirty second period during the memorization pe

introduced. 

 

Discussion 

 

One problem we encountered was when we practice

was no swimcap/headband available for use. Therefore, when we tested our first subject, we used 

a headband to secure the electrodes on their head. However, the headband did not seem to make 

a significant difference on the recordings compared to the 

Although high tempo music listeners had a high average test score, so did the non

Alternatively, the low tempo group had the lowest average test score.  

illustrate the trends between change in average heart rate and DDSC 

test score for each experimental group. For the no music experimental group, there was no 

value showing no linear correlation. For the low-tempo experimental group, there 

value; however, there was more variation in the subjects’ change in 

h spanned between negative and positive values. For the high

value is not significant and they exhibited a negative correlation 

because the slope of the linear trendline is negative. 

Graph 6 shows the average percent change in beta-wave frequency for each of the 

experimental groups. The no music experimental group showed an average decrease

wave frequency during the study period time compared to the resting period time. The low

tempo experimental group exhibited a slight average increase in beta-wave frequency during the 

tempo experimental group demonstrated the highest average 

wave frequency during these time periods.  

Our EEG results were taken from the iWorkx program that displayed our resting and 

memorization brainwave results on the following interface. 

This is the resting period from which we took a 30 second average for brain wave frequency. We 

did the same for a thirty second period during the memorization period, when tempo was 

One problem we encountered was when we practiced EEG recording on 

was no swimcap/headband available for use. Therefore, when we tested our first subject, we used 

a headband to secure the electrodes on their head. However, the headband did not seem to make 

a significant difference on the recordings compared to the practice runs. To keep conditions of 
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h average test score, so did the non-music group. 

illustrate the trends between change in average heart rate and DDSC 

no music experimental group, there was no 

tempo experimental group, there 

value; however, there was more variation in the subjects’ change in 

h spanned between negative and positive values. For the high-tempo 

value is not significant and they exhibited a negative correlation 

wave frequency for each of the 

experimental groups. The no music experimental group showed an average decrease in beta-

wave frequency during the study period time compared to the resting period time. The low-

wave frequency during the 

tempo experimental group demonstrated the highest average 

am that displayed our resting and 

 
This is the resting period from which we took a 30 second average for brain wave frequency. We 

riod, when tempo was 

 

ourselves; there 

was no swimcap/headband available for use. Therefore, when we tested our first subject, we used 

a headband to secure the electrodes on their head. However, the headband did not seem to make 

practice runs. To keep conditions of 
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the experiment standardized, we decided to use the headband on all subjects tested. Also, during 

the last week of data collection when we had only four males left to test, we were informed that 

the electrodes we had been using were faulty. For the remaining four participants, we used the 

new electrodes and got significantly clearer results. Also, we chose to run one more participant 

in each experimental group to gather more usable EEG data for comparison. For the EEG data, 

we only included the seven participants who used the proper EEG electrodes.   

 

Looking back on the experiment setup, we should have added another control group 

exposed to standard classroom noise. This group would have been what students most commonly 

experience while studying and taking exams; therefore, this would have been the true control of 

the study and the no music group would have been another variable group. 

 

Our rationale for including heart rate was based on the idea of performance anxiety. A 

prime example of this is an increase in heart rate when a pop quiz is announced in class, or 

before an important sporting event or test. Although we assume that an increased heart rate 

would lead to a better score on the DDSC test, we have recognized that participants with high 

performance anxiety may do worse as a result of being nervous.  

 

An important note from our EEG recordings graph (6) is that the no music percent value 

is based only on one participant. Also the low-tempo value is the average between two 

participants’ percent values. The high-tempo value is the average between four participants’ 

percent values. From Graph 6, we see that music (whether low-tempo or high-tempo) did 

influence and increase beta-wave frequency compared to the no music experimental group. We 

originally thought that increased beta-wave frequency would lead to higher DDSC test scores; 

however, this was not the case because the low-tempo group had lower test scores than the no 

music experimental group. This suggests that increased beta-wave frequency is not the only 

determinant in regards to short-term memory recollection. 

 

In our experiment there were two females average observed heart rates were significantly 

lower than their resting heart rate. All other subjects tested up to this point had an increase in 

heart rate during the DDSC test. It was noticed that these two subjects also had a large drop in 

%02 reading on the pulse oximeter. We are attributing this observation to a pulse oximeter 

malfunction because the girl after them exhibited normal functions compared to the rest of the 

participants in the experiment.   

 

After concluding this experiment, our collected data showed no trend or pattern that we 

originally hypothesized or expected. This could be due to a variety of factors and more 

investigation is needed into short-term memory and its mechanisms before additional hypotheses 

can be made.  There are many possible variations on this experiment that could be carried out 

with additional time and resources in order to determine if a significant connection can be 

established between music and short-term memory.  For example, running tests at different times 

of the day could help to counteract effects on the testing by subjects who are overtired, hungry, 

or under the influence of caffeine.  Also, the ability to have a larger amount of test subjects 

would reduce the possibility that anomalies or data “outliers” would harm data that would 

otherwise be strongly correlated.  In addition, an investigation into music’s effect on blood flow 

into the area of the brain used during memorization, possibly using a Functional MRI, while 
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connecting this to Diffusion Tensor Imaging, which shows the important connections in regard to 

memory between the thalamus and cortex, could take our investigation even deeper.  With these 

many intriguing future experimental pathways, music and its possible connection to cognitive 

function surely will be an active subject for study in future research.    
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Appendix 

Graph 1: Average change in heart ra

groups. Shows change between resting period heart rate and heart rate during memorization 

period. Error bars represent +/- 1 SE.  

 

 

Graph 1: Average change in heart rate, measured by pulse-oximeter, between experimental 

groups. Shows change between resting period heart rate and heart rate during memorization 

1 SE.   
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oximeter, between experimental 

groups. Shows change between resting period heart rate and heart rate during memorization 



 

Graph 2: Shows average test scores for each experimental group. Colu

with an error bar representing +/-

 

Graph 3: Relationship between change in average heart rate and DDSC Test Score for the 

No Music Group 

 

 

Graph 2: Shows average test scores for each experimental group. Columns represent mean scores 

-  1 SE.   

Graph 3: Relationship between change in average heart rate and DDSC Test Score for the 
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mns represent mean scores 

 
Graph 3: Relationship between change in average heart rate and DDSC Test Score for the 



 

  

 

Graph 4: Relationship between change in average heart rate and DDSC Test Score for the 

Low-Tempo Music Group  

 

 

Graph 4: Relationship between change in average heart rate and DDSC Test Score for the 
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Graph 4: Relationship between change in average heart rate and DDSC Test Score for the 

 



 

Graph 5: Relationship between change in average heart rate and DDSC Test Score for the 

High-Tempo Music Group  

 

Graph 6: The average measured change in the

period to the memorization period

frequency between thirty-second resting period and a thirty

memorization period for each experimental group

music group had a sample size of only 1 (n=1). 

 

 

Graph 5: Relationship between change in average heart rate and DDSC Test Score for the 

measured change in the frequency of beta waves from the resting 

period to the memorization period. Columns represent percent change in mean beta wave 

econd resting period and a thirty-second portion of the 

each experimental group. Error bars represent +/-

music group had a sample size of only 1 (n=1).  
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Graph 5: Relationship between change in average heart rate and DDSC Test Score for the 

 

from the resting 

Columns represent percent change in mean beta wave 

second portion of the 

- 1 SE.  The no 


