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Abstract 

Music is an inherently emotional feat of human creativity. Previous studies of music 

perception have followed the path of speech perception research, in which subjects were asked to 

simultaneously attend to multiple signals in an effort to determine how much information one 

could consciously perceive. While these studies have led to the development of models that seek 

to explain the role of attention in music perception, they lack external validity. Many of these 

studies have required subjects to detect errors in simultaneously played melodies. While this 

presents certain demands on attention, it does not accurately portray the way that music is 

listened to. Music is born out of a burst of emotion and inspiration, and is designed to stir such 

feelings in those who listen to it. Therefore, the present study sought to study music perception in 

a more naturalistic setting. In Experiments 1 and 2, participants listened to pieces of music. 

Participants in Experiment 1 were asked to detect changes in musical arrangement, while 

participants in Experiment 2 were asked to rate their enjoyment of the music. The results of the 

present study revealed that participants struggled to identify changes in musical arrangement. 

Changes that were more noticeable received a significantly greater mean number of emotional 

responses than changes that were less noticeable, which suggests they had a stronger impact on 

emotional responses. Further research is needed to determine whether existing models of music 

perception can be applied to more naturalistic tasks like those used in the present study. 
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Can We Hear It and Does It Matter?: 

Examining the Relationship Between Attention, Music Perception, and Emotional Responses to 

Auditory Stimuli 

When we listen to music, how many elements are we consciously aware of? More 

importantly, does this perception have any impact on our enjoyment of the music itself? Previous 

research on attention and auditory perception has found that attention is a limited quantity that 

can be selectively deployed. When Cherry (1953) presented subjects with two recordings of 

speech that were simultaneously played to the left and right ears (known as dichotomous 

listening), he found that subjects could selectively deploy their attention to one of the two signals 

and accurately repeat back the information that was contained on the recording that they were 

asked to attend to as it was heard. However, this selective attention came at a cost.  After the 

playback of the messages ended, participants were asked to report information from the 

unattended message. They were unable to identify the topic or any words it contained, and were 

even unable to accurately determine whether the language was English. Early models suggested 

that attention functioned like a filter, allowing a person to direct their attention to one signal to 

enable further processing while the other signal would be lost (Broadbent, 1958). Later research 

did not support this model, as demonstrated by Treisman (1960) in the well-known “cocktail 

party” studies where subjects were presented with two recorded messages, one for each ear, 

which then spontaneously switched to the opposite ear. Without prompting, subjects redirected 

their attention to the new ear, suggesting that they were attending to both messages on some 

level. This would suggest that in speech perception different input sources are processed 

independently, with attention determining the extent to which a source is processed. 
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 Studying musical perception provides a different challenge for researchers. Many types 

of music are polyphonic, meaning they contain multiple pitches played at once, as well as 

multivoiced, meaning they feature more than one sound source (whether that is a voice or an 

instrument). Given the popularity of polyphonic and multivoiced music over the past five 

hundred years, it would appear as though humans are able to perceive multiple musical elements 

as a holistic experience that differs from their perception of speech, where individual inputs are 

processed independently. Although, the mechanism underlying this ability remains unclear. 

 Researchers have proposed two models to account for the perception of multiple musical 

inputs. Gregory (1990) found that participants were able to perceive simultaneously played 

melodies with relative ease and suggested a “divided attention” model where inputs could be 

processed independently without the losses seen in speech perception. This was in direct 

opposition to the findings of Kahneman (1973), who utilized a shadowing methodology that was 

similar to Cherry’s (1953), but instead required participants to shadow songs as opposed to 

speech. Participants were unable to identify the song they did not shadow, mirroring the results 

of Cherry (1953). Sloboda and Edworthy (1981) found an effect for key-relatedness on the 

perception of simultaneously played melodies, where participants were able to detect 

significantly more errors when the melodies were in the same key. Sloboda and Edworthy 

suggested that some sort of integration had occurred and proposed a “figure-ground” model 

where listeners perceive one melody as the focal point and the other melody as the background. 

According to this model, attention can be directed towards a specific musical element, which 

becomes the figure or focal point, while the other elements form the background. As listeners 

direct their attention to different elements, the perceived experience of the music changes.  
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 Bigand et al. (2000) investigated these models in a study that examined whether 

participants could detect errors in familiar French nursery rhymes set to music (such as “Gentille 

alouette”) that were played at the same time. The authors found that while participants were able 

to detect nearly every melodic error when the nursery rhymes were played individually, 

performance was halved when the melodies were played simultaneously. There was a significant 

difference between the performance of musician versus non-musician participants, with 

musicians detecting more errors in both melodies. Non-musicians detected nearly the same 

average number of errors as musicians for one of the melodies, but fewer than half for the 

second. The authors suggested that the non-musician participants selectively deployed their 

attention to one of the melodies at the expense of the other, in contrast to the prediction of a 

divided attention model that participants should be able to perceive each melody (and any errors) 

individually. While musician participants did perform significantly better than non-musician 

participants, they only detected half of the errors contained within the melodies. The modest 

performance of these expert participants does not support the divided attention model, which 

predicts that all inputs are processed independently without the losses seen in speech perception. 

When the distance between keys of the melodies was increased, there was a significant increase 

in false alarms for musician participants. Bigand et al. proposed that these expert participants 

used a perceptual strategy in which they integrated the two signals, which led them to mistakenly 

believe that the dissonant intervals they perceived were melodic errors. Bigand et al. posited that 

these participants were not dividing their attention between the two melodies and instead 

developed an “integration” model for listening to multivoiced music. According to this model, 

listeners combine various musical elements into one perceptual structure, which enables the 

interaction of these different elements. This differs from the “figure-ground” model where 
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listeners will perceive one melody as the focal point and the other melody as the background. 

The effect of key distance on false alarms found by Bigand et al. lends support to their 

integration model. 

 The above studies have focused on the detection of errors in simultaneously played 

melodies. While this has led researchers to propose different models for how humans perceive 

multiple musical elements, it does not accurately represent the way that music is normally 

listened to. Music is inherently emotional, and designed to appeal to the emotions of those who 

listen to it. As such, it is not sufficient to simply study how attention interacts with the perception 

of melodic errors without also considering its effect on emotion. Recent studies have examined 

participants’ emotional reactions to music using continuous ratings and EEG measurements. 

Mikutta et al. (2012) asked participants to listen to the same piece of music twice. An EEG 

recording was taken during the first trial, and subjects performed a continuous rating task during 

the second trial. Mikutta et al. found that music induced changes in participants’ brain 

functioning in areas that are associated with emotions and arousal. Moderately strong 

correlations were found between individual subjects’ ratings of emotion and the mean rated 

emotion of all subjects, and between sound pressure and mean levels of arousal. Markovic et al. 

(2017) utilized a similar methodology and found that the context in which participants listened to 

music influenced their brain activity. When participants listened to music passively, they 

exhibited brain activity that was indicative of being in an emotionally arousing situation, which 

the authors suggested meant they were immersed in the music. When participants rated their 

emotional reactions as they listened there was a decrease in that same brain activity, which is 

often associated with completing long, boring tasks. In another listening study, Trost et al. (2015) 
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found that changes in brain activity corresponded to changes in musical features including 

timbre, rhythm, and energy. 

 I am unaware of previous studies that have examined the connection between the 

subjective rating of a piece of music and perceived changes in its musical features. Therefore, in 

the current study I have manipulated the arrangement of musical pieces to examine whether 

perceived changes in musical arrangement have an impact on subjective ratings of enjoyment. 

However, it is possible that other factors may influence rated emotional reactions to a piece of 

music. Mikutta et al. (2012) found that loudness was significantly correlated with mean levels of 

arousal, which is in accordance with the popular belief that louder stimuli are perceived as better. 

The amount of time between elemental changes in musical arrangement may also impact rated 

emotion.  Longer periods of time between transitions may result in negative emotional ratings 

due to the lack of novel stimuli capturing attention. There may also be an effect of cognitive load 

on subjective ratings of enjoyment. This potential effect might be referred to as the “Goldilocks” 

paradigm, where too few musical elements contribute to feelings of boredom and too many 

musical elements activate a sense of being distracted or overwhelmed, both of which would 

contribute to negative ratings. These additional factors were monitored to assess their potential 

impact on subjective ratings of enjoyment. In addition, I have investigated the role that attention 

plays in musical perception in a way that is closer to that of natural listening. Rather than asking 

participants to identify perceived errors, they were asked to indicate whether they heard the 

addition or subtraction of a musical element (voice and/or instrument). The cited research above 

would suggest that there is a finite amount of information that a listener can consciously 

perceive, although those studies did not manipulate musical arrangement as in the present study. 

Additionally, participants in the present study were asked to continuously rate their level of 
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enjoyment while they listened. Given the effect of task context on brain activity (Markovic et al., 

2017), I used two separate experiments. Experiment 1 assessed changes in musical features and 

Experiment 2 measured subjective ratings of enjoyment of the music. I expected to find a 

relationship between changes in instrumentation and emotional experience, where the average 

change in rated emotion was significantly greater in target epochs than in non-target epochs. I 

also expected to find an effect of cognitive load on this relationship, where the introduction of 

too many elements would lead to a decrease in enjoyment.  

Materials and Methods 

Participants 

Participants were drawn from the University of Regina Department of Psychology 

Participant Pool, the Faculty of Business Participant Pool, as well as the community. All 

participants were required to report normal hearing. This study was approved by the Research 

Ethics Board at the University of Regina. All participants gave written, informed consent and 

were informed of their right to discontinue participation at any time. Participants from the 

participant pools received one bonus credit towards their psychology or business course for their 

participation; participants from the community were not compensated. The participants were 

randomly assigned to one of two experiments. 

Stimuli 

Four musical pieces were constructed for the purposes of this study. Each piece was a 

popular song that was re-recorded and transformed to bear little resemblance to the original 

version, which was done to mitigate any familiarity effects. These songs were chosen for their 

stylistic diversity. Each song was recorded using Avid Pro Tools (Avid, Burlington, MA, United 

States) at a bit-depth of 24 and a sample rate of 48kHz. The songs were presented to participants 
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in OGG format, which was chosen based upon its compatibility with Pavlovia and PsychoPy. 

The duration of each piece ranged from 100 seconds to 256 seconds. Participants were in control 

of the playback volume. 

Procedure 

Due to external circumstances, this study was converted from its initial in-person format 

to an online format, in accordance with public health and safety measures. Participants 

volunteered for the study via the online portal that corresponded to their faculty, or responded to 

a request posted in a Facebook group for employees of a local restaurant. Upon volunteering for 

the study, participants were randomly assigned to Experiment 1 or Experiment 2. Participants 

then received an email containing a link that allowed them to access the study online, as well as a 

participant number that they were required to enter when prompted. Participants were informed 

that the present study required a computer and headphones. The experiment webpage contained 

instructions that informed the participants how to advance to the next musical piece once the 

current one had concluded, as well as instructions that pertained to the experiment that they had 

been randomly assigned to. Participants were required to respond to the prompts of their 

assigned experiment using their mouse or trackpad. Participants simultaneously listened and 

responded accordingly in both experiments. All four musical pieces were divided into 1500 

millisecond epochs. Epochs that featured a change in instrumentation were considered “target 

epochs” and epochs that did not feature a change in instrumentation were considered “non-target 

epochs”. There were 67 target epochs in total across all four musical pieces. Song 1 featured 17 

target epochs, song 2 featured 9 target epochs, song 3 featured 20 targets, and song 4 featured 21 

targets. All participants also completed a brief questionnaire assessing musicianship. 
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 Two experiments were carried out. Subjects in both experiments listened to the four 

musical pieces in a counterbalanced order. Participants were in control of the amount of time 

between each piece of music, which provided them with the opportunity to relax between trials. 

In Experiment 1, participants were asked to identify at which point(s) they believed that musical 

elements (instruments and/or voices) had been added or removed from the songs. Using the 

pointer, they were required to click on a button in the centre of the screen to indicate that they 

believed that an element had been introduced or removed. However, clicks outside of this button 

were also recorded to account for individual differences in computing experience. Target epochs 

occurred upon the introduction or elimination of a musical element, in which participants had 

1500 milliseconds to correctly indicate their response. Participants were not required to name the 

musical elements.  

 In Experiment 2, participants were asked to indicate changes in their enjoyment of the 

songs. Using the cursor, they were required to click a box in the top half of the screen to indicate 

greater enjoyment and click a box in the bottom half of the screen to indicate lesser enjoyment. 

Ratings of enjoyment were assessed using arbitrary “emotional units” which were centred at 

zero. Clicking the top box resulted in a positive “emotional unit” value of +1, which indicated 

greater enjoyment, while clicking the bottom box resulted in a negative “emotional unit” value of 

-1 and demonstrated lesser enjoyment. Changes in enjoyment were also measured within the 

target and non-target epochs described earlier. All participants were in control of the playback 

volume throughout the experiment. 
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Recording 

Data were recorded using a purpose-built program created in PsychoPy using the Python 

language. This program was then modified into an online version that was compatible with 

Pavlovia servers. The program monitored the indicated changes in musical arrangement for 

Experiment 1 and ratings of enjoyment for Experiment 2. These data were collected from the 

epochs and time-stamped to align with the playback of each musical piece. The author of the 

experiment arranged the musical pieces that were used in the present study and provided 

information about the number of changes in musical arrangement that occurred in each piece, the 

name and number of elements at each target epoch, and the time-stamp of each epoch. Two 

raters independently identified the target epochs while listening to the musical pieces via the 

purpose-built program. The time points at which the program recorded the raters’ responses were 

then cross-referenced with the original multi-track files of each song, and any discrepancies 

between the two were resolved through discussion and mutual agreement. This was done to 

ensure that the program was correctly recording responses that occurred in known target epochs. 

Results 

Experiment 1 

 68 participants were randomly assigned to Experiment 1. After removing incomplete 

data, 30 complete data sets remained1. Years of formal music education ranged from none to 

greater than three years, with no formal music education as the most common response (56.67% 

of participants). Number of instruments played ranged from 0 to greater than 3, although only 

                                                
1 Some participants reported technical difficulties regarding the loading and playback of the 
audio files associated with the present study. In light of this information, we made the decision to 
remove all data from any subjects we had reason to doubt actually heard all four songs. This 
resulted in the loss of multiple data sets that lacked responses for one or more of the songs, 
which we chose to interpret as an indication that the song(s) had not been heard.  
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one participant indicated that they played this many instruments, with no instruments played as 

the modal response (60% of participants). Average time per day spent listening to music featured 

the greatest variability. Responses ranged from less than one hour to greater than three hours, 

with one hour per day spent listening to music as the modal response (26.67% of participants). 

Among the 67 target epochs (referred to as transitions), none were identified by more than 50% 

of participants. The percentage of participants who correctly identified a transition ranged from 

3.33% at the lower boundary to 50.0% at the upper boundary, for a median percentage of 

23.33%. Using this median as a means of dividing “highly noticed transitions” from “not highly 

noticed transitions”, there were 34 “highly noticed transitions”, or transitions that were detected 

by more than 23.33% of participants. The remaining 33 transitions were deemed “not highly 

noticed” as they were not identified by more than 23.33% of participants. This distinction 

between “highly noticed” and “not highly noticed” will be revisited in the analysis of Experiment 

2. Participants in Experiment 1 successfully identified 24.62% of the 67 transitions contained 

across all four musical pieces. Additionally, 29.29% of their responses occurred within a target 

epoch.  

Experiment 2 

 70 participants were randomly assigned to Experiment 2. After removing incomplete 

data, 34 complete data sets remained. Years of formal music education ranged from none to 

greater than three years, with no formal music education as the most common response (70.59% 

of participants). Number of instruments played ranged from 0 to 3, with no instruments played as 

the modal response (58.82% of participants). Average time per day spent listening to music again 

featured the greatest variability. Responses ranged from less than one hour to greater than three 
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hours, with one hour per day spent listening to music as the modal response (35.29% of 

participants).  

The percentage of participants that indicated a rating change during each transition 

ranged from 0% at the lower boundary, to 32.35% at the upper boundary. Rating changes were 

indicated in 11.59% of the 67 transitions across all four songs. 16.25% of rating changes 

occurred at a transition. A paired samples t-test of the difference between the mean number of 

rating changes that occurred in “not highly noticed” (M= 2.5 rating changes) and “highly 

noticed” (M=3.68) transitions (as determined in Experiment 1) was significant, t(33) = 2.713, p = 

0.011, which suggests that transitions which were more noticeable to participants in Experiment 

1 had a stronger impact on the emotional reactions of participants in Experiment 2. Analyzing 

the amount of time between transitions and the average emotion rating at each transition 

produced a negative correlation, r(32) = -0.167, p=.35. While not significant, this correlation 

was in the expected direction as it was hypothesized that participants would become disinterested 

if there were long periods that lacked changes. An independent samples t-test was carried out to 

compare the mean proportion of responses that occurred at transitions in Experiment 1 and 2. 

More responses were made at transitions in Experiment 1 (M=.29) than in Experiment 2 

(M=.16), t(62) = 3.649, p <0.001. This would imply that task context did influence participants’ 

response patterns.  

The number of rating changes was negatively correlated with loudness and the number of 

elements at each transition, and positively correlated with the percentage of transitions noticed 

(Figure 1). A multiple regression analysis using the loudness value at each transition, the time 

between transitions, the number of elements at each transition, and the percentage of transitions 

noticed as independent variables, was carried out with the number of ratings made at each 
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transition as the dependent variable (Figure 2). The overall model was significant, R2 = .392, F(4, 

62) = 10.001, p < 0.001. The percentage of transitions noticed and the number of rating changes 

was a significant predictor in the model, β = .537 t(66) = 4.633, p < 0.001. Additionally, this 

predictor accounted for significant unique variance in the dependent variable, as indicated by a 

significant part correlation between the percentage of transitions noticed and number of ratings, 

r = 0.459, p < .001. Neither of the remaining predictors accounted for significant variance. This 

suggests that, of the above variables, only the percentage of transitions noticed contributed to the 

variance contained within the number of ratings at transitions. Therefore, transitions that were 

more likely to be noticed were associated with a higher number of rating changes than transitions 

that were less likely to be noticed. There were a number of significant correlations among the 

predictors tested in this model. Loudness was negatively correlated with the percentage of 

transitions noticed and positively correlated with the number of elements at each transition. The 

time between transitions was negatively correlated with the number of elements at each 

transition. The percentage of transitions that were noticed was negatively correlated with the 

number of elements at each transition. These correlations suggest considerable redundancy 

amongst the predictors contained within the model. 

Discussion 

 The results of the current study support the initial research hypotheses. Participants in 

Experiment 1 struggled to correctly identify changes in musical arrangement, with no single 

transition identified by more than half of the participants and only one quarter of all transitions 

detected by participants. Participants in the present study were explicitly instructed to listen for 

changes in musical arrangement, and still missed 75% of them. It is reasonable to assume that 

listeners are even less likely to detect these types of changes when they are not primed to attend 
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to them, which has implications for real-world listening scenarios. Given this modest 

performance, it was necessary to re-classify the data to enable further analysis. Using the median 

proportion of participants who identified transitions as a benchmark facilitated a binary coding of 

the data, into “highly noticed” and “not highly noticed” transitions. This enabled the 

investigation of the second hypothesis, by analyzing the data from Experiment 2. A paired-

samples t-test demonstrated that the mean number of emotional ratings made in transitions that 

were “highly noticeable” was significantly higher than the mean number of ratings made in “not 

highly noticeable” transitions. Multiple regression analysis supported this finding, demonstrating 

that, of the included variables, the percentage of transitions noticed was the only variable that 

influenced the number of ratings at transitions. This would support the second hypothesis that 

changes in musical arrangement play a significant role in an individual’s emotional reaction to 

the music. While these findings do not include any neurophysiological data, they are in the 

expected direction based upon previous research. Trost et al. (2015) found that changes in 

musical features were associated with changes in brain activity, and Mikutta et al. (2012) found 

that music induced changes in brain regions associated with emotion. Taken together, these 

findings could explain how changes in musical arrangement are related to emotional reactions to 

music. 

It is worth noting that changes in loudness were not associated with changes in rated 

emotion, which is not what one would predict given the “louder-is-better” paradigm that exists in 

popular media including music, movies, and advertising. These findings also contrast with those 

of Mikutta et al. (2012) who found a moderately strong correlation between loudness and mean 

levels of arousal. This difference may be due to the different aspects of emotion that were 

assessed in the respective studies, because emotion is a complex class of events that still lacks a 
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widely agreed-upon definition. Russell and Barrett (1999) defined two distinct categories of 

emotion, prototypical emotional episodes and core affect. According to Russell and Barrett, 

prototypical emotional episodes, such as running from a wild animal, are often deemed the most 

obvious instances of emotion. These episodes feature a collection of related events that are 

directed towards a specific object, which can be a person, condition, or thing. Those related 

events include behaviour toward the object, attention toward and appraisal of the object, the 

experience of having a specific emotion, the physiological underpinnings of these events, and 

core affect, which Russell and Barrett define as the most basic conscious affective feeling that 

does not have a target, such as a general feeling of happiness or tension. The emotional rating 

task employed within the present study is similar to Russell and Barrett’s concept of a 

prototypical emotional episode, as participants were required to attend to and appraise the music 

using a specific behaviour, which required them to acknowledge the emotion they were 

experiencing in relation to the music. Conversely, the measure of arousal utilized in the study by 

Mikutta et al. is similar to core affect, which does not need to be directed, although it can 

become directed, particularly if there is attention-capturing stimuli such as a loud passage of 

music. These differences may explain the disparity between the findings from the present study 

and those of Mikutta et al. 

The current findings strengthen the role that changes in musical arrangement play in 

emotional responses to music perception. The non-significant negative correlation found 

between the amount of time between changes in arrangement and average rated emotion was in 

the predicted direction, as it was hypothesized that as the amount of time without a change in 

arrangement increased, participants’ interest and enjoyment would decrease. While this 

correlation was not significant, it is worthy of further study. A future study could treat the 



CAN WE HEAR IT AND DOES IT MATTER? 

 

17 

number or timing of transitions as the independent variable, to investigate whether a critical 

period exists in which a lack of novel stimuli produces a negative emotional response. The 

negative correlations between the number of elements and the number of rating changes, and the 

number of elements and the percentage of transitions noticed suggest an effect of cognitive load, 

which is in accordance with the initial hypothesis. Transitions with fewer elements were more 

likely to be noticed, which could be due to a finite amount of processing power available for 

music perception. If there is a limit to the number of individual musical elements that can be 

perceived at a given instance, any additional elements would be missed. Future research could 

examine whether this ceiling does exist and if so, attempt to locate its exact position. Transitions 

with fewer elements also received a greater number of rating changes, which may also be 

explained by the effect of cognitive load. If there is a limit to the number of musical elements 

that can be perceived, additional elements beyond this limit would be unlikely to impact 

emotional reactions. Conversely, if the number of elements is below this limit, such elements 

may possess additional emotional gravity, because they are able to receive sufficient processing 

which facilitates their emotional potentiality. For example, the addition of a string quartet might 

be especially poignant in the context of a piece of music that contains only a piano and a voice, 

because each element would be more easily perceived than if the quartet was added to a piece of 

music that already contained twenty different elements. 

Musical experience did not appear to be related to performance in Experiment 1 or 

ratings of emotion in Experiment 2, which would suggest that the phenomena under study are not 

unique to an exceptional ability or to a specific subset of people, and speaks to the intuitive 

emotional appeal that music holds. This differs from the significant difference in performance 

that Bigand et al. (2000) found between musicians and non-musicians. However, in that study, 
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participants were required to detect errors in simultaneously played melodies. The naturalistic 

design of the present study may have contributed to this difference, with participants simply 

asked to listen for changes or rate their emotional reaction to the music, neither of which were 

believed to require specialized knowledge. Contrary to Bigand et al., this would suggest that 

participants with greater musical experience were not utilizing a different model of perception 

than those who lacked musical experience. Although, it is worth noting that the participants that 

Bigand et al. classified as musicians had a minimum of ten years of extensive training. This 

discrepancy was much larger than the one found in the present study. It is therefore possible that 

there is an effect of musicianship on performance, however none of the participants in the current 

study possessed sufficient musicianship to demonstrate that effect. Further studies that utilize a 

sample of participants with similar levels of expertise as seen in Bigand et al. could investigate 

the potential impact of high-level musicianship on performance.  

While it is reasonable to hypothesize that individuals with more extensive musical 

backgrounds, particularly in composition and recording, would perform better on a detection task 

like that used in Experiment 1, the relationship between musicianship and emotional reactions is 

not yet clear. Mikutta et al. (2012) found a positive correlation between mean levels of arousal 

and hours of music practice, which they suggested implied a greater responsiveness to musical 

stimuli amongst musicians. Mikutta et al. hypothesized that this responsiveness was due to 

musicians’ heightened ability to separate simultaneous sounds, although this responsiveness 

could also be attributed to musicians possessing a greater interest in music in general. 

Furthermore, it is worth noting that participants in that study were not required to separate and/or 

identify characteristics of the sounds they were listening to. Mikutta et al.’s hypothesis has 

important implications for the figure-ground model proposed by Sloboda and Edworthy (1981). 
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According to this model, listeners can deploy their attention towards individual elements within a 

collection of sounds, with the focal point of that attention becoming the figure and the remaining 

elements forming the background. As one shifts their attention, their experience of the music 

changes, which has implications for the interaction between expertise and emotional reactions. If 

expert musicians were to perform better on a detection task, this would suggest that they have a 

greater ability to deploy their attention to different sounds within a complete piece of music (as 

hypothesized by Mikutta et al.), which enables them to notice when a given element is added or 

removed. If this were true, under the figure-ground model their experience of the music would be 

constantly changing, with each detected transition resulting in a change of the figure-ground 

relationship. It is unclear how this would interact with their emotional reactions to the music. It is 

possible that this attention to detail would come at the cost of the larger picture, much as a chef 

might become preoccupied with one ingredient and lose sight of the entire dish. However, this 

heightened perceptual ability could also increase emotional responses, because the expert listener 

would be aware of each change and understand the reasoning behind them, much as a fellow 

writer appreciates aspects of a work that are not available to those who lack the same tools 

acquired through experience. 

The significant difference in the number of responses that occurred at transitions across 

Experiments 1 and 2 suggests an effect of task context found in previous research by Jäncke, 

Mirzazade, and Shah (1999), Jäncke, Leipold, and Burkhard (2018) and Markovic et al. (2017). 

When participants were instructed to detect changes in musical elements, they were more likely 

to click during transitions than participants who were instructed to rate their emotional reaction 

to the song (which featured no mention of changes in musical arrangement). In a study of 

attention and auditory processing, Jäncke et al. (1999) required participants to listen to 



CAN WE HEAR IT AND DOES IT MATTER? 

 

20 

consonant-vowel syllables under three different conditions, ignore, attend (requiring attentive 

listening), and detect (requiring the detection of a target syllable). Jäncke et al. found significant 

differences in brain activation (specifically the primary and secondary auditory cortices) across 

conditions, with the greatest activation occurring in the detect condition, followed by the attend 

condition. Extrapolating those results to the present study, participants in Experiment 1 may have 

experienced levels of brain activation similar to those in the detect condition of Jäncke et al., 

while the brain activation of participants in Experiment 2 may have been similar to those in the 

attend condition. This is eloquently summarized by Jäncke et al. (2018), who found that the 

direction of attention could induce completely different patterns of brain activation when 

listening to the same piece of music. Further research is needed to determine whether the 

neurophysiological differences between attend and detect conditions that Jäncke et al. (1999) 

found for speech also apply to music perception. This research could be coupled with that 

investigating potential differences between expert musicians and non-musicians, to determine 

whether different levels of experience are associated with different levels of brain activation, and 

whether these underlie differences in the detection of arrangement changes and emotional 

responding. 

There are a number of limitations to address. Due to external circumstances, the present 

study was converted from an in-person format to an online format. As a result, there were 

multiple variables outside of experimental control. While participants were informed that the 

study required a computer and headphones, there was no way to monitor adherence to these 

guidelines. Beta-testing of the experimental program revealed that wireless mice and trackpads 

impaired performance (due to the latency associated with such devices). Given this preliminary 

finding, it is not possible to know whether participants utilized devices of this nature, or if they 
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used smartphones or tablets. Furthermore, it is not known whether this contributed to their 

performance (particularly the poor detection performance seen in Experiment 1). The present 

study required critical listening and was designed around the participant’s use of headphones. 

However, it is not known whether participants complied with this instruction. This too could 

have contributed to their performance. Additionally, external distractors could not be controlled 

for and may have also contributed to participants’ performance. It is also not known how many 

participants did not understand the instructions, and/or did not seriously participate in the present 

study. Despite randomly assigning 138 participants to Experiment 1 or 2, only 64 complete data 

sets were obtained. The remainder were discarded because they contained missing values for one 

or more entire songs, which impairs the generalizability of the current findings. 

Potential Implications 

 The present study sought to provide additional evidence to adjudicate among existing 

models of music perception. The divided attention model suggests that all inputs are processed 

independently without the losses seen in speech perception. This should have enabled 

participants to accurately detect changes in instrumentation, because they were able to perceive 

and process each musical element as it was introduced and/or removed. If the divided attention 

model was correct, participants should have displayed high detection accuracy rates in 

Experiment 1. However, these data do not support this model or its prediction, as participants in 

Experiment 1 struggled to identify changes in musical arrangement.  

This study was designed to provide insight on attention and music perception in a more 

naturalistic setting. Previous studies have required participants to detect errors, which lacks 

external validity. By asking participants to listen to music and either identify changes in elements 

or rate their emotional experience, the present study investigated music perception in a manner 
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that is much closer to the purpose of polyphonic and multivoiced music, which is to convey 

emotion. The results of Experiment 2 demonstrated that changes in musical arrangement are 

associated with changes in the emotional experience of music, and that these changes in emotion 

were not due to changes in volume, as has been widely believed. This study also aimed to 

investigate whether conscious perception of auditory information was related to subjective levels 

of enjoyment. There have been studies examining implicit processing and the subjective 

threshold of awareness in visual perception (Cheesman & Merikle, 1984; Marcel, 1983), 

although similar studies in the field of music perception have not been conducted. The present 

study found that changes in musical elements that were noticed by more than one quarter of 

participants were associated with significantly more changes in ratings of emotional reactions. 

This would suggest that emotional processing occurs for stimuli that are presented above the 

subjective threshold of awareness for auditory perception. However, given the limitations 

addressed, further research is required to determine whether detection accuracy under stronger 

experimental conditions is as poor as that seen in the present study. 
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Appendix A

 

Figure 1. Correlation table for the predictors utilized in the multiple regression model 

 
 
 
 
 
 
 
 

 
 
Figure 2. Multiple regression analysis of the data from Experiments 1 and 2 
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Appendix B 

Musicianship Questionnaire 

1. Years of formal music training (please indicate below) 

 
 
______________________________________________________________________________ 
 
 
2. Number of instruments you play 
 
 

 
 
 

   0        1         2          3          >4 
 
 
3. Hours per day spent listening to music 
 
 

 
 
 

   ≤1       1         2          3          >3 
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Appendix C 

Debriefing Form 
 

Can We Hear It and Does It Matter?: 
Examining the Relationship Between Attention, Music Perception, and Emotional 

Responses to Auditory Stimuli 
 
 
Studies suggest that music perception is unique from other domains of auditory perception such 
as speech, and that people process simultaneous signals of music in a specialized manner. There 
have been multiple models proposed to explain the role that attention plays in music perception. 
However, they were derived from experiments that did not reflect the way that people normally 
listen to music. Therefore the purpose of this study is to discover whether people are able to 
accurately detect changes in musical arrangement, and whether those changes have an impact on 
the listener’s enjoyment of the music. In this study you were randomly assigned to one of two 
experiments. If you were assigned to Experiment 1, you were asked to listen to music and 
indicate when you believed that a musical element was either added or subtracted. If you were 
assigned to Experiment 2, you were asked to listen to music and rate your enjoyment of the 
music. The data collected in this study will contribute to our understanding of attention and 
music perception.    
 
 
We ask that you please refrain from sharing details of the study with others until the data 
collection is complete. We want to ensure that each participant has the same experience and does 
not begin the study with a biased prior knowledge. Thank you for your cooperation.    
 
 
Thank you for participating in this study! Your contribution will help us to better understand 
music perception and attention. If you would like to learn more about music perception and the 
models associated with it, see the paper by Bigand et al. (2000) titled “Divided attention in 
music.” This paper is available online at doi.org/10.1080/002075900750047987 and can be 
found through the University of Regina library.  
 
 
If you have any questions regarding this study please contact the researcher, Madison Nicol, at 
nicol20m@uregina.ca or the project supervisor, Dr. Chris Oriet, at chris.oriet@uregina.ca. The 
Honours thesis including this data will be available by searching for author Madison Nicol in the 
oURspace data base: https://ourspace.uregina.ca/ on or after April 30th, 2020. 
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Appendix D 

[University of Regina, Faculty of Arts, Department of 
Psychology] Participant Consent Form  

 
   
Project Title: Can we hear it, and does it matter?: Examining the relationship between attention, 
music perception, and emotional responses to auditory stimuli.     
 
Researcher(s): Madison Nicol, Undergraduate student, Department of Psychology, University of Regina, 
306-531-8104, nicol20m@uregina.ca 
 
Supervisor: Dr. Chris Oriet, Department of Psychology, 306-585-4193, chris.oriet@uregina.ca 
 
Purpose(s) and Objective(s) of the Research: 

• Through this study we hope to better understand the role that attention plays in the perception of 
complex auditory stimuli like music, and whether there is an interaction between the perception of 
changes in auditory stimuli and the emotional response to the stimuli. 

• The data collected in this study will be used as part of the researcher’s Honours thesis, and will be 
included in presentations that the researcher will give at future academic conferences. We hope to 
publish our findings in an academic journal. 

 
Procedures: 

• As part of this study, you will listen to a series of songs with a pair of headphones, and you 
will have full control over the playback volume. You will be seated in front of a computer 
that you will use to record the responses that correspond to your assigned group (see 
below). 

• If you are assigned to Experiment 1, you will be asked to identify any time at which you 
believe musical elements (instruments, voices) have been introduced and/or removed from 
the song(s). You will record this response by clicking on the corresponding button on the 
computer screen. You will not be required to name the elements that you believe have 
changed.  

• If you are assigned to Experiment 2, you will be asked to continuously rate your enjoyment 
of the song(s). You will record this response by moving the computer cursor upwards 
(towards the top of the screen) if you are enjoying the song, and downwards (towards the 
bottom of the screen) if you are not enjoying the song. You will not have to provide an 
explanation for your level(s) of enjoyment of the music. 

• This experiment will take place in our lab, and should take no more than thirty (30) minutes 
of your time. 

• You will also be asked to complete a brief questionnaire on musicianship (via pencil-and-
paper). 

• Please feel free to ask any questions regarding the procedures and goals of the study or your role. 
 
Funded by: N/A 
 
Potential Risks: There are no known or anticipated risks to you by participating in this research. 
 
Compensation: You will receive one bonus point towards any 100 or 200-level psychology course 
that you are enrolled in for the current semester (Winter 2020). 
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Confidentiality: 
• The data that we will be collecting from you will be anonymous. The responses you will report 

via the computer will be attached to an arbitrarily chosen participant number that will not be 
linked to you. Additionally, we will not be asking you for any information that could be used to 
identify you. This consent form, once signed, will be stored separately from your data in a locked 
filing cabinet in a locked research lab (RI 115). 

• This anonymous data may be shared with other researchers through the Open Science 
Foundation website in keeping with guidelines for the sharing and reuse of data specified by 
Canada’s research tri-council. 

 
Right to Withdraw:   

• Your participation is voluntary and you do not need to answer any questions that you are 
uncomfortable with.  You may withdraw from the research project for any reason, at any time 
without explanation or penalty of any sort. 

• Whether you choose to participate or not will have no effect on your position as a student at the 
University of Regina. 

• Should you wish to withdraw, please notify the researcher. Once you have done so, we will end 
the experiment at which point you will be free to leave the lab. Your data may still be used unless 
you request to withdraw it. 

• Your right to withdraw data from the study will apply until you leave the lab. After that time, it 
will not be possible for us to identify which data you contributed to the study because it will be 
aggregated with the data from other participants. 

 
 
Follow up: 

• The Honours thesis including this data will be available by searching for author Madison Nicol in 
the oURspace database: https://ourspace.uregina.ca/ on or after April 30th, 2020. 

 
Questions or Concerns: 

• Contact the researcher(s) using the information at the top of page 1; 
• This project has been approved on ethical grounds by the UofR Research Ethics Board on 

(February 1, 2020).  Any questions regarding your rights as a participant may be addressed to the 
committee at (306-585-4775 or research.ethics@uregina.ca).  Out of town participants may call 
collect. 

 
Consent: 
 
Your signature below indicates that you have read and understand the description provided; I have had an 
opportunity to ask questions and my/our questions have been answered. I consent to participate in the 
research project. A copy of this Consent Form has been given to me for my records. 
 

     

Name of Participant  Signature  Date 

 
 
______________________________      _______________________ 
Researcher’s Signature   Date 
 

A copy of this consent will be left with you, and a copy will be taken by the researcher. 
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Appendix E 

REB Certificate of Approval 

 

 

 

 
Please send all correspondence to: Research Office 
 University of Regina 
 Research and Innovation Centre 109 
                                                                                             Regina, SK S4S 0A2 
 Telephone: (306) 585-4775 Fax: (306) 585-4893 
 research.ethics@uregina.ca 
 

 
 
PRINCIPAL INVESTIGATOR DEPARTMENT REB#  
Madison Nicol Department of Psychology 2020-020 
 
SUPERVISOR 
Dr. Christopher Oriet      
   
TITLE   
Can We Hear It and Does It Matter?: Examining the Relationship Between Attention, Music Perception, and Emotional 
Responses to Auditory Stimuli 
 
APPROVED ON RENEWAL DATE 
March 23, 2020 March 23, 2021    
 
APPROVAL OF 
Application for Behavioural Research Ethics Review Consent Form 
Musicianship Questionnaire    Debriefing Form 
 
 
Full Board Meeting   Delegated Review   
 

The University of Regina Research Ethics Board has reviewed the above-named research project. The proposal was  
found to be acceptable on ethical grounds.  The principal investigator has the responsibility for any other administrative 
or regulatory approvals that may pertain to this research project, and for ensuring that the authorized research is carried 
out according to the conditions outlined in the original protocol submitted for ethics review. This Certificate of Approval 
is valid for the above time period provided there is no change in experimental protocol, or related documents. 
 
Any significant changes to your proposed method, procedures or related documents should be reported to 
the Chair for Research Ethics Board consideration in advance of its implementation. 
 
ONGOING REVIEW REQUIREMENTS 
In order to receive annual renewal, a status report must be submitted to the REB Chair for Board consideration within  
one month of the current expiry date each year the study remains open, and upon study completion.  Please refer to  
the following website for the renewal and closure forms:   
https://www.uregina.ca/research/for-faculty-staff/ethics-compliance/human/ethicsforms.html  
 
 

 
Chris Street PhD 
REB Chair 
University of Regina 
 

Research Ethics Board 
Certificate of Approval 


