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Abstract 
 

Psychophysiological studies of emotion have typically used static stimuli to elicit emotion (e.g. the International 
Affective Picture System). This work has shown positive correlations between skin conductance and activation 
ratings and negative correlations of corrugator electromyograph and pleasantness ratings (Lang, 1995). However, 
since emotional experience and associated physiological events are dynamic, it remains uncertain whether these 
same  relationships are found over time. The current study examined this issue using music stimuli. Seventeen 
participants used a LabVIEW -based instrument to rate their emotional experience continuously on a two-
dimensional space while listening to ten different instrumental excerpts; skin conductance and corrugator EMG were 
simultaneously measured. Second-by-second mean skin conductance and root mean square EMG were calculated 
and then averaged across participants. Cross correlation plots indicated a negative correlation of corrugator EMG 
and pleasantness for Rimsky-Korsakov’s “Scheherazade;” emotion lagged behind physiology by about eight 
seconds. Positive correlations between skin conductance and activation were shown for Coltrane’s “Alabama” and 
Tarrega’s “Gran jota” with no temporal lag between physiology and emotion. Two other excerpts actually produced 
a negative correlation of skin conductance and activation. Furthermore, time itself had a strong negative correlation 
with skin conductance (decline over time in all ten excerpts). Separate analyses for individual participants revealed 
more relationships consistent with the original hypothesis but also many instances of individualized responses to 
particular excerpts. Thus, averaging across participants obscures many relationships otherwise seen in individual 
analyses. It appears that skin conductance changes over time are not related so much to emotional activation as to 
habituation to the novelty of the stimuli. 
Keywords: Psychophysiological, Emotion, Music-Elicited, Dynamic. 

 
1.  Introduction 
 
Psychologists have devoted much work to the relationship of emotion and bodily responses.  Attempts to 
characterize this relationship can be dated back to William James (1890), yet there is still controversy on the subject.  
A new approach to studying this relationship uses music as an emotion-elicitor, studying continuous effects on 
psychophysiological responses. 
   However, to accurately measure emotion continuously is no easy task.  Since emotion is such a complex 
subjective experience, one must first employ a structural representation of emotion that allows participants to 
truthfully indicate their affective experience.  It is likely that a one-dimension structure of emotion cannot 
adequately capture many of the complexities and nuances of emotive experience (Schubert, 2001).  Extensive prior 
research has illustrated that it is more accurate to use a structure of emotion more accepted by emotion 
psychologists, such as the two-dimensional structure of affect (Barrett & Russell, 1999; Watson, Wiese, Vaidya, and 
Tellegen, 1999).  Factor analyses of emotion studies repeatedly produce two clear dimensions, interpreted as 
pleasantness and activation (Russell and Barrett, 1999).  Moreover, analyses show that emotions not only organize, 
but also change along these dimensions (Russell and Barrett, 1999).  Thus it seems that a two-dimensional structure 
of emotion is crucial to accurately measure emotion continuously. 
   Since music is non-static in nature, research using music as an emotion-elicitor can then look at the moment-to-
moment changes in self-rated emotion and psychophysiology.  This is especially important because we experience 
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emotion continuously; when researchers use static stimuli to study emotion they miss out on analyzing the dynamic 
nature of emotion and psychophysiology that we experience in real life (Schubert, 2001).  An example of work 
utilizing continuous emotion measurement and physiology  is that of Krumhansl (1997).  This work examined the 
music-elicited psychophysiological recordings from one group and the continuous self-ratings of music-elicited 
emotions of another group (each used the same music excerpts).  There were significant differences in physiological 
measurements from baseline to the corresponding measurements taken during music.  Skin conductance was found 
to be strongly negatively correlated with time.  The work of Witvliet (1997) also investigated the relationship of 
psychophysiology and music-elicited emotions.  Participants dynamically rated their music-elicited emotive 
experience using a comp uter-generated cartoon.  During this process, psychophysiological indices were also taken.  
Results showed that skin conductance was strongly negatively correlated with time.  Corrugator EMG levels 
increased from the baseline during negatively rated music, and decreased during positively rated music. 
   These two studies are not without their limitations.  Krumhansl (1997) used different participants for the 
psychophysiological measurements than for the emotion ratings, an approach which did not allow exploration of the 
correlations occurring within each participant over time. One may ask whether such results fairly reflect what is 
occurring in any participants since different people respond somewhat differently in both emotion and 
psychophysiological activity.  Witvliet (1997) also did not examine the dynamic correlation of psychophysiological 
reponses to emotion ratings. 
   In an attempt to study these dynamic relationships of emotion and psychophysiology, this study implemented 
continuous emotion measurement based upon a two-dimensional model of affect (Barrett and Russell, 1999) and 
dynamic recording of two psychophysiological indices, skin conductance and corrugator EMG.  These  
measurements were done simultaneously and continuously for each participant. Previous studies utilizing static 
emotion elictors (the International Affective Picture System, Lang, 1995) have found a strong positive correlation of 
activation and skin conductance and a strong negative correlation of pleasantness and corrugator EMG.  Since the 
experimenter employed a similar two-dimensional model of emotion and the same psychophysiological 
measurements as Lang, the same relationships between emotion and physiology were expected. 
 
2.  Methods  
 
2.1.  participants 
 
Seventeen participants from Bethel College volunteered to participate in this experiment.  Eight were female, and 
nine were male.  The age range was from 18-22, with a mean age of about 20 years.  All but one participant were 
non-music majors.  Participants had varying degrees of music experience, from none to five years of private lessons. 
 
2.2.  experimental stimuli 
 
The experiment employed ten excerpts of music; only instrumental music was chosen thereby avoiding emotional 
responses to lyrics.  Each excerpt lasted one to two minutes in length.  This length was chosen because it has been 
shown to be more than adequate in eliciting changing emotional responses within excerpts in previous studies 
(Fischer, Krehbiel, and Krehbiel, 2001).  Furthermore, these excerpts represented a wide variety of genres, including 
jazz, classical, tango, etc.  The order was randomized for each participant.  Table 1 (below) lists the used excerpts. 
 
Table 1.  Excerpt Listing 

Excerpt Composer 
1.  Alabama John Coltrane 
2.  Symphony 35, 4th Movement Dimitri Shostakovich 
3.  Hobo Ho Charles Mingus 
4.  Scheherazade Nokolay Rimsky-Korsakov 
5.  Tanguedia III Astor Piazzolla 
6.  The Dreams and Prayers of Isaac the Blind Osvaldo Golijov 
7.  Prelude #5 in G Major Sergei Rachmaninoff 
8.  Sarabande, Suite #6 in D Major Johann Sebastian Bach 
9.  Piece en forme de Habanera Maruice Ravel 
10.  Gran jota Francisco Tarrega 
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   Emotions were self-rated using the two-dimensional structure of affect proposed by Russell and Barrett (1999).  
This structure of affect is a graph with an x-axis and y-axis, and it also has words place around these axes in the 
shape of a circle.  The x-axis represents the pleasantness dimension, while the y-axis represents the activation 
dimension.  Words expressing more unpleasant emotions are on the left, while more pleasant words are on the right.  
Words expressing deactivated emotions are on the bottom, while more active words are on the top.  Words opposite 
from each other express opposite emotions.  The point where the axes intersect is a neutral point. 
   The two -dimensional structure of affect (Barrett and Russell, 1999) was chosen for a number of reasons.  First, a 
one-dimension representation of emotion is not sufficient to capture the nuances and differences in emotion 
(Schubert, 2001).  Second, factoral analyses have shown that emotion structures itself along the two dimensions 
included in this model (Barrett and Russell, 1999).  Third, the dimensions of pleasantness and activation seen in the 
two-dimensional structure of affect (Barrett and Russell, 1999) are the very dimensions of emotion to which Lang 
(1995) compared psychophysiological measurements of skin conductance and corrugator EMG.  Fourth, the pictoral 
representation of this structure was easily included in the program which allowed continuous emotion measurement. 
Thus, the utilized structure of emotion is closely tied to methodological accuracy, the relationship of emotion 
dimensions to implemented psychophysiological measurements, and ease of use in the computer program used to 
record self-reported emotion. 
 
2.3.  procedure  
 
Participants were attached to the physiological recording apparatus.  Skin conductance and corrugator EMG were 
checked to see if they were functioning properly.  The experimenter then took a minute baseline recording of skin 
conductance and corrugator EMG.  Instructions were then read to the participant.  Once the participant understood 
the procedure, the experimenter began the first excerpt, and participants continuously rated their emotinal response 
while physiological indices of skin conductance and corrugator EMG were measured. 
   Continuous emotion ratings were measured by means of the two-dimensional structure of affect (Barrett and 
Russell, 1999), a map of which was incorporated into a LabVIEW (National Instruments, Austin, TX) virtual 
instrument (VI).  This VI superimposed a red "X" on the intersection point.  Participants moved the position of the 
"X" by clicking and dragging on the "X".  The position to which one moved the "X" represented his /her emotional 
reaction to the music.  Participants were free to move the “X” at any time they felt a change in their emotional state.  
The VI kept track of these moment-to-moment changes with a sampling rate of 1Hz; this resulted in continuous 
emotion measurement (Schubert, 2001).  Participants did not practice manipulating the “X” on the circumplex.  
Instead, the experimenter gave explicit instructions, and verified with each participant whether he or she understood 
and was capable of accurately indicating their emotional response using this method.  LabVIEW was also 
responsible for starting the compact disc player on each excerpt of music.  Psychophysiological recordings were 
obtained through BioBench v1.2 (National Instruments, Austin, TX).  Three channels were used: skin conductance, 
corrugator EMG, and one for triggering of BioBench.  BioBench was triggered by a 5V signal that was sent through 
a terminal block by LabVIEW when each excerpt began.  Psychophysiological measurements were done with a 
sampling rate of 1000Hz.   
 
2.4.  data analysis 
 
Due to the sheer amount of data collected in this experiment, data preparation was an elaborate endeavor.  For the 
files generated in BioBench, header information was deleted.  At that point, each file was opened with a LabVIEW 
VI that was created to manipulate each file.  This VI went through the entire file and found the mean value per 
second (every 1000 values) for galvanic skin response measurements, and for the EMG measurements a root mean 
square was found for each second (every 1000 values).  The root mean square is a data transformation that changes 
the waveform into a nonnegative wave that is bounded in time and amplitude (Cacioppo, Tassinary, and Fridlund, 
1990).  These created files, as well as the emotion-rating files generated by LabVIEW were then manipulated and 
subsequently organized in Microsoft Excel to allow for appropriate statistical analysis.  All Excel files were then 
opened in Systat 10.2 for statistical analysis.  Cross-correlation plots were used to find correlations at various lags 
(the degree in seconds that one variable precedes or follows the other) (Gottman, 1981).  Excerpts for which data are 
presented in the results section (regarding changes over time and individual patterns over time) were chosen from 
among these analyses by the following criteria:  correlation coefficients had to reach 0.5 in either direction, and the 
lag for such could be no more than 8 seconds. 
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3.  Results 
 
The relationship of psychophysiology and self-rated emotional responses was studied in a variety of ways.  One 
analysis was done to investigate changes over time.  This was carried out with both time -series graphs and with 
cross-correlation plots.  See graphs (below) for examples of strong relationships (absolute value of r greater than or 
equal to 0.5 with a lag no greater than eight seconds in either direction).  
 

Figure 2.  Relationship of Skin Conductance and Activation for Coltrane's "Alabama" 
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   When comparing the graphs for GSR and activation in Co ltrane’s “Alabama” (Figure 2, above), we see similar 
trends.  Following a brief increase at the beginning of the piece in both GSR and activation, there is a steady 
decrease in each measurement from there on.  The graph on the right illustrates cross correlation analysis of 
“Alabama”.  In Figure 2 we see that with a lag of 6 seconds, meaning that experience precedes physiology, there is a 
correlation of approximately r = .7.  Unfortunately, this lag is not apparent in Figure 2.   Despite the fact that at first 
glance GSR seems to precede activation, it is possible that the subtle nuances of each plot account for this positive 
lag.   
 

Figure 3.  Relationship of Skin Conductance and Activation for Mingus’ “Hobo Ho” 
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   Figure 3 (above) illustrates what appears to be a negative relationship of activation with galvanic skin response in 
Charles Mingus’ “Hobo Ho”.  Although both activation and skin conductance increase for the first ten seconds, from 
about twelve seconds on, skin conductance gradually declines for the remainder of the excerpt.  Activation 
maintains a level trend until about forty seconds, where it increases, and then decreases at about fifty-five seconds.  
It again peaks at approximately seventy seconds.  Overall, activation maintains a slight increase from about twelve 
seconds until the end.  In the right panel of Figure 3, we see evidence for the strong negative correlation 
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(approximately r = -.7).  This negative correlation is particularly curious, because it is in the direction opposite to the 
one that was hypothesized.  One also may see the negative lag (physiology precedes emotive experience in time).  
The strongest correlation is with a lag of approximately five seconds.  In other words, when an event occurred 
physiologically, it was generally followed by an emotive change (in the opposite direction) after about 5 seconds.   
 

Figure 4.  Relationship of Corrugator EMG and Pleasantness for Rimsky-Korsakov’s “Scheherazade” 
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   Figure 4 (above) depicts a second-by-second comparison for Rimsky-Korsakov’s “Scheherazade”, and a negative 
relationship between pleasantness and corrugator EMG emerges.  For the first twenty seconds pleasantness steadily 
decreases while corrugator EMG activity peaks about three times.  At the twenty second mark, corrugator EMG 
drops off sharply until about thirty seconds, whereas at about twenty-five seconds pleasantness increases 
dramatically until about forty seconds.  From this point on, there is a steady increase in corrugator EMG and a 
steady decrease in pleasantness.  In the right panel of Figure 4, one sees a negative correlation (approximately r = -
.6).  This graph shows the strongest correlation occurring at a lag of eight seconds.  In other words, changes in 
emotive experience correlated most strongly to changes in psychophysiology eight seconds later.   
 

Figure 5.  Relationship of Skin Conductance and Activation for Piazzolla’s “Tanguedia III” 
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   Figure 5 (above) illustrates analyses of activation and skin conductance for Piazzolla’s “Tanguedia III”.  In Figure 
5 there is an initial increase in both measurements.  However, at about 10 seconds, skin conductance begins to drop, 
and does so for the remainder of the excerpt.  Activation, on the other hand, continues to increase as a whole for the 
rest of the piece.  From this graph, one may expect to see a negative relationship between skin conductance and 
activation, which contradicts the author’s hypothesis.  The right panel of Figure 5 illustrates the expected negative 
correlation, and there is a slight effect of lag on the strength of the correlation.  At a lag of negative four seconds we 
see the strongest correlation value of approximately r = -.8.  In this case, the negative lag can be described as 
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changes in psychophysiology correlated most strongly to changes in emotive experience four seconds later.  
However, this effect of lag is not large, and possibly this is why it is hard to see in Figure 5.  When one compares 
the correlation at no lag (r = -.75) to a lag of negative four seconds (r = -.80) the difference is not great, and thus it is 
understandable why the effect of lag is not seen easily in the left panel of Figure 5. 

 
Figure 6.  Relationship of Skin Conductance and Activation for Tarrega’s “Gran jota” 
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   Figure 6 (above) tells a clear story about the relationship of activation and skin conductance for Tarrega’s “Gran 
jota”.  The moment to moment changes in activation and skin conductance are very closely correlated; there is little 
visible difference between these two measurements.  In addition, there seems to be no lag in this relationship, and, as 
a result, it is expected to see a large positive correlation with little, if any lag.  It is quite apparent from the right 
panel of Figure 6 how close the relationship of GSR and activation for Tarrega’s “Gran jota” is.  As expected, 
correlation is strongest with little lag (about 1 second) (approximately r = .9).   
   In addition, the experimenter investigated the possibility of relationships of psychophysiological measures with 
time.  There were no significant relationships of corrugator EMG and time.  However, all ten exceprts produced 
strong negative relationships of skin conductance and time.  More specifically, nine of ten excerpts produced 
relationships with an absolute value greater than r = 0.94, and for the remaining excerpt r = -0.74.   
   Further analyses were done to investigate if by averaging across participants one is obscuring some of the 
relationships otherwise seen.  For example, in participant 8 there were three strong negative relationships of 
corrugator EMG and pleasantness, and four strong positive relationships of skin conductance and activation.  There 
were a total of three relationships in the direction opposite the one hypothesized. 
   In addition, data for each excerpt were averaged over time, and correlations between measures were examined for 
the averaged data.  Although few correlations were strong, one can see that seven of the ten correlations between 
corrugator EMG and pleasantness are negative, and thus are in the predicted direction.  See Table 2 (next page) for 
full results from this analysis. 
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Table 2.  Correlations across people within each track (values >.35 in bold) 
 Pleasantness Activation  
Skin Conductance -0.441 -0.050 
Corrugator EMG -0.141 -0.103 

John Coltrane’s 
“Alabama” 

Skin Conductance -0.219 -0.345 
Corrugator EMG -0.366 0.174 

Shostakovich’s 
“Symphony #5, 4th 

Movement” 
Skin Conductance 0.194 -0.255 
Corrugator EMG 0.418 0.061 

Charles Mingus’ “Hobo 
Ho” 

Skin Conductance -0.198 -0.094 
Corrugator EMG -0.101 -0.124 

Rimsky-Korsakov’s 
“Scheherazade” 

Skin Conductance -0.124 -0.093 
Corrugator EMG -0.411 0.157 

Piazzolla’s “Tanquedia 
III” 

Skin Conductance -0.100 -0.088 
Corrugator EMG 0.369 -0.261 

Golijov’s “The Dreams 
and Prayers of Isaac the 

Blind” 
Skin Conductance -0.478 -0.014 
Corrugator EMG -0.401 0.135 

Rachmaninoff’s 
“Prelude #5 in G Major” 

Skin Conductance -0.112 0.050 
Corrugator EMG 0.213 -0.025 

Bach’s “Sarabande, 
Suite #6 in D Major” 

Skin Conductance -0.331 -0.038 
Corrugator EMG -0.461 0.231 

Ravel’s  “Piece en 
forme de Habanera” 

Skin Conductance -0.079 -0.051 
Corrugator EMG -0.609 0.047 

Tarrega’s                   
“Gran jota” 

 
4.  Discussion 
 
Overall, some predicted relationships occurred on averaged data.  However, these predicted relationships occurred 
only with some of the excerpts.  Since the experimenter did not quantify various characteristics of the excerpts used, 
the author is unable to empirically state why this differentiation occurred. 
   In addition, skin conductance does not seem to tap into a psychophysiological process that is closely tied with self-
reported activation over time.  This is evidenced by the existence of the same trend in skin conductance in every 
excerpt, regardless of the self-reported activation ratings.  Skin conductance seems to be a psychophysiological 
index of something different than what was measured in self-reported activation over time.  Thus, it appears that 
self-rated activation over time does not influence this commonly used psychophysiological measurement.  This 
finding is corroborated by other recent studies (Krumhansl, 1997; Witvliet, 1997) and casts doubt on the usefulness 
of skin conductance in studies of music-elicited emotion. 
   Finally, data from corrugator EMG analyses suggest that it may be related to self-rated pleasantness.  However, 
corrugator EMG seems to account for differences in self-rated pleasantness between individuals better than for 
changes in self-rated pleasantness over time.   
 
4.1.  methodological issues and suggestions for future research 
 
In further attempts to increase the validity of the current study, it would be interesting to use a more consistent 
sample.  This is important because it is conceivable that participants from different ethnic backgrounds may respond 
to various genres differently.  As a result, it would be pertinent to do research examining the relationship of self-
rated emotion and psychophysiology over time for different cultures.  For example, a researcher could study how a 
group of Portuguese individuals responded to a group of excerpts.  In addition, various levels of musical expertise 
may also convolute data.  Avant-garde classical may be pleasing to highly-trained musicians, but it could be quite 
irritating to those with lower levels of musical training.  Because of this, it would be important for future research to 
examine how groups of similarly musically-trained persons physiologically and emotionally respond to music.  
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Doing studies such as these that have similar subjects, be it from similar cultural backgrounds or musical training, 
would likely avoid these aforementioned subject effects. 
   Despite these concerns, it would be interesting to do further work which addresses the relationship of music to 
psychophysiology.  One possible approach would be to measure psychoacoustical features of the music (Cabrera, 
2001) and examine their correlation with psychophysiological indices.  It is possible that such an experiment would 
aid in the development of scientifically derived criteria by which music is selected for research.   
 
4.2.  summary 
 
In summary, this study used a two-dimensional model of emotion by which participants continuously rated their 
emotive experience; psychophysiological measurements of skin conductance and corrugator EMG were 
simultaneously gathered.  Predicted relationships occurred on averaged data.  However, the strongest predictor of 
skin conductance was not activation, but time.  On the other hand, fluctuations in corrugator EMG can be accounted 
for by self-rated pleasantness, at least for some exceprts.  In other analyses, the experimenter found that averaging 
data across individuals may obscure some relationships that may be seen otherwise for some excerpts.  Overall, 
these findings suggest that persons respond to different pieces differently, and future experimental stimuli selection 
and data analyses should be done with these differences in mind. 
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