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[bookmark: _GoBack]The effects of listening to or having music in the background is highly relevant to both students and workers in today’s society, as they go about performing their daily academic or work-related tasks.  To investigate this, a total of 93 participants were recruited for this study (50 males and 43 females, with a mean age of 25.63), whereby they completed two tasks being word recall and reading comprehension, while exposed to vocal pop, instrumental pop and no music experimental conditions.  With the scores on these tasks as dependent variables, a significant main effect was observed for music on task performance.  Further analysis revealed that music affected only reading comprehension and not the word recall task.  There was also no significant difference between the mean scores of reading comprehension in both vocal and instrumental music conditions.
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[bookmark: _Toc496967760]Introduction
	In today’s society, music is more prevalent than ever, given the increase in its accessibility due to advances in internet coverage and mobile technology.  Some claimed that music can improve our attention and task performance (Carlson et al., 2014; Hallam et al., 2002) and some argued music is more of a distraction (Anderson & Fuller, 2010; Ransdell & Gilroy, 2001).  Thus, it is important to understand the effects of music on individual performance for certain tasks, and find out what improves or hinders one’s ability to retain and process information.  This would be helpful in adding onto the research done on music, and from there, allow people to have some insight on when and what types of music to listen to while studying or at work.    
This study aims to investigate the effects of different versions of pop music (vocal versus instrumental) on word recall and reading comprehension.  Word recall is a task commonly used by psychologists to test the verbal capacity of one’s short-term memory (STM), whereas reading comprehension is a more complex exercise which examines one’s abilities to read, process, and understand information in passages before inferring answers to the questions asked about the passages.  
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Positive Effects of Music on Task Performance 
Past research had shown that there are numerous psychological and social benefits from listening to music.  In recent decades, Mozart effect was first coined by French researcher Tomatis (1991) who claimed Mozart’s music can help people in a number of ways, such as fighting depression, improving language learning abilities, job performance, communication, and skills.  Rauscher et al (1993) conducted a study which showed that listening to Mozart’s music can improve children’s spatial reasoning skills as compared to relaxation tape and silence conditions.  Other studies have espoused the research by proving that different genres of music can enhance people’s cognitive performance, such as memory recall, mathematical skills, reading comprehension, language learning, and spatial-temporal reasoning ability, due to mood alternation (Anderson & Fuller, 2010; Hallam et al., 2002; Jaušovec et al., 2006; Lesiuk, 2005; Thompson et al., 2001). This led to the ‘formulation’ of the arousal-mood hypothesis (Husain, et al, 2002). According to the hypothesis, listening to music can modulate mood and arousal states, and in turn improve one’s cognitive performance.
In Carlson et al.’s (2004) study, slow rhythmic music together with vibrations from a vibroacoustic chair intensified a relaxing effect on the participants. The relaxation helps people to feel calm and better focus while performing cognitive task. Oldham et al. (1995) also argued that positive mood arousing effects from music can reduce boredom, boost morale, and increase job satisfaction.  In a more recent study, Lesiuk (2005) conducted a quasi-experiment on software developers. The study spanned five weeks, whereby participants had the freedom to choose music they wanted to listen to in the first three weeks while working, no music in the fourth week, and allowed to listen to music again in the last week.  Results showed that work productivity was higher in the weeks with music listening as compared to the non-music week. These studies showed that listening to music can help to improve work productivity and performance through increasing positive affect in employees.  
Aside from improving one’s mood and increasing arousal, music can have the effect of blocking out distracting noises in one’s environment as well.  Background noises can often be disrupting to one’s concentration on tasks at-hand.  Sounds like typing, paper shuffling, clattering, or background speech have been shown to be disturbing, and impaired cognitive performance (Banbury & Berry, 2005; Furnham & Strbac, 2002).  People sometimes listen to music in order to ‘block out’ distracting environmental noises (Haake, 2011).  Research has shown that using music as a positive distractor from one’s non-conducive environment can help in improving or maintaining task performance (Oldham et al., 1995; Schlittmeier & Hellbrück, 2009; Dobbs et al., 2011; Haake, 2011; Ullmann et al., 2008; Makama et al., 2010).  Dobbs et al. (2011) conducted a study investigating whether background noises would prove to be as distracting as that of music.  The results showed that there was not much difference in the task performance of participants who had undergone the music and silence conditions, whereas those in the noise condition performed the worst in all cognitive tasks.   
	In the workplace context, two groups of researchers Ullmann et al (2008) and Makama et al (2010) sought to explore the effect of playing music on staff working in the operating theaters (OT) of different hospitals.  The results from both studies revealed that staff acceptance to the notion of playing music in the OT was high, as they perceive it to be able to mask background noises, and possibly leading to better concentration and work performance.  Similarly, Haake (2011) also carried out an online survey data regarding United Kingdom (UK) office workers’ music preferences at work, amount of time spent listening to music, and their perceived functions of music.  The results showed that the participants used music to seal out the noisy office environment, enabling them to be more focused at work.   
Schlittmeier & Hellbrück (2009) conducted two experiments to find out if background music can achieve the same effects as continuous noise (pink noise), in terms of masking out distracting noises in the office. Results proved that background music is effective to mask environmental noises that help people to better focus their tasks.  This finding appears to be supported by some studies in the past, whereby the use of headsets to listen to music appeared to help block out distracting environmental noises effectively (Oldham et al., 1995).  Overall, the findings derived from research on the positive effects of music on cognitive performance suggest that certain types of music can induce positive mood and increase arousal in the individual, and help one to focus better in a noisy environment, thereby leading to better study or work outcomes.  Notwithstanding, there were also studies which found some detrimental effects, which would be discussed in the following section.   
[bookmark: _Toc496967765]Detrimental Effects of Music on Task Performance
It had also been found that listening to music in one’s environment can impair cognitive performance on tasks such as serial recall (Perham & Vizard, 2011), reading comprehension (Chou, 2010), and even practice performance of a virtual reality simulation surgery (Miskovic et al., 2008).  This could be explained using two theories: the limited capacity theory (LCT) and irrelevant sound effect (ISE). The LCT explains that one has limited attentional resources, and the ability of an individual in multi-tasking would depend on how ‘resource demanding’ of a task (Cool & Yarbrough, 1994).  If a task is a simple and familiar task, the music will not have any impact on it, but music will negatively affect one’s performance if a person encounters a difficult and unfamiliar task.  For example, Pool et al. (2003) found that studying with background media such as having the television and/or radio turned on had impaired task performance, because simultaneous cognitive activities are competing for the same pool of resources which processes information.  There were a number of studies showed that music consumes more of an individual’s limited attention resources that cause people to be more distracted, especially for high arousal music (Cassidy & Macdonald, 2007), fast and upbeat vocal hip-hop music (Chou, 2010), and fast tempo and loud music (Thompson et al., 2012). Shih et al. (2012) further compared between vocal and instrumental music to see how they would affect workers’ concentration. The results showed that vocal music actually caused more distraction than instrumental music.  Notwithstanding, a separate randomized controlled study did show that junior surgeons were distracted by music, thus causing their performance on a virtual reality simulated surgery practice to be impaired (Miskovic et al., 2008).  
	Irrelevant sound effect (ISE) describes the phenomenon whereby serial recall is negatively affected in the presence of speech and non-speech sounds, even if the items to be memorized were visually presented.  ISE occurs because the irrelevant stimuli gain unwanted access into the phonological loop of working memory during rehearsal, thus impairing an individual’s ability to encode and retain relevant information (Alley & Greene, 2008).  The presence of meaning in music lyrics can interfere one’s semantic level of processing. In Alley and Greene’s (2008) study, participants performed the worst on a digit span recall task in the irrelevant speech condition compared to vocal music condition. The effects of ISE in the forms of unattended speech and music had since been shown to adversely impact one’s performance on memory (Jones & Macken, 1993; Alley & Greene, 2008; Perham & Vizard, 2011), comprehension (Oswald et al., 2000), as well as word-processed writing (Ransdell & Gilroy, 2001).     
Aside from vocal music seemingly triggering the ISE which negatively impacts one’s task performance, instrumental music appears to have similar impairing effects as well.   According to the changing-state hypothesis, the effects of non-speech sounds could be as detrimental as that of speech on one’s cognitive performance, depending on the acoustical variation of the sounds or music one listens to (i.e noticeable changes from one segmental entity to the next).  This was first demonstrated by Jones & Macken (1993), who found that non-speech tones actually affected the serial recall ability of participants as much as that of speech-like tones.  However subsequent studies looking at the ISE in music found mixed results, with some showing that both instrumental and vocal music can affect memory tasks (Takahashi, 2006), while others found no significant effects at all (Jäncke & Sandmann, 2010).   
The ISE had also been documented in a number of studies, which showed that background noises in the office had a negative impact on one’s work performance (Banbury & Berry, 2005).  However, research seems to be scarce regarding the effects of ISE in music that could cause one to perform sub-par in their workplace.  Notwithstanding, it can still be inferred based on the types of music used in studies conducted under workplace conditions.  But the research also did not appear to find much support for ISE in music, with regards to interfering with one’s performance in the workplace.  For example, Lesiuk (2005) study had participants choosing self-preferred music (both vocal and instrumental) when doing their work, and results showed that instead of interference, it enhanced their performance instead.  Both studies conducted by Schlittmeier & Hellbrück (2009) and Furnham & Strbac (2002) also found that listening to music is better for one’s work performance than office noises.  Nonetheless, Schlittmeier & Hellbrück (2009) discovered that superimposing music onto background noises did not help in reducing the impairment on task performance.  Thus, more research would need to be conducted in this specific area. Based on the studies above, both theories of LCT and ISE appear to suggest that music which is high in information load and acoustical variation can disrupt one’s concentration, as well as affect their working memory, thereby leading to detrimental effects on studying or task performance.   

[bookmark: _Toc496967768]Present study 
[bookmark: _Toc496967769]	It appears that there were not as many studies which looked into pop music and its effects on people’s task performance.  This is surprising given that pop music is the most common genre which people normally listen to. Furthermore, the limited findings with regards to the effects pop music has on one’s task performance were largely mixed and inconclusive (Anderson & Fuller (2010; Cassidy & Macdonald, 2007; Furnham & Bradley, 1997; Furnham et al., 1999).  Pop music is defined as music which gets into the singles charts, and is designed to appeal to the masses, rather than any specific sub-culture or group.  As such, it has certain characteristics such as a consistent rhythm, mainstream style, and a simple traditional musical structure, with lyrics often focusing on themes to do with love and romance, which is alluring to most people (Frith et al., 2001). Based on above studies, this study aims to investigate how different music conditions (i.e., vocal pop music, instrumental pop music, and non-music) would affect both word recall and reading comprehension. 
Methods
Participants   
This study was that of a single blind between-subjects experimental design, comprising of one independent variable with three levels being vocal pop, instrumental pop and no music, and the dependent variables would be the scores obtained on both tasks (word recall and reading comprehension).  The selection of participants was done via convenience sampling in a private educational institution.  A total of 93 participants had volunteered for the study, and they were assigned to either one of the three experimental conditions.  The average age of participants did not seem to differ greatly across all of the experimental conditions, with those in vocal pop averaging out to be 26.60 years old, those in instrumental pop being around 21.17 years old, and those in the control group (no music) are approximately 29.03 years of age.  

Materials 
The music used in this study were eight English vocal pop songs in the first experimental condition, along with their instrumental versions in the second one.  These pop songs were at some point in time featured in the Billboard hot 100, which is the standard record chart of the music industry in America for top hit singles, published weekly by the Billboard magazine.  The songs were also upbeat in nature, with an average tempo of about 90 to 130 beats per minute.  
To investigate pop music’s effects on learning, studying and task performance, the DVs are test materials being a) three lists comprising of 15 English words each were randomly generated from an online website called https://www.randomlists.com/random-words, and b) five reading comprehension passages taken from two websites being https://www.ets.org/toefl_junior/prepare/standard_sample_questions/reading_comprehension and http://www.grammarbank.com/reading-comprehension-worksheets.html.  The scoring procedure for the tasks would be the total number of words recalled accurately in the word recall task, as well as the number of questions answered correctly in the reading comprehension task.    
Google forms was used to create the online questionnaire to capture participants’ responses for both tasks.  Microsoft Powerpoint was used as a platform to provide visual instructions regarding the experiment, as well as presenting the word lists to the participants.  Time keeping was done via the use of the clock application on the researcher’s handphone.  Also, the researcher had downloaded a program called “NIOSH SLM”, which is a sound level meter application developed by EA lab, to measure the sound level in the computer laboratory when the music is played.  This was to ensure that the sound level does not exceed that of 85 decibels, as it is the highest safety limit whereby individuals can be exposed to for up to eight hours (World Health Organization (WHO), 2015).    
    
Procedure
[bookmark: _Toc496967770]The experiments for all three music conditions were carried out in a computer laboratory located in the institution deemed to be reasonably quiet.  At the start of each experiment, participants were asked to access the link to the online questionnaire via their respective computer terminals.  Thereafter, they were given some time to read through the information sheet detailing the ethical standards of the study.  They were then asked to give their consent via the online questionnaire if they were willing to take part in the study. For the first task which is word recall, participants were requested to focus their attention to a set of powerpoint slides flashed at the front of the room.  Three word lists comprising of 15 words each were presented one at a time to the participants.  They had one minute to memorize each word list, and thereafter they had one and a half minutes to recall and type in as many words as they remembered, into the spaces provided on the online questionnaire.  For the music conditions, the songs were played in the background, during the memorizing and recalling phases.  However, there were slight pauses of the music during the transitions between each word list, as the researcher had to inform the participants verbally when their time was up for the recall portion.  After the first task, participants were then briefed about the second task, which was reading comprehension.  The participants were informed that there were five short passages, 26 questions in total and they had 10 minutes to complete as many questions as they could.  For the music conditions, the songs were played continuously in the background while the participants were doing the reading comprehension task.  At the end, a debriefing session was conducted to explain the purpose behind the study.  It was also reiterated to them that their data would remain confidential, and participants had the option to withdraw from the study before final analysis of the data.  

Results
Table 1 shows participants in the instrumental music condition performed the poorest in the word recall task, whereas those in the vocal music condition performed the worst in the reading comprehension task.  Participants in the control group scored the highest for both tasks.  

	Table 1
Mean Scores of Participants’ Performance on Both Tasks

	Type of task
	Music conditions
	Mean
	SD
	N

	Word recall
	No music
	26.83
	7.02
	30

	
	Instrumental
	23.03
	7.56
	30

	
	Vocal
	23.94
	5.89
	33

	Reading comprehension
	No music
	23.87
	2.34
	30

	
	Instrumental
	16.20
	6.13
	30

	
	Vocal
	15.97
	5.39
	33



[bookmark: _Hlk496701613]One-way MANOVA was then carried out and the results showed that there was a significant main effect of music on the tasks, F (4, 178) = 11.31; p < 0.05; Wilk's Λ = .64; partial η2 = .20. Follow-up univariate ANOVAs were conducted to find out how the DVs differed due to the effects of music. Table 2 shows music had a statistically significant effect on the reading comprehension task, (F (2, 90) = 25.47; p < 0.05; partial η2 = 0.36), but it did not have a significant effect on the word recall task, (F (2, 90) = 2.55; p > 0.05; partial η2 = 0.05).  
Table 2
Tests of Between-Subjects Effects 
	Source
	DV
	Type III Sum of Squares
	df
	Mean square
	F
	Sig.
	Partial Eta Squared

	Music conditions
	Word Recall
	237.63
	2
	118.82
	2.55
	.08
	.05

	
	Reading Comprehension
	1233.24
	2
	616.62
	25.47
	.00
	.36

	Error
	Word Recall
	4197.01
	90
	46.63
	
	
	

	
	Reading Comprehension
	2179.24
	90
	24.21
	
	
	



Thereafter, post-hoc tests with Tukey HSD method were used to ascertain which paired scores on the same task were significantly different from each other under different music conditions.  The results showed that the mean scores for reading comprehension were significantly different between no music and instrumental music, as well as between no music and vocal music, but not between instrumental and vocal music.  Mean word recall scores were not significantly different between any of the music conditions.  It appears that music does not have any effect on the word recall task, but it was detrimental to the reading comprehension task. 
Table 3
[bookmark: _Hlk496691715]Multiple Comparisons between Pairs of Scores for Both Tasks (Tukey HSD method)  
	DV
	Music conditions (I)
	Music conditions (J)
	Mean difference
(I – J)
	Std error
	Sig.

	Word recall
	No music
	Instrumental
	3.80
	1.76
	.09

	
	
	Vocal
	2.89
	1.72
	.22

	
	Instrumental
	No music
	-3.80
	1.76
	.09

	
	
	Vocal
	-.91
	1.72
	.86

	
	Vocal
	No music
	-2.89
	1.72
	.22

	
	
	Instrumental
	.91
	1.72
	.86

	Reading comprehension
	No music 
	Instrumental
	[bookmark: _Hlk496656960]7.67*
	1.27
	.00

	
	
	Vocal
	7.90*
	1.24
	.00

	
	Instrumental
	No music
	-7.67*
	1.27
	.00

	
	
	Vocal
	.23
	1.24
	.98

	

	Vocal
	No music
	-7.90*
	1.24
	.00

	
	
	Instrumental
	-.23
	1.24
	.98



[bookmark: _Toc496967771]Discussion
The purpose of this study was to investigate the effects of pop music on one’s task performance, and whether or not would there be any significant differences between its vocal and instrumental variations.  Results showed that both vocal and instrumental pop music did not have any significant effects on the word recall task, but instead negatively affected participants’ performance on the reading comprehension task.  This could be explained from a task complexity perspective, whereby word recall could be a simpler task, as one can probably memorize words at the phonological level without necessarily having to learn their meaning; whereas reading comprehension requires deeper semantic processing for one to understand the passages clearly, in order to solve the questions asked about them (Oswald et al., 2000).  Some studies had shown that word recall was not affected by music (Jäncke & Sandmann, 2010), while one’s performance on more complex tasks such as reading comprehension or word-processed writing was negatively affected (Furnham & Braddley, 1997; Ransdell & Gilroy; 2001).  
In continuation, vocal pop does not appear to have any negative effects on word recall, and was at the same level of disruption as its instrumental version on reading comprehension.  This somewhat supports the changing-state hypothesis in the ISE theory (Jones & Macken, 1993), whereby both speech and non-speech noises in music were equally capable of disrupting one’s task performance (Takahashi, 2006; Ransdell & Gilroy; 2001).  This is because both the vocal pop songs and their instrumental versions used in this study could be alike in terms of acoustical variation.  Even though the instrumental version of the pop songs did not have the additional information load of lyrics, but some pieces had a number of instruments playing in them.  Hence, this could increase the instrumental music’s complexity to the point whereby they are close to vocal music in terms of acoustical variation.  Therefore, this might explain why both vocal and instrumental pop music impaired reading comprehension to a similar extent in this study.      
Furthermore, instrumental pop music was not enhanced one’s performance for both tasks via the arousal-mood effect.  This could be because the instrumental version of the pop songs used in this study were overly arousing, and hence ended up detracting the participants’ attention from the tasks instead.  This is in line with studies which showed that music assessed to be highly arousing, negatively affected one’s task performance by taking away a large portion of their attentional resources (Thompson et al., 2012; Cassidy & Macdonald, 2007; Chou, 2010).  In fact, even classical music can impair one’s task performance if its intensity is too high, as seen in Thompson et al (2012) study, whereby participants’ reading comprehension performance suffered the most in the music condition, where Mozart’s classical piece was digitally modified to be fast in tempo and loud in volume.  On the other hand, music that is slower in tempo and less complex in structure such as legato and classical music, have been found to enhance task performance by improving one’s mood, moderately increasing arousal, as well as enabling participants to focus better by blocking out distracting noises (Hallam et al., 2002; Carlson et al., 2004; Schlittmeier & Hellbrück, 2009).  
The limitations of this study should be noted.  First, due to the constraint of time, the study didn’t capture participants’ music preference.  This is because one’s preferences could affect their attention level to the music which could in turn affect their task performance.  Hence, knowing the participants’ preferences for the music played could have made the study more robust in the process.  Second, the study could have been designed in a way such that participants can read instructions about the experiment and at the same time, listen to the music directly from their computers via headsets provided, rather than the researcher giving verbal instructions throughout the study, and playing the music from external speakers.  The proposed method might ensure that the experiments run more seamlessly, as the music would be streamed continuously to participants rather than the researcher having to pause the music every now and then, in order to give instructions during the experiment.  Also, having their own personal headsets would also reduce the chances in which participants would be distracted by noises of people or things happening around them.  
In summary, this study had found out that task complexity appears to matter as to whether one should listen to music while studying or working, whereby complex tasks were more likely to be affected by the presence of music as compared to simpler tasks.  Effects of the ISE in music seem to be equipotent in this study, as both vocal and instrumental pop music adversely affected reading comprehension to a similar degree.  The intensity of the music (i.e tempo, loudness, complexity, etc.) one listens to might be more impactful on task performance, rather than the genre itself.  Environmental factors appear to play an important role too, in determining whether or not listening to music would be detrimental or beneficial to one’s task performance.  Overall, the findings contribute to existing literature by reaffirming the changing-state hypothesis in the ISE theory, as well as having shown the importance of task complexity, music intensity and environmental factors, all of which might mediate the effects of music on one’s task performance.   
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