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Introduction 

 Many musicians spend hours a day practicing their instrument for years and years of their 

lives. This practice leads to increased technical and musical skill in the instrument itself, but it is 

always interesting to ask: what other benefits does musical training have? Previous research 

shows that musicians have better pitch discrimination than non-musicians in frequency change as 

small as 0.8% and as large as 2% (Tervaniemi 2004). It is likely that the auditory system of 

musicians reacts faster in musicians than in non-musicians, so they are able to process pitches 

pre-attentively (Brattico 2001). We were interested to see if we would find similar results among 

our UCLA classmates. Furthermore, our experiment investigates not only pitch discrimination 

abilities but also how subjects do at learning to discriminate pitches. One previous research study 

found that in auditory learning, the greater the similarity between training and test tasks, the 

greater the transfer of learning (Robinson 1996). We hypothesized that practicing pitch 

discrimination on high frequencies will lead to improved performance in the discrimination of 

high frequencies as opposed to that of low frequencies. We did not expect to find any difference 

in learning results between musicians and non-musicians, but were interested to investigate the 

idea as well.   

Methods 
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 There were 13 participants from a University of California at Los Angeles psychology 

course. The students were recruited to participate in the study as part of the course and were not 

compensated for their time. The experiment itself was created in PsychoPy and it was run on 

Macintosh desktop computers with ear buds of varying brands. 

Most humans can hear frequencies roughly in the range 20Hz – 20,000Hz, and hearing is 

most sensitive in the 2,000-5,000Hz range. For the study, we chose low frequency tones in the 

range of 200-700 Hz. Specifically, we used 200Hz, 300Hz, 400Hz, 600Hz, and 700Hz. These are 

low frequencies in the audible range, but they are not extreme so that a participant might have 

difficulty hearing them. For high frequencies, we chose 12,000, 13,000, 14,000, 15,000, and 

16,000Hz. Again, the frequencies selected were high but not too high where a participant would 

have to strain to hear. The study was a discrimination study, so each of these pitches was 

presented twice with two different paired frequencies—one slightly higher, one slightly lower. A 

small pilot study was run on three individuals, and 40 cents was selected as the just noticeable 

difference where pitch discrimination ability was reasonable. 40 cents is equivalent to 4/10ths of 

a semitone in the musical scale. For example, the frequency 700Hz was paired once with the 

frequency 684Hz and once with the frequency 716Hz.  

 The experiment was a within subjects design, where every subject participated in the 

three phases of the experiment: the initial test block, the training block, and the final test block. 

The initial test block involved 60 trials; each of the 20 pairs introduced earlier appeared three 

times. The two tones were played one after the other, and subjects were asked to respond which 

tone is higher in pitch by pressing the keys “1” or “2” on the computer keyboard. The training 

block was similar except the 60 trials were high frequencies. The 10 pairs of high frequencies 

appeared 6 times each, and again participants were asked to respond which tone is higher in 
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pitch. Following their response, subjects were presented with the correct answer: a 1 or 2 on the 

screen. The final block of the experiment was a test block identical to the initial test block. At the 

end of the experiment, subjects were asked the question: “How many years of musical training 

do you have?” with the answer options 0 years, 1-2 years, 2-8 years, and 8 or more years.  

Results 

 The most notable results of the study were the correlation between musical training and 

performance on the pitch discrimination task. Each participant’s performance was taken to be the 

average of his or her d’fc scores on the initial test block and final test blocks. This represents 

how well subjects were able to separate trials where the first tone was higher and trials where the 

second tone was higher. As expected, there was a correlation between musical training and 

performance on the task. R(13) = 0.717 with a p value of .006. A graph of the results with a trend 

line has been included below. 

 

 Next, we ran an ANOVA on the change in d’ between initial and learned blocks. We 

found no significant effects of the high frequency tone practice on pitch discrimination 

performance. In fact, subjects’ d’ values decreased insignificantly in the final block. At the same 

time, participants were clearly better at discriminating the set of low tones than the set of high 

tones.  
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Finally, log B values were calculated and there was a significant effect of frequency on 

bias. F(2,13) = 6.487, p<.05. In high frequencies, participants were biased in selecting the second 

tone to be higher, and in low frequencies, participants were biased in selecting the first tone to be 

higher. These results were significant, and the graph is included below. 

 

Discussion 

 The first notable result in this study was that musicians are stronger at discriminating 

pitches than non-musicians. One possible reason for this finding is that musically trained 

students had more interest in the study, and were therefore more engaged during the experiment. 

Another reason could be that musicians truly are stronger at pitch discrimination from years of 

practicing music and listening critically. Next, we found that subjects were biased in high 

frequencies responding that the second tone is higher, and in low frequencies responding that the 
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second tone is lower. One possible reason for these findings has to do with the musical scale. In a 

major scale, there are two half steps: one between the 3rd and 4th scale degrees, and one between 

the 7th and the top note. On the 4th scale degree, which is lower in the scale, the listener 

experiences a pull down to the 3rd scale degree. This could explain why participants in the study 

were biased toward the first tone being higher in low frequencies. Similalry, on the 7th scale 

degree, which is high in the scale, the listener experiences a pull up to the top note of the scale. 

This could be why participants tend to think the second tone is higher in high frequencies.  

 Finally, the results in the learning portion of the study were contrary to the hypothesis. 

We expected participants’ pitch discrimination to improve for high frequencies after training. We 

expected pitch discrimination for low frequencies to remain constant. Instead, ability to 

discriminate decreased in the final block. This could be because participants became fatigued 

during the 15-minute experiment. High frequencies can be grueling to listen to for such a long 

period of time. In the future, it would be interesting to train people on low frequencies as well 

and compare results. It is possible that low frequencies do not cause as much fatigue. Another 

option would be to include fewer trials so participants are not overwhelmed.  

 Another limitation of the study was the difference in performance among subjects. In the 

study, we found both a floor effect and a ceiling effect. We had several subjects receive hit rates 

and correct rejection rates as low as 20%. At the same time, several subjects received near 

perfect scores >90%. Clearly, there is a great variance in pitch discrimination performance in the 

UCLA psychology course. In the future, it would be interesting to include a more robust pilot 

study to determine a good cent difference to set between frequencies. Alternatively, the class 

could be split into musicians and non-musicians, and each group could be given slightly different 
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frequencies. This would likely allow us to gain more accurate results comparing how subjects 

learned to discriminate high-frequency tones.  

Conclusion 

 The most significant results in this study were the fact that musicians are stronger at 

discriminating pitches than non-musicians. This is notable because it shows that musical training 

has benefits beyond the obvious benefit of learning to play an instrument. It appears that 

musicians are more able to listen critically and may be able to hear fine details of music better 

than non-musicians. Recently, schools including the Los Angeles Unified School District have 

been cutting music programs in public schools due to budget cuts. Perhaps with more studies like 

this one, researchers will be able to show that music education has benefits related to listening 

ability and other cognitive tasks, and should be a part of any child’s education.    
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