Abstract

The current results of investigations in which the association between musical training and cognitive abilities was tested show that musically naïve subjects achieved different results in cognitive tests than people with musical training (Schellenberg, 2004). At the same time reports present data showing that brief exposure to music is insufficient and more formal lessons in music are required in order to positively influence nonmusical domains (Hetland, 2000b; Schellenberg, 2004). The present investigation tested the cognitive abilities of a large sample of participants (643) who habitually listen, (or not), to music while studying, and those with and without musical experience, (such as attending music school or playing a musical instrument). The study revealed that people who habitually listen to music achieved higher results in cognitive tasks than people who do not listen to music while studying. The results also showed that people without musical experience scored more highly than people who have musical experience.
Music influence on human cognition can be analyzed on at least two levels: exposure to music for brief periods of time and the long-term effects for example of taking music lessons.

Hetland, (2000a), asked whether listening to music for brief periods did really temporarily enhance performance in spatial tasks. In 1993, the Mozart Effect was reported in Nature by Raucher, Shaw and Ky (1993). The Mozart Effect was observed for the first time when 36 students, divided into two groups, were asked to perform the Paper Folding (PF) and Cutting (C) tasks from the Standford-Binet Scale (Rauscher et al., 1993). The difference between these two groups was that 10 minutes before performing the task the control group was asked to relax and then complete the task, whereas the other group listened to Mozart’s Piano Sonata (Allegro con spirito) for Two Pianos in D major, K. 448 and then completed the task. Students listening to Mozart’s music, on average, scored 8 points higher than the control group. Rauscher et al. (1995) confirmed these results in a larger number group of students: 79 people performed the PF and C tasks and, as before, the group listening to Mozart music achieved higher results. 
This finding was followed by other investigation to verify Mozart’s positive influence. Rideout and collaborators (Rideaout & Laubach, 1996; Rideout & Taylor, 1997; Rideout, Dougherty & Wernert, 1998) conducted a number of investigations and the majority of them seemed to confirm the effect. However, they showed that other types of music can have a similar positive effect (Rideout, Dougherty & Wernert, 1998). Surprisingly in one of their studies, music was shown to have a negative effect (Rideout & Taylor, 1997). Studies that used different types of tasks, like the Raven Advanced Progressive Matrices, failed to observe any improvement in performance following exposure to Mozart’s music (Newman et al., 1995; Stough et al., 1994). Such contradictions indicate that the effect may be limited to a special group of spatial abilities (Bauman & Coutu, 2000) or that some other factors, in addition to music and task type, are involved. 
In a meta-analysis of 16 studies, Chabris (1999) showed that the effect was less than what would have arisen by chance. This demonstrated that any cognitive enhancement due to  listening to Mozart is small and did not reflect any change in IQ or reasoning ability in general. The analyzed tasks can be divided into two categories: abstract reasoning (Raven’s Advanced Progressive Matrices, Stanford–Binet matrices, backwards digit span) and spatial–temporal processing (Paper Folding and Cutting, Revised Minnesota Paper Form Board). The Mozart Effect for abstract reasoning was not significant, whereas the average results were 2.1 IQ points higher for spatial–temporal processing. Therefore it can be assumed that exposure to ten minutes of Mozart’s music does not enhance general intelligence or reasoning, although it seems to cause a small improvement of the ability to transform visual images.

Even though not all of the experimental results confirmed that music had positive influence there were several cases where music had a strong positive effect. This positive effect can be explained by the fact that cognitive arousal in the right hemisphere, caused for example by listening to music, (Heller & Nitschke, 1997, Robertson, Mattingley, Rorden & Driver, 1998) enhances process like the complex visual transformation involved in three-dimensional mental rotation or similar difficult spatial tasks, (such as paper folding and cutting), which are associated with the function of the right cerebral hemisphere (Ditunno & Mann, 1990). To support this explanation Nantais and Schellenberg (1999) showed that listening either to Mozart or to a passage from a Stephen King story enhanced subjects’ performance in paper folding and cutting, but on the condition that the participants enjoyed what they heard. Another investigation showed that 8,120 British schoolchildren performed better in response to (presumably enjoyable) popular music than to Mozart’s music (Hallam cited in Chabris 1999). Moreover, in a meta-analysis of eight comparisons with 201 subjects (Steele; Bass & Crook, 1999) the Mozart effect appeared to be larger than auditory relaxation instructions (d=40.20 overall and d=40.56) for spatial–temporal processing. 

These results support the hypothesis that arousal is what really improves the results, and that is why relaxation instructions reduce the level of arousal and impair cognitive performance. According to the arousal hypothesis music is a stimulus that produces an elevated higher level of adrenalin in brain and improves or enhances performance in cognitive tasks, in comparison to performance levels following silence (Steele, Bass & Crook, 1999; Rideout, Fairchild & Urban, 1998). In this case, it would mean that performance in all types of cognitive tasks should be improved if arousal was the defined mechanism. Some of the results show (Rauscher, Shaw & Ky, 1995; Steele, Ball & Runk, 1997) that listening to music did not improve non-spatial memory, but it did enhance spatial ability, which did not require mental rotation. Rideout, Fairchild and Urban (1998) showed that individuals, whose performance of spatial-temporal tasks was enhanced following listening to music, had an asymmetric profile of arousal in the left (high) and right (low) hemispheres of the brain after listening to music. After relaxation, arousal decreased equally in both hemispheres. This result suggests that music produces a larger effect because it impacts both hemispheres of the brain in different ways and produces different levels of arousal, which is the opposite to what happens after listening to relaxation instructions (Rideout, Fairchild & Urban, 1998). Moreover, it shows that not necessary the highest possible arousal has positive influence on cognitive abilities. In this case lower arousal in the right hemisphere in comparison to the left hemisphere improved results in tasks requiring right hemisphere activity. 

The idea that music influence on human cognitive performance may be associated with individual differences in cortical arousal, which are closely related to temperament (Hetland, 2000a) was tested by A. Furnham and collaborators (Furnham, & Allass, 1999; Furnham, Gunter & Peterson, 1994; Furnham, Trew & Sneade, 1998; Furnham & Bradley, 1997), mainly in relation to the extraversion and introversion dimensions. Cognitive task performance is directly affected by levels of cortical arousal (Eysenck, 1967; Eysenck & Eysenck, 1985). This is based on the premise that optimal performance could be reached with moderate levels of cortical arousal, in agreement with Yerkes-Dodson hypothesis stating that there is an empirical relationship between arousal and performance. Cognitive arousal causes increased performance but only up to a certain point: very high levels of arousal can have diminishing impact on performance. It seems that there is an optimal level of arousal for any given task (Yerkes & Dodson, 1908). A very important part of the hypothesis is that optimal arousal can be different depending on the task. For example, difficult or intellectually demanding tasks require a lower level of arousal for optimal performance to facilitate concentration, whereas tasks demanding stamina or persistence may be performed better with higher levels of arousal (to increase motivation). 
Furnham is one of the main investigators whose interests are closely related to temperamental characteristic and cognitive performance under distraction. Some of his results confirmed Eysenck’s idea. For instance, extroverts outperformed introverts under conditions of music distraction for both reading comprehension and memory tasks (Furnham & Bradley, 1997). However, some of his results are not that straightforward. Furnham et al. (1999) examined 144 pupils who were asked to complete reading comprehension, logic problem solving and coding tasks. It was expected that instrumental music would impair introverts’ performance and enhance extroverts’ performance and this effect would be magnified by the introduction of a vocal music condition. In contrast to the expected results, no significant interaction was found but only an upward trend in the reading and coding tasks. This finding supports previous results obtained by Smith (1961) and Sogin (1988) showing that musical stimulation had only marginal effect on task performance. These finding led to the idea proposed by Furnham et al. (1999) that possibly other personality dimensions besides extroversion and introversion could be responsible for the direction of musical impact on cognitive task performance. Moreover perhaps other factors, which influence individual level of arousal must be considered when analyzing music influence. 
When it comes to long-term effects, for example of taking music lessons, most researchers tend to believe that they improve spatial-temporal abilities (Rauscher et al., 1993; Hetland, 2000b), reading aptitude (Butzlaff, 2000) and enhance mathematical skills (Vaughn, 2000). Moreover, positive associations have been identified between taking music lessons and other measures, including tests of visual motor integration (Orsmond & Miller, 1999), selective attention (Hurwitz et al., 1975) and memory for verbal stimuli (Chan et al., 1998; Kilgour et al., 2000; Ho et al., 2003). 
Current studies on music lessons and intellectual abilities do not inform us about the direction of the association, (Schellenberg, 2004). It is possible that children with a higher level of cognitive potential tend to attend music classes, but Schellenberg (2004) showed that taking music lessons may cause relatively small but positive intellectual benefits. However, the findings also suggest that different extracurricular activities (e.g., music or drama) in general may be beneficial for the child’s development (Schellenberg, 2004).
One of the explanations of the positive effect of music lessons on cognitive performance is that schooling itself raises IQ (Ceci & Williams, 1997) and that would also explain why other scholastic in nature activities, like for instance chess lesson or drama classes, should have a similar effect. Another explanation could be that learning how to play a musical instrument includes training of a wide range of abilities, such as for example: learning to read music, learning to perceive and express emotions in music, memorization of extended passages, acquiring knowledge of musical structures (e.g., scales, chords, intervals, cadences and other harmonic progressions), fine-motor skills, and so on (Schellenberg, 2006). All these abilities being not only specific to music performance could create intellectual benefits in the case of activities which incorporate some or all of the factors, like memorization or fine-motor skills. There is strong evidence that musical training changes cortical morphology (Schlaug, 2003) and activity (Pascual-Leone, 2003) but it has not been determined yet whether those changes were only qualitative or also quantitative. Experiments using the technique of dichotic listening revealed that there is a difference between musically naïve and sophisticated subjects (Brust, 2003). Musically naïve subjectss appeared to have left ear advantage, which means right cerebral hemisphere dominance when listening to music. On the other hand musically sophisticated subjects displayed right ear advantage, which means left cerebral hemisphere dominance.

The main goal of the study is to find out whether musical training or just ongoing contact with music differentiates cognitive test results: if musically sophisticated subjects (who attended music school or play a musical instrument) but also people who habitually listen to music during studying will achieve higher test scores in a verbal and in a non-verbal task in comparison to people without musical experience and those who study in silence. As was already demonstrated music effects were not specific only to spatial-temporal abilities, but also to creativity or rapid pattern recognition (Schellenberg, 2006). The question in this investigation is if music influences “basic” cognitive functions, such as concentration and language.
Additionally tested is if different types of music (country specific, with a dominant rhythmic line, Mozart) understood as different levels of stimulation would modify the cognitive test results of people with or without a musical experience and of people who habitually listen or not to music while studying. Country specific music was believed to have a smaller arousal effect on people with musical experience, as they are familiar with music based on different scales. Music with a dominant rhythmic line was chosen as some results show that auditory and visual rhythm may really enhance cognitive performance, whereas melody had no effect (Parsons et al., 1999). In the case of the Mozart Effect music was played before resolving the test, however in everyday life, people listen to music while doing different things, such as for instance studying. That is why in this investigation participants listened to music before and during resolving given tasks.
Temperament, which is directly related to cortical arousal, was a controlled variable. In order to measure temperament in large group studies the most adequate method seems to be a questionnaire (Eysenck & Eysenck, 1980). Strelau and Zawadzki (Strelau & Zawadzki, 1993; 1995; Zawadzki & Strelau, 1997; Petrides, 2009) constructed the Formal Characteristics of Behavior - Temperament Inventory (FCB-TI). FCB—TI gives a complex view on temperamental factors, including both the energetic level of behavior characteristics, such as emotional reactivity, activity, sensor-sensibility and endurance; and the time behavioral characteristics, such as briskness and perseveration. All of the factors except sensor-sensibility are correlated (Strelau & Zawadzki, 1993). 
Two countries – Korea and Poland - from geographically distant regions were chosen in this investigation. The current investigation was a part of a larger one, in which the culturally specific music influence on cognitive performance and the question of whether culture modifies music influence were also examined. Because both countries were included in the adaptation process of the FCB-TI it was possible to compare participants as temperament is concerned in this current investigation. During the adaptation process of the FCB-TI about 400 people in Korea and 1000 people in Poland completed the inventory (Zawadzki, 2001, p. 80). Results showed that although there were some differences between groups, they were neither strong nor significant (Zawadzki, 2001). 
Both Korea and Poland exhibit a very dynamic economic development and the strong influence of an ethical or religious system: Korea – Confucianism and Poland – Catholicism. To present a cultural analysis on the inter-individual level of both countries Hofstede’s 5-Dimension Model (Hofstede, 2001) was chosen. In regard to Hofstede’s data, the biggest difference concerns the individualism vs. collectivism dimension. One of the most important characteristics of living in Korea is the collectivistic behavior apparent everywhere, whether it is at school, work or home. Koreans identify themselves with groups or communities with a common interest or tie. Attending music school may be considered to be joining a form of community and that is why it is very common in Korea. Moreover, because the influence of country specific music was tested it was important to find countries with distinct traditional music that are based on different scales. The major and minor scales of Western music are diatonic scales, in which the octave is divided into 8 steps. On the contrary, the tune and not a scale serves as the basis in Korean traditional music, which most often uses a pentatonic scale. To conclude we can say that culture created different behavioral patterns in Polish and Korean societies, nonetheless the temperamental basis of an individual from each of the countries should not vary extensively. 
Method

Participants

643 students were recruited from three top universities (business school and social science   departments in Poland and in Korea, among them 325 Poles and 318 Koreans). 

Measures and Procedure

Each experimental session lasted approximately 1 hour and was conducted after a regular university lecture, between 10am to 3pm. The same individual conducted all of the experiments and in Korea was accompanied by a Korean student, who explained instructions in Korean language. The students took part in this investigation voluntary; they were neither paid nor rewarded to do it. They were informed that the participation in the investigation is deliberate and that they are allowed to resign at any time, but none of the participants quit.
At first the scheme of the experiment was explained to all of the participants. The participants received all necessary materials and began by filling in the FCB-TI:

· The Formal Characteristics of Behavior – Temperament Inventory (Strelau, 1998). The psychometric properties of the inventory were investigated in several studies and appeared satisfactory (Strelau, 2008; Strelau & Zawadzki, 2006). The scale consists of 120 items with a Yes–No response format. The inventory was adapted in eight countries, among them Poland and South Korea (Zawadzki, 2001).

and a personal questionnaire including questions on listening to music and musical training (including the tenor of these activities):

· Do you listen to music while studying?

· Do you play any musical instrument?

· Have you attended music school?
If the participants answered ‘yes’ to question 1 they were assigned to a group of people listening to music while studying, as this variable was considered to be dichotomic. 

If the participants answered ‘yes’ to questions 2 and/or to question 3 (and if this activity lasted in the past at least 1 year) they were considered as having musical experience. In studies on the music lessons effect on cognitive abilities researchers examine the effect if the lessons were taken by the participants at least 6 months or longer (Gardiner et al., 1996; Schellenberg, 2004; Rauscher & Zupan, 2000). Because the length of the music classes varies across different investigations we decided to take stricter criteria, namely at least one year of attending music school. Because we wanted to see if there is any difference in the results of cognitive tests between people with or without any musical experience only the duration, but not the period when the musical experience was gained, was considered in this study. In the case of playing a musical instrument, we did not consider the tenor in which this ability was achieved, as being able to play or not is in our view is also a dichotomic variable. 
After finishing this part, each group of participants listened to one of the four types of music for 5 minutes. The control group did not listen to music and spent 5 minutes sitting in silence and relaxing.
· Mozart music - Allegro con spirito, Mozart Piano Sonata for Two Pianos in D major, K. 448

· Drum music - So-ri, Choi, Korean drum player

· Traditional Korean music - Excitement Dance, The Selection of Korean Traditional Music

· Traditional Polish music - Kujawiak, Polish Radio Folk Collection

After the time spent on listening to music or sitting in silence the participants resolved two tasks also while listening to music. Each of the groups listened to one of the above mentioned four types of music, and it was always the same type of music that they listened to before resolving the tasks. The control group did not listen to any music while resolving the tasks.
· Attention task – a test by Toulouse and Pieron (Toulouse & Pieron, 1986; Gassió et al., 2010; Aluja-Fabregata & Colomb, 2000) measures sustained attention and claims to identify and cross out two graphic symbols among a larger group of very similar symbols (the total number of symbols presented on two pages - 1020). This test was already used in cross-national studies (Stansfeld et al., 2005). 
· Verbal fluency task - examined with a self-constructed test. Participants were asked to write as many words (nouns, verbs or adjectives) within given time limit. In the Polish group students were ask to write words starting with k, p, m or s; and in the Korean group with ㄱ,ㅇ,ㄴ or ㅂ. A self-constructed test was used after consultations with Korean and Polish language teachers to make sure that using such instructions are possible to follow by both nations. Moreover, because we have not identified tests to compare verbal fluency among Poles and Koreans we have decided to create one.
Main Results Summary
In the case of the concentration task ANOVA it did not reveal country and attending music school interaction (F(1,622)=.081; P(0.77), playing a musical instrument interaction (F(1,620)=.247; P(0.62) or habitually listening to music while studying interaction (F(1,618)=.287; P(0.59) effects. This means that participants from both countries who have or not attended music school, play or not a musical instrument and listen or not to music while studying scored at a similar level on the concentration task.

Similarly in case of the verbal fluency task ANOVA did not reveal country and attending music school (F(1,637)=2.350; P(0.12), playing a musical instrument (F(1,634)=.003; P(0.95) or habitually listening to music while studying (F(1,633)=.449; P(0.50) effects. It means that participants from both countries who have or not attended music school, play or not a musical instrument and listen or not to music while studying scored at a similar level on the verbal fluency task.

The research questions were as follows:

1. Does musical experience influence cognitive abilities? If music education has a positive effect on cognition, would people who have attended music school or who play a musical instrument achieve higher results in the concentration and verbal fluency tasks? 
2. Does habitually listening to music while studying influence cognitive abilities? If listening to music has a positive effect on cognition, would people who habitually listen to music while studying achieve higher results in the concentration and verbal fluency tasks?

3. Would music listening before completing a cognitive task and during completion of the task have a different effect on people with musical experience and on people who habitually listen to music while studying? It would mean that best possible results in the concentration and verbal fluency tasks would be achieved with different type of music (understood as different level of stimulation) by people with musical experience and by people who habitually listen to music while studying.
In order to test the formulated questions an ANOVA with between-subject factors was conducted. 

Musical experience
The first ANOVA with music and attending music school as two between-subject factors revealed a main effect of attending music school on concentration (F(4,620)=10.976; P(0.01) and on verbal fluency (F(4,637)=7.182; P(0.01). It means that people who have attended music school scored worse on both concentration (M=145.9, SD=29.7 vs M=154.9, SD=30.2) and verbal fluency (M=33.8, SD=12.2 vs M=36.2, SD=12.2) tasks in comparison to people that have not attended music school. 

Insert Figure 2
Figure 2 Means of concentration of people who have and have not attended music school
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Insert Figure 3

Figure 3 Means of verbal fluency of people who have and have not attended music school
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There was no significant interaction between music condition and attending music school in case of the concentration task F(4,63)=0.712; P(0.58) and in case of the verbal fluency task (F(4,630)=0.967; P(0.42). It means that people who have and who have not attended music school scored at a similar level on concentration and verbal fluency task with different types of music. 
The second ANOVA with music and playing a musical instrument as two between-subject factors revealed a main effect of playing a musical instrument on concentration (F(4,620)=6.129; P(0.01) and on verbal fluency (F(4,634)=5.545; P(0.01). This means that people who can play a musical instrument scored worse on both concentration (M=148.2, SD=29.7 vs M=154.9, SD=30.3) and verbal fluency (M=34.4, SD=12.1 vs M=36.5, SD=11.9) tasks in comparison to people that can not play a musical instrument.
Insert Figure 4

Figure 4 Means of concentration of people who can and can not play a musical instrument 
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Insert Figure 5

Figure 5 Means of verbal fluency of people who can and can not play a musical instrument 
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There was a significant interaction in case of concentration task between music condition and playing an instrument (F(4,630)=2.442; P(0.05). It means that people who can play an instrument achieved the best possible results with different type of music than people who cannot play an instrument. Means and standard deviations in the concentration task for people that can play or not play an instrument with different music types are provided in Table 5.

Insert Table 5

Table 5 Interaction effect on concentration between playing an instrument and music condition

	Music
	Do you play any musical instrument
	Mean (SD)
	N

	 Control
	Yes
	156.5 (31.4)
	80

	 
	No
	168.1 (33.3)
	87

	 Korean
	Yes
	148.5 (23)
	54

	 
	No
	155.3 (26)
	68

	 Drums
	Yes
	156.1 (27.2)
	67

	
	No
	154 (27.6)
	68

	 Mozart
	Yes
	141.5 (30.5)
	56

	
	No
	138.3 (26.4)
	51

	 Polish
	Yes
	142.62 (49.48)
	45

	 
	No
	154.73 (29.20)
	47


There was no significant interaction in case of the verbal fluency task between music condition and playing an instrument (F(4,630)=1.411; P(0.22). It means that people who can play or not play an instrument scored at a similar level in a verbal fluency task with different types of music.
Habitually listening to music while studying
The third ANOVA with music and habitually listening to music as two between-subject factors revealed a main effect of habitually listening to music while studying on concentration F(4,616)=4.001; P(0.05) and on verbal fluency F(4,635)=4.763; P(0.05). It means that people who habitually listen to music while studying scored higher on both concentration (M=154.1, SD=30.6 vs M=148.4, SD=29.2) and verbal fluency (M=34.5, SD=12.2 vs M=36.4, SD=12.2) tasks in comparison to people who do not habitually listen to music while studying.

Insert Figure 6

Figure 6 Means of concentration of people who habitually listen and not listen to music while studying 
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Insert Figure 7

Figure 7 Means of verbal fluency of people who habitually listen and not listen to music while studying [image: image6.emf]Estimated Marginal Means of Verbalfluency
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There was no significant interaction between music condition and habitually listening to music in case of the concentration task (F(4,635)=0.855; P(0.491) and in case of the verbal fluency task F(4,630)=1.875. It means that people who habitually listen or not to music while studying scored at a similar level on concentration and verbal fluency task with different types of music. 
Temperamental profile

Further analysis of the temperamental profile of people who have attended music school, who play an instrument and who habitually listen to music while studying showed that there are some significant differences in three dimensions: perseveration, sensor sensibility and emotional reactivity. 
More low perseverant people have attended music school (X2(1) = 3.594; p<0.05), but there is a tendency that more high perseverant people can play a musical instrument (X2(1) = 3.192; p<0.07).

More high sensor sensible people can play an instrument (X2(1) = 6.787; p<0.00), but there is a tendency that more low sensor sensible people have attended music school (X2(1) = 3.184; p<0.07).
More high emotionally reactive people have attended music school (X2(1) = 8.174; p<0.00) and more low emotionally reactive people habitually listen to music while studying (X2(1) = 4.179; p<0.04). 

Insert Table 4

Table 4 Temperamental profile assessed with FCB-TI of people who have attended music school, who can play an instrument and who habitually listen to music while studying. 
	Temperament
	Having attended music school
	Playing instrument
	Listening to music while studying

	
	No
	Yes
	No
	Yes
	No
	Yes

	Briskness
	Low
	270 (69.8%)
	117 (30.2%)
	179 (46.4%)
	207 (53.6%)
	191 (49.7%)
	193 (50.3%)

	
	High
	164 (64.3%)
	91 (35.7%)
	126 (49.8%)
	127 (50.2%)
	127 (50.0%) 
	127 (50.0%)

	Pearson Chi-Square
	X2(1) = 2.087; p<0.14
	X2(1) = 0.720; p<0.39 
	X2(1) = 0.004; p<0.94

	Perseveration
	Low
	185 (63.8%)
	105 (36.2%)
	148 (51.6%)
	139 (48.4%)
	150 (51.9%)
	139 (48.1%)

	
	High
	250 (70.8%)
	103 (29.2%)
	157 (44.5%)
	196 (55.5%)
	168 (48.0%)
	182 (52.%)

	Pearson Chi-Square
	X2(1) = 3.594; p<0.05
	X2(1) = 3.192; p<0.07
	X2(1) = 0.965; p<0.32

	Sensor sensibility
	Low
	298 (65.6%)
	156 (34.4%)
	230 (50.9%)
	222 (49.1%)
	216 (48.0%) 
	234 (52.0%)

	
	High
	137 (72.9%)
	51 (27.1%)
	74 (39.6%)
	113 (60.4%)
	102 (54.3%)
	86 (45.7%)

	Pearson Chi-Square
	X2(1) = 3.184; p<0.07
	X2(1) = 6.787; p<0.00
	X2(1) = 2.075; p<0.15

	Emotional reactivity
	Low
	137 (76.1%)
	43 (23.9%)
	76 (42.5%)
	103 (57.5%)
	77 (43.3%)
	101 (56.7%)

	
	High
	298 (64.4%)
	165 (35.6%)
	229 (49.7%)
	232 (50.3%)
	241 (52.3%)
	220 (47.7%)

	Pearson Chi-Square
	X2(1) = 8.174; p<0.00
	X2(1) = 2.692; p<0.10
	X2(1) = 4.179; p<0.04

	Endurance
	Low
	198 (65.8%)
	103 (34.2%)
	151 (50.5%)
	148 (49.5%)
	153 (51.0%)
	147 (49.0%)

	
	High
	237 (69.3%)
	105 (30.7%)
	154 (45.2%)
	187 (54.8%)
	165 (48.7%)
	174 (51.3%)

	Pearson Chi-Square
	X2(1) = .905; p<0.34
	X2(1) = 1.821; p<0.17
	X2(1) = .345; p<0.55

	Activity
	Low
	233 (69.3%)
	103 (30.7%)
	158 (47.2%)
	177 (52.8%)
	167 (50.2%)
	166 (49.8%)

	
	High
	202 (65.8%)
	105 (34.2%)
	147 (48.2%)
	158 (51.8%)
	151 (49.3%)
	155 (50.7%)

	Pearson Chi-Square
	X2(1) = 0. 922; p<0.33
	X2(1) = 0. .068; p<0.79
	X2(1) = 0.041; p<0.83


Discussion

People without musical experience (understood as playing an instrument and/or attending music school) scored higher than people with musical experience, which is in contradiction to most of the current findings of other investigations. Presumably such results are related to the level of arousal caused by the task, which had to be completed and the level of distraction (e.g. music type or lack of distraction - silence). Playing an instrument requires a high level of concentration. Environmental influences may change the need for stimulation (Eliasz & Klonowicz, 2003) in such a way that that the sensitivity threshold would be increased and more stimulation required to achieve an optimal level of activation. In such cases individuals with a higher sensitivity threshold would strive for additional and more intensive stimulation, without which optimal arousal would not be possible to achieve. 
Differences on temperament dimensions like perseveration, sensor sensibility and emotional reactivity among people who have and have not attended music school and who can and cannot play an instrument show that the individual arousal level vary among people with and without musical experience. Therefore to obtain an optimal arousal level, which is needed to achieve highest possible cognitive functioning, they require different stimulation.
The obtained results showed a significant interaction between musical experience (playing an instrument) and the type of music that enabled subjects the highest cognitive performance. In this case we might suspect that musical experience changes the individual sensitivity threshold. Of course one may question if the temperamental differences among people with and without musical experience are due to practicing music, or if they were present before starting music education. This must be checked in a future investigation by controlling temperament variable among people who are just about to start music education and people after at least one year of education. Nonetheless, even if the temperamental differences are not due to music education and were present already before it was started, it seems that people with and without musical experience require different intensity of stimulation to achieve the optimal level of cortical arousal in order to present the highest cognitive performance. Resolving cognitive task in particular environmental circumstances includes many elements representing a stimulatory value (task, place, level of noise, etc), and this value would be differently perceived by people with and without musical experience.

People who listen to music as a habit while studying achieved higher results than people who do not listen to music while studying. It means not only that exposure to music before completing a cognitive task can bring a positive effect, but also habitual listening to music while studying may have the same influence. Researchers, who argue for the nonmusical benefits of exposure to music, put forward a specific neuropsychological basis for such benefits (Shaw, 2000; Rauscher & Shaw, 1998; Rauscher, Shaw & Levine, 1997; Rauscher, Shaw & Ky, 1995). This hypothesized cortical process would be compatible with other cortical processes that are relevant to music influence. Shaw (2000) claims that the Mozart music “primes” the relevant neural pathways for the subsequent cognitive tasks. Current results indicate that the “priming” effect of music is not limited to Mozart but would also encompass all types of music that are chosen and preferred by the listener. Additionally “priming” would be an ongoing process that takes place for example during habitual listening to music while studying.

Furthermore, it was also shown that people who habitually listen to music while studying differ from people who do not listen in terms of emotionally reactivity. As in the case of musical experience, the result could suggest that people from both groups need a different level of stimulation in order to achieve effective cognitive functioning. 

From the methodological point of view investigating musicians and non-musicians in different countries can create some difficulties as the population of musicians may differ in terms of the level of musical ability. If, as in case of Korea, music education is widely popular, people with musical experience would not be a much selected group and possibly the overall musical ability level would not be exceptional in this group. Therefore, a very clear definition of musical experience is necessary, considering years of education, type of education, special talents (e.g. absolute hearing). Additionally, stratified sampling could ensure that each of sub-groups within a population (e.g. people with higher music education, playing particular instruments, etc.) is adequately represented in the investigation. 

The optimal level of activation depends on the temperamental constitution of the listener, who seems to be the key to analyze music influence. Therefore further investigations on music influence and the temperamental traits of the listener would be of a high value.  Moreover because there is a relationship between preference (preferred and non-proffered music causes different level of arousal) and arousal it should be further examined.
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�The title should say „Verbal fluency” as 2 seperate words – I cannot correct this. 
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