Asymmetry


The first hypothesis that was examined was that the withdrawal selections, namely the Ave Maria and Lacrimosa, would elicit greater F4 activation as compared to the approach selections, the Dies Irae and Hallelujah Chorus, which would elicit greater F3 activation.  Figure 1 shows that the withdrawal pieces did not elicit greater F4 activation though the approach pieces did elicit greater F3 than F4 activity.  However, condition did affect the activity of the two sites.  The ANOVAS showed that condition had a significant effect on hemisphere but not on asymmetry.  In other words, condition had an effect on activation, in that the amount of activation was affected by which pieces were being heard, but the difference between the amount of activation (asymmetry) of the right and left hemispheres was not great enough to be statistically significant.  


Baseline conditions were expected to be different from one another since carry-over effects from the music conditions to the baseline conditions were expected, and indeed the F3 and F4 power was significantly different or nearly significantly different in each of the three baseline conditions.  This finding would indicate that music is affecting the activation level in the baseline conditions.  What is noteworthy is that overall cortical alpha band activation decreases in both hemispheres after pre-test baseline, regardless of what kind of music is being heard.  It was expected that the energetic Dies Irae or Hallelujah would increase overall activation but this was not the case.  There was much greater left-sided asymmetry during the approach pieces than the withdrawal pieces as indicated in Figure 2.  The large difference in activation between the withdrawal baseline and all the other conditions is also noteworthy.  After listening to the withdrawal pieces, it seems that the subject had a much different degree of arousal than after the approach pieces.  It is difficult to determine, by judging only from figure 1, why there is such an increase in left-sided activation after the withdrawal pieces.

Figure 2 sheds more light on the discussion.  While there were no significant differences between the asymmetry observed in the withdrawal and approach pieces, it is clear that the Ave Maria and Lacrimosa conditions caused less left-sided activation (consequently more relative right-sided activation) than the other conditions, which is what was expected.  Since the asymmetries in figure 2 are not significantly different from one another, one can only determine that there was a tendency for the two withdrawal pieces to elicit more right-sided activation than left.  More subjects may have pushed these differences into significance.  The difference in asymmetry between the two withdrawal pieces and the withdrawal baseline is also very pronounced in this graph.  It seems that after the withdrawal pieces have been heard, the activation becomes more left-sided asymmetrical which is also more towards the pretest baseline asymmetry.
  This would indicate a kind of “bounce back” effect that occurs after someone listens to a more solemn or melancholy piece of music—that once the music is over, the subject quickly returns to their baseline asymmetry.  This does not seem to occur after the approach pieces, though the level that a subject must rebound from to achieve baseline activation is much less.  One would expect that regardless of what music has just been heard, activation would soon return to normal. The graph would not dispute this expectation. 


As the second hypothesis expected, there were carry-over effects from the music to the baselines, as is most visible in figure 2.  While the approach and withdrawal baseline asymmetries are not significantly different as we originally expected them to be, the fact that they are not the same as the pretest baseline would indicate some kind of carry-over effect from the music conditions.  Since the asymmetry was very different between the approach and withdrawal pieces, and the respective baseline asymmetries were virtually the same, one must conclude that the carry-over effects are quite different between the two.  It seems probable that what we are seeing is the effects of the different styles of music.  One possible reason for the big change in activation between the withdrawal group of pieces and the withdrawal baseline (as seen in both figure 1 and 2) is that the experienced emotions are so different.

Musical Background and Listening Preference


The third hypothesis predicted that musical background and listening preference would affect EEG activation.  Listening preference was not found to have any significant correlations to EEG activity.  There may be a couple of reasons for this. The first is the sample size.  Out of 17 subjects, only five indicated a preference for classical music, therefore the two groups were hardly comparable.  With a larger sample size and more balanced groups it is possible that some conclusions could be made on the effect of listening preference on EEG activity (as Field, 1998 did).  The second possible reason for a lack of correlation between listening preference and EEG activity is that listening preference gives no specific indication in itself, whether a subject will feel 

favorably or non-favorably towards a particular piece of music.  It is very conceivable, in other words, that someone who prefers rock music would completely enjoy the Dies Irae and thus experience strong emotions while listening to it.

On the other hand, musical background does seem to have a significant effect on EEG activation.  As was expected, musical background had significant effects or near significant effects on nearly every music condition.  This was expected, since musical background can increase understanding of the genre or style of the piece, and thus presumably elicit a deeper emotional response.  What is very noteworthy however, is that musical background had a significant effect on the baseline EEG as well as the on the music EEG.  This is somewhat surprising, because there is no particular reason for it, except that subjects who have music training have different EEG activation on a general or broad level.  This suggests (though not definitively) that music training alters the frontal cortex in some way.  There are broad implications if this is true (see Kang et al., 1991; Ekman, Davidson, & Friesen, 1990; Henriques & Davidson, 1990, 1991; Davidson, 1998).  

In this study a conscious attempt was made to find an equal number of relatively learned musicians and non-musical subjects.  Ten out of 17 subjects had taken music courses in the sample of participants. Figure 3 indicates that as subjects increased in music training, their frontal alpha band activation became decreasingly left-sided or more right-sided.  As has been previously discussed, right-sided activation is associated with withdrawal emotions and has been linked to an increased susceptibility to depression (Henriques & Davidson, 1990).  It is very possible that there are other factors that played at least a minor role in this finding.  Subjects with more musical background are likely more familiar with the selections, but how does that explain the differences seen in the pretest baseline condition?  A follow-up study would need to be done in order to answer these questions.   

Subjective Emotionality


The last hypothesis was that listening preference, music background, and prior familiarity would have strong correlations to the subjective emotionality responses that subjects gave to the different pieces.  Pearson correlations indicated a very low positive correlation between listening preference and subjective emotionality for all the pieces.  The reasons for this finding are likely the same as previously discussed above.  


Of more interest are the correlations between music background and subjective emotionality.  Moderately high correlations were found in the Dies Irae, Ave Maria, and Lacrimosa conditions which is expected since subjects who are trained and interested in music are likely more responsive to it.  This was not the case for the Hallelujah condition where a negative correlation was found (see table 1).  As subjects had more music background, they consistently rated the Hallelujah Chorus as being less and less emotional.  This is very likely a “burnout” effect, where a familiar piece is continually examined and studied until it loses its emotional quality.  This finding seems to suggest that there is a fine line between liking a familiar piece that one has an emotional attachment to and disliking a piece because it has become too familiar.


The correlations between prior familiarity and subjective emotionality show similar results as the music background/subjective emotionality comparison, yet are different in their implications.  Very strong positive correlations occurred between prior familiarity and subjective emotionality in the Dies Irae, Ave Maria, and Lacrimosa selections.  These data suggests then, that the best predictor of how emotional a piece of music will be to a particular person, is the degree to which they are familiar with the piece—unless they are too familiar with the piece.    


In summary, these data has shown that music does affect activation as measured by power in the alpha band of the left frontal and right frontal cortex; that music background has some effect on not only music-elicited activation but also on resting baseline alpha activity; and that musical background and prior familiarity both have an effect on subjective emotion, though prior familiarity is the best predictor of whether a piece will be emotional or not.  

An Important Consideration


An important limitation that needs to be addressed is whether the music selections used in this study were as good at representing emotions as they were presumed to be.  A pre-study questionnaire should have been given asking experienced singers to rate the pieces in order to determine if they indeed fit the emotions that were being studied.  This did not happen, and a post-test questionnaire was given instead.  Analysis of the data gave evidence that the presumed emotions were only partly correct. The Dies Irae and the Hallelujah chorus were rated as being significantly more exciting than sad, though the means did differ considerably for the happiness and sadness ratings.  Excitement is considered a characteristic of approach emotions (see Davidson et al., 1990) and both the Dies Irae and Hallelujah Chorus are very similar in this aspect.  Ideally one should use pieces that subjects rate similarly across various emotions.  

There were also problems with the withdrawal pieces. The Lacrimosa was rated significantly more sad than happy, though the Ave Maria was not as definitive and was rated about equally in all three emotions.  Since it is unlikely that a piece is both happy and sad, one must conclude that the Ave Maria is ambiguous emotionally and depending on the listener’s opinion it can be either.  The experimenter chose the Biebl’s Ave Maria because of its stylistic characteristics in tempo, key, and line—all of which were more similar to the undoubtedly sad Lacrimosa than the other two pieces.  Figure 2 shows that the Ave Maria and Lacrimosa conditions elicited very similar activation levels.  This suggests that even if a group of people does not agree about what kind of emotions a particular piece is associated with, their brain activity does agree.  This is evidence that subjective emotion ratings are less reliable than brain activation in determining what emotions a subject is experiencing. 

Further Limitations and Discussion


This study has failed to replicate the same findings, in reference to the significant differences in asymmetry between the left and right hemispheres in happy and sad conditions, that other studies have (see introduction).  Davidson and colleagues (Davidson, Ekman, Saron, Senulis, & Friesen, 1990) stress that it is extremely important to use something besides subjective self-report to verify that each subject has indeed experienced the emotion that the experimenter expects.  They argue that a facial coding system is the method of choice to locate precisely when a fleeting emotion is being experienced.  They showed that without this precise measurement, no significance could be found in asymmetry.  The present study did not use an emotion verification tool such as the Facial Coding System that Davidson et al. used.  


While there were not significant condition interactions affecting asymmetry, there were definite trends that the graphs made quite clear.  A follow-up study using the (FACS) would provide interesting evidence as to whether it is absolutely necessary to pinpoint exact moments of emotion.
 Clearly as Figure 2 shows, the withdrawal pieces had a different effect on 

asymmetry than the approach pieces, and more subjects may have helped the asymmetry reach 

significance. 


Davidson (1993) and others (see introduction) have discussed the importance of understanding the multi-component nature of emotion and using this understanding to aid in designing proper methodologies.  It was the experience of emotion that this study was most concerned with.  The subjective emotion question on the questionnaires was designed to make the subject rate their experienced emotional response to the piece rather than their perception as to what emotion the piece signified.  Whether self-report data is worthy of consideration is widely disputed.  In this study the subjective emotion data was not used to draw causal relationships but only to draw possible correlations.  For this purpose, the data seemed to provide valuable insight into what the subject thought they felt, though there may be clear differences between what a subject perceives they feel and what their physiological data suggests they actually feel.

Follow-up Research on the Topic


Using EEG to collect data is an effective method, and is for the most part non-invasive. 

Due to the fact that there was a second study taking
 place simultaneous to this one, each subject spent more time wearing the EEG equipment than is preferred.  Most of the subjects made clear on the post-study debriefing sheets that the EEG apparatus was on much too long.  Further studies should be designed to minimize the length of time that the subjects wear the electrodes (30 to 60 minutes would be ideal).  


Many studies using music and EEG are done in soundproof rooms without noise interruption.  It is important to arrange the laboratory so that no interruptions can occur, since a subject who has their eyes closed may feel somewhat vulnerable, and if they hear an unexpected noise their concentration on the task may waver. 

Conclusions


Whether one agrees with the cognitivist position or emotivist position of music-elicited emotions, one cannot help but to accept the fact that there is some psychological quality, evidenced by the influence and importance of music in our society, about music that is worth investigation.  Since there is a limited amount of research on the question surrounding music elicited EEG activation, there are many different methodologies and procedures that could be used to learn more about music elicited emotions.  This paper tried to give insight on the recent research and lay out ideas for further study.  Understandably, there are many variables that must be considered prior to studying this topic and many of these variables have been discussed here.  I believe that there are subtle implications for studies like this one, since music elicited emotions seem to be different in nature than other emotions in some mysterious way.  It is through studies like this one, that we can unlock some of the mystery behind what makes the arts an emotionally powerful and influential medium in our society.

� This probably takes a few minutes since the baseline readings were taken between 2:30 and 3:30 minutes after the particular pieces of music were played.





� Using a Facial Coding System may not work well in a study using music as an emotion elicitor since an important component to facial movements is vision. To reduce eye movement contamination, subjects in this study had their eyes closed, and whether or not subjects would have enough facial movements to enable facial coding is questionable. 


	


� A second study, examining the relationship between music-elicited emotions and neurotransmitters found in saliva samples taken from the subjects, was being done simultaneous to this study. Since extra time was allowed to take baseline saliva samples, the subjects spent more time wearing the electrodes than they normally would have in an experiment like the one being discussed here.





