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Abstract
Research on embodied emotions suggests that our ability to simulate bodily emotions enables us to better understand others’ emotions. Music has been shown to influence emotion processing, and music therapy is effective in improving social functioning. In this study, we explored the potential impact of emotional music on the processing of visual, whole-body, social cues. It was expected that listening to happy music would facilitate the visual perception of happy gait whereas listening to angry music would facilitate the perception of angry gait.  Furthermore, it was hypothesized that for neutral gait stimuli, the current mood state of the participant would bias the participant to ‘perceive’ emotion in the neutral stimuli in the non-music group. 
Fifty-six healthy participants were randomly assigned to three-music manipulation conditions happy music, angry music, or no music. The emotional gait perception task involved viewing a mannequin walker and deciding whether the walker looked happy or angry. Three types of gaits were presented: happy, angry, or neutral (no emotion).  Mood and personality traits of the participants were assessed with self-report questionnaires.
The results indicate that regardless of music manipulation, all groups were more accurate in detecting happy gait. Congruence of the valence of music and the valence of the gait stimuli did not influence the accuracy on the gait perception. There were no significant correlations between gait perception and mood or personality traits. Suggestions for a future study are described. 






Introduction

Understanding social cues and being sensitive to emotions are key factors in successfully engaging within one’s environment, and whole-body expressions of emotion are important in accurate emotion recognition (Van den Stock, Righart, & de Gelder, 2007).  Different psychopathologies have been characterized by deficits shown to have deficits in the area of emotion recognition or perception. In this study we looked at how music could be used to affect gait presented emotion perception to determine how to reduce emotion recognition deficits. These variables were examined in an exploratory manner by looking at healthy participants to potentially extend the study’s finding to those with schizophrenia, which is one of many psychopathologies to be affected by emotion recognition deficits.
The symptoms of schizophrenia, major depressive disorder, body dysmorphic disorder, and Huntington’s disease, are associated with impairments in emotion perception. These impairments hamper social functioning (Buhlmann, Etcoff, & Wilhelm, 2006; Henley, Novak, Frost, King, &Warren, 2011; Rubinow & Post, 1992; van Wingen et al, 2011). Firstly, many studies have shown that individuals with schizophrenia (SZ) have major deficits in emotion recognition in comparison to healthy controls (Edwards, Jackson, & Pattison, 2002; Kohler et al., 2003; Kohler, Walker, Martin, Healey, & Moberg, 2010; Muzekari & Bates, 1977; Mueser, Penn, Blanchard, & Bellack, 1997; Peterman, Christensen, Giese, & Park, 2014). Individuals with depression also improperly recognized facial affect and mislabeled emotion more so than those recovering from depression and healthy controls (Rubinow & Post, 1992; van Wingen et al, 2011). In addition, those with body dysmorphic disorder have been shown to misidentify emotions in real-life application tasks and have a bias toward recognizing negative emotions (Buhlmann, McNally, Etcoff, Tuschen-Caffier, &Wilhelm, 2004; Buhlmann, Etcoff, & Wilhelm, 2006). Also, studies suggest that those with Huntington’s disease are impaired in emotion recognition of negative and positive emotions (Henley, Novak, Frost, King, &Warren, 2011; Robotham, Sauter, Bachoud-Lévi, & Trinkler, 2011). Thus, each of these psychopathologies presents emotion recognition impairment in different ways. For an in depth analysis of how emotion recognition deficits can be mitigated, this study focused on schizophrenia, a model psychopathology due to its dense literature in the area of emotion recognition (Edwards, Jackson, & Pattison, 2002; Kohler et al., 2003; Kohler, Walker, Martin, Healey, & Moberg, 2010; Muzekari & Bates, 1977; Mueser, Penn, Blanchard, & Bellack, 1997; Peterman, Christensen, Giese, & Park, 2014). Schizophrenia has been intensely studied in the area of emotion of the face, but there has been very minimal discussion in the area of whole-body emotion perception to our knowledge. This study looks into emotional gait perception to expand this area for the field of schizophrenia. 
Schizophrenia is a chronic brain disorder that affects one percent of the population. Recovery is greatly hampered by social impairments. Individuals with schizophrenia (SZ) who have poor social functioning also have problems with emotion recognition (Hooker & Park, 2002; Pinkham & Penn, 2006). People with schizophrenia have difficulty with facial emotion perception (Edwards et al. 2002; Kohler et al., 2010), and these deficits are extended to the emotion expressed in gait (Peterman et al, 2014).  An individual’s gait can express present emotion (Barclay, Cutting, & Kozlowski, 1978; Dittrich et al. 1998; Ikeda & Watanabe, 2009). People with schizophrenia perform more poorly than controls in differentiating between emotions exhibited by the body when presented with biological motion via point light displays (PLDs; Blake & Shiffrar, 2007; Henry et al., 2010) and digital walkers or walking mannequins (Peterman et al., 2014; Roether, Omlor, Christensen, & Giese, 2009;). Peterman et al. showed that an SZ cohort presented with digital walking mannequins was less accurate than healthy controls at distinguishing between the emotions of gait. These data suggest that individuals with SZ are significantly impaired in their ability to extract emotion information from gait. Gait as a form of biological motion is a component of social interaction and a gateway for understanding social behaviors (Ikeda & Watanabe, 2009). For individuals with schizophrenia, learning how to perceive emotion could be a major component of helping them improve their social functioning and regain quality of life. There are several different social and emotional training techniques that are in use.  A common limitation amongst these programs is that they only focus on emotion exhibited by the face.   
[bookmark: _GoBack]Social Cognition and Interaction Training (SCIT) has been shown to be an effective adjunctive treatment for improved emotion perception in individuals with schizophrenia (Roberts & Penn, 2009). It consists of treatment that pinpoints emotion perception dysfunction, attributional biases, Theory of Mind dysfunctions, and working through interpersonal problems (Roberts & Penn, 2009). After a twenty-week manualized program, those with schizophrenia showed significant improvement within emotion perception (Roberts & Penn, 2009). In another study, Social Cognitive Skills Training (SCST) was also shown to improve affect perception better than standard illness management training and other treatments when administered to stable outpatients with psychosis (Horan et al. 2011). The training consisted of sessions that taught skill-building strategies for improved social cognition. Skills were broken down into their core components and reviewed over subsequent sessions. This training also includes a second portion that includes SCIT. Though these two trainings have been shown to be effective in emotion recognition (Roberts & Penn, 2009; Horan et al. 2011), they both focus on emotion recognition that involves facial affect rather than whole-body emotion recognition.  A form of training that works to improve whole-body emotion perception as well could reduce these deficits to a greater degree. 
There is reason to believe that by intensifying the multi-sensory, emotional input, socio-emotional cues of the face and body could be recognized more effectively by individuals with SZ. A multi-sensory approach would encompass not only the visual cue that is afforded to individuals by engaging in their environment but also a congruent auditory stimulus, such as music. By training individuals with emotional, auditory musical stimuli, they may be able to utilize skills acquired in these training sessions to navigate through various situations that acquire improved whole-body emotion recognition. Thus, music could be utilized as an auditory training tool for this effect. 
		Music has been shown to influence and produce emotion (Gomez, 2004; MacRae, 1992). Music has been shown to be very influential within our human societies and even our bodies. Many restaurants use background music to influence their patrons. Consumers are swayed by the music in ads, and audiences are guided, sometimes unconsciously, by cinematic musical scores to recognize certain emotions (Milliman, 1986; Alpert, Alpert, & Maltz, 2005; Meyer, 1956). 
		Music has been shown to affect different neurological systems to bring about emotional responses. For example, the amygdala, which is a part of the limbic system that is crucial in the processing of various emotions, is stimulated by pleasant and unpleasant music (Koelsch et al., 2006). Also, a positron emission tomography (PET) study showed that dopamine is released from the striatal reward systems when listening to music, and it induces a form of music-based pleasure (Salimpoor, Benovoy, Larcher, Dagher, & Zatorre, 2010). Thus, there is evidence on the brain structural system level neurological and the chemical (biological) level that people experience arousal from listening to preferred music. Furthermore, people who share the same culture have been shown to have very similar emotional responses to music, and general emotional music perception develops at a young age, generally by the age of six  (Bigand et al., 2005; Dolgin & Adelson, 1990; Juslin & Laukka, 2003; Terwogt & Van Grinsven, 1988). Thus, this study explored whether guiding an individual with emotional, musical cues, could help individuals become more sensitive to socio-emotional cues of the face or body to enhance emotion recognition. 
		Music therapy is a non-invasive approach for improving cognition and social functioning. Tang, Yao, & Zheng (1994) found that after music therapy, individuals with schizophrenia showed reduced negative symptoms, improved ability to converse with others, diminished social isolation, and increased interest in the external environment. This music therapy consisted of singing in groups or playing on instruments (Tang et al., 1994). After these sessions, negative symptoms and social competence were assessed, and the treatment group demonstrated less affective flattening, poverty of speech, low motivation, disinterest, and attention deficit. Another study also showed evidence that music therapy reduced both negative and positive symptoms (Peng et al., 2010). 
The goal of the present study was to extend the scope of the Peterman et al. (2014)’s study, which consisted of measuring emotion recognition ability of those with schizophrenia. Peterman et al (2014) examined how people with schizophrenia compared to healthy controls when distinguishing emotional gait of walking mannequins. The present study aimed to examine the effects of using music to induce mood to change emotional gait perception in relation to schizotypal traits.  Using a healthy schizotypal population as an analog of schizophrenia has advantages. One important advantage is that potential medication effects are eliminated. Thus, this pilot study was conducted to determine if emotional, musical context could improve accuracy of emotion perception.
It was predicted that listening to emotionally valenced music would enhance the detection of congruent emotional cues in the environment.  For example, listening to happy music would facilitate perception of happy cues but not negatively-valenced cues such as angry-looking stimuli.  Additionally, it was predicted that for non-emotional stimulus, the internal mood state of the participant would determine how he/she perceives that stimulus. For example, if one is angry while listening to neutrally-valenced music, one might perceive a neutral facial expression to be angry based on internal emotions. It was predicted that previous musical experiences might sensitize the participants to be more sensitive to the effect of the mood induction via music (Juslin, 2008).  
Lastly, personality traits might interact with mood induction and emotion perception. Schizotypal traits are expected to be associated with difficulty perceiving emotion from gait. In addition, alexithymia, the inability to verbalize emotions, could impair one’s ability to respond to emotional music as well as one’s ability to recognize embodied emotion in gait.

Methods
Participants
	Fifty-six participants (44 women) were randomly assigned to one of three music conditions: Neutral, Happy, and Angry Music conditions. The participants were recruited from Vanderbilt University through the online SONA-spell this out research study sign-up system and class announcements. The participants’ mean age was 19.82 (1.081). Forty-three were Caucasian. Forty-five were right handed. We excluded participants with present hearing loss or auditory issues. All participants gave informed consent and were given two SONA credits for their participation. 
Table 1. Demographic Information
	
	Angry Music Group
	Happy Music Group
	Non-Music Group
	All groups

	N
	18
	18
	20
	56

	Age, years
	19.61 (1.195)
	19.78 (1.003)
	20.05 (1.05)
	19.82 (1.081)

	Gender, n
	
	
	
	

	    Male
	6
	2
	4
	12

	    Female
	12
	16
	16
	44

	Race, n
	
	
	
	

	    White
	14
	14
	15
	43

	    Other
	4
	4
	5
	13

	Handedness, n
	
	
	
	

	    Right-handed
	15
	14
	16
	45

	    Other
	3
	4
	4
	11



Design
	Subjects were randomized to one of the three music manipulation conditions; Neutral (no music), happy music, and angry music.  Those in the emotional music conditions listened to music clips selected to induce happy or angry mood. Mood was assessed before and after music manipulation. The participants assigned to the neutral group were not exposed to any music.
All participants filled out the self-report measures and participated in the gait perception task. The gait perception task consisted of happy stimuli, angry stimuli, and neutral (no emotion) stimuli. 

Material, Stimuli and Procedure
Musical Stimulus. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]The music used to potentially influence and enhance emotion recognition within the Happy/Angry Music conditions was used previously in a study of dementia and Alzheimer’s disease (Omar et al. 2010).  Some songs from this study were excluded due to probable over-familiarity within the sample group to avoid a potential confound that might influence emotion recognition. Ten songs from the study were used for this study. They were spliced to include only the most emotional portions within each piece using Mac’s Garage Band.  The separate musical segments were joined into two mixed tracks - one for the happy emotion and the other for the angry emotion. A complete list of the songs used can be found in Table 2.
Table 2:
This table includes songs used that were pre-validated to convey the happy and angry emotions.
	Happy
	Angry

	Big Country Theme (Moross)
	Mars, from The Planets (Holst)

	Capriccio Espagnol: Alborada  (Rimsky-Korsakov)
	New World Symphony: Allegro (Dvorak)

	Capriccio Espagnol: Fandango (Rimsky-Korsakov)
	New World Symphony: Scherzo (Dvorak)

	Marriage of Figaro Overture (Mozart)
	Symphony No. 5: Allegro non troppo (Shostakovich)

	Ma Vlast: Vltava (Smetana)
	Symphony No. 6: Storm (Beethoven)




Self-Report Measures
The Emmanuel College Musical Questionnaire (EMCQ; Zhao et. al 2012): Participants answered questions concerning prior music education and general musical experiences. (See attached Appendix A).
The Schizotypal Personality Questionnaire (SPQ):  Participants completed a 74-item self-report measure of schizotypy that consists of three factors and nine subscales (SPQ; Raine, 1991). There was an unexpected group difference in the total SPQ scores (F(2,53)= 6.2917, p=0.0035).  The non-music group had higher SPQ score than the other two music groups (M = 22.3, SD =9.34) and music groups (M = 13.8, SD = 8.81), (F(1,54)= 11.443, p=.001). (See attached Appendix B).
The 20-Item Toronto Alexithymia Scale (TAS-20): Participants complete this survey that measures three dimensions of the alexithymia construct. It measures difficulty identifying feelings (DIF), difficulty describing feelings (DDF), and externally-oriented thinking (EOT) (Bagby, Parker, & Taylor, 1994).  Each participant was asked to rate the degree to which they agreed to each item on a five-point Likert scale. There was an unexpected group difference in the total TAS-20 scores (F(2,53) = 3.19, p=0.049).  The non-music group (M = 53.35, SD = 5.21) had higher TAS-20 score than the music groups and music groups (M = 50.06, SD = 6.97), (F(1,54)= 3.40, p=.071). (See attached Appendix C).
The Positive and Negative Affect Schedule (PANAS): Participants were asked to complete the 20-item PANAS (Watson & Clark, 1988b) for mood evaluation before and after the gait task. Mood has been shown to affect emotional perception of music (Juslin, 2008). (See attached Appendix D).

Gait Perception Task 
Volumetric polygonal avatars (also referred to as digital walking mannequins) were used to test participants’ ability to extract emotional cues from social stimuli. Volumetric polygonal walkers were adapted from a previous study (see Peterman et al., 2014). A detailed description of the development of these gait stimuli can also be found elsewhere (Giese & Lappe, 2002; Roether et al. 2009).  
The gait stimuli were displayed on a computer screen. The size of each walking mannequin was about 391 pixels at the center of the screen. The displayed mannequin was tilted forward to the left (as shown in figure 1), and it expressed happy, neutral, and angry cues (Roether et al. 2009).  There were three emotional intensity levels expressed in the gait within both the happy and angry emotions. For the neutral (no emotion) walking mannequin, there was one level of intensity. The three intensities within each emotion were exaggerated (150%), prototypical (100%), and attenuated (50%). The angry and happy gaits within these three intensities differed in posture, arm swinging, and leg positioning. The neutral walking mannequin did not include any variations in these actions. An example of the stimuli utilized is shown in Figure 1 (Peterman et al. 2014).
	Emotional context of the task was manipulated by music in three different groups of subjects.  There were three between-group conditions for the gait task: the Neutral (no music) condition, the happy music condition, and the angry music condition. Within each music condition, there was a total 224 gait perception trials, with 32 neutral (no emotion) gait trials, 96 happy gait trials, and 96 angry gait trials. These trials were grouped into 8 blocks of 28 trials each (24 trials with emotional gait and four no-emotion, neutral gait trials). Participants were not made aware of the existence of neutral (no emotion) trials. Trials were randomized within each block. 



Figure 1. Emotional gait stimuli (polygonal walkers)
[image: ]

Procedure
After the informed consent was obtained, participants completed the demographics form, SPQ, TAS-20, PANAS, and EMCQ, in that order on the RedCap website. 
Each participant was then asked if he or she had hearing problems or auditory issues. If no auditory issues were endorsed, the experimenter began the study. 
The two music groups listened to the music via a headphone during the gait task. The sound volume was kept at the midpoint of sound level unless the subject stated it was too loud for comfort or too soft for perception.  The subjects in the neutral (no music) condition did not listen to music. 
Participants were given an overview of the gait task and detailed instructions. For each trial, they were asked to view a walking mannequin for 3 seconds and determine whether the stimulus looked happy or angry.  They were asked to press the “A” key for happiness with the left hand and the “L” key for Anger with the right hand. There was no time limit for their response.
There were three types of polygonal walkers: happy, angry and neutral (no emotion). The participants were not told about the no-emotion, neutral walker. Since neutral walkers do not display emotion, the internal mood state of the participants would bias their perception of the walker.  
After finishing the gait task, the participants were asked to complete the PANAS again. After the participant completed the second administration of the PANAS, the experimenter gave a debriefing.

Scoring
	Accuracy was calculated for each intensity (50%, 100%, 150%) of the gait stimuli. The scores from the trials at the 50% intensity (the most difficult level) were the only ones that were used for analysis because the accuracy scores for the other two intensity levels were at ceiling with almost no errors. Accuracy for angry and happy gait for the 50% intensity trials was used for statistical analyses.
Data Analysis
Accuracy scores for the neutral (no emotion) condition and for the 50% intensity level for the two emotion conditions were used for data analysis, using SPSS (Windows version 17.0 software; SPSS Inc.) and R (R Core Team, 2013).  Accuracy for 100% and 150% intensity trials were at ceiling. Therefore, these trials were not included in the statistical analyses. 

Group differences were tested with analysis of variance (ANOVA), analysis of covariance (ANCOVA) and independent t-tests. Spearman’s rank order correlation was used to examine relationships among self-report measures and gait task performance. All analyses were two-tailed unless otherwise stated. Bonferroni’s correction was applied for multiple comparisons. Partial eta-squared and effect sizes were reported. One participant trial was omitted due to this participant disrupting the task.

Results
Table 3 summarizes the means and SD for the self-report measures and the gait perception task accuracy scores.





Table 3. The average percentages of accurate scores on the gait task at each intensity level and the scores from the self-report measures are reported below. 
	Gait Perception Accuracy Percentages & Self Report Measure Scores
	Angry Music Group
	Happy Music Group
	Non-Music Group
	All Groups

	Total Gait Percent Accurate 
	89.87%(6.48%)
	89.87%(5.23%)
	87.16%(5.90%)

	88.91%(6.09%)

	Total Gait Percent Accurate (Happy Valence)
	97.57%(2.37%)
	95.83%(3.93%)

	96.41%(5.13%)
	96.59%(4.07%)

	Total Gait Percent Accurate (Angry Valence)
	82.18%(13.26%)
	83.91%(9.65%)
	77.92%(13.12%)
	81.21%(12.53%)

	Total Gait Percent Accurate at 150%
	95.83%(6.25%)
	97.48%(2.95)
	96.48%(3.51%)
	97.02%(3.47%)

	Gait Percent Accurate at 150% (Happy Valence)
	98.43%(2.09%)
	97.39%(4.45%)
	97.97%(3.40%)
	97.94%(3.50%)

	Gait Percent Accurate at 150% (Angry Valence)
	95.83%(6.25%)
	97.57%(3.22%)
	95.00%(6.44%)
	96.09%(5.69%)

	Total Gait Percent Accurate at 100%
	93.23%(6.78%)
	93.84%(5.64%)
	91.17%(6.77%)
	92.69(13.19%)

	Gait Percent Accurate at 100% (Happy Valence)
	98.43%(2.53%)
	97.04%(2.65%)
	96.88%(4.53%)
	97.44(3.47%)

	Gait Percent Accurate at 100% (Angry Valence)
	88.02%(12.83%)
	90.62%(10.52%)
	85,47%(13.23%)
	87.94(12.56%)

	Total Gait Percent Accurate at 50%
	79.25%(11.64%)
	78.29%(10.18%)
	73.83%(10.33%)
	77.02%(11.12%)

	Gait Percent Accurate at 50% (Happy Valence)
	95.83%(4.05%)
	93.06%(7.18%)
	94.38%(9.76%)
	94.41%(7.53%)

	Gait Percent Accurate at 50% (Angry Valence)
	62.85%(25.06%)
	63.54%(20.6%)
	53.28%(25.28%)
	59.66%(24.50%)

	Percent of Neutral Perceived as Happy
	77.60%(15.68%)
	77.60%(17.25%)
	80.31%(21.17%)
	78.56%(18.41%)

	Percent of Neutral Perceived as Angry
	22.40%(15.68%)
	22.40%(17.25%)
	19.69%(21.17%)
	21.43%(18.41%)

	SPQ
	15.39 (10.24)
	12.22 (7.06)
	22.3 (9.34)
	16.83 (9.82)

	TAS-20
	16.17 (10.18)
	13.06 (6.96)
	23.05 (9.34)
	17.73 (10.49)

	Weekly Hours of Passive Music Engagement 
	6.33 (2.58)
	6.08 (3.16)
	5.55 (2.84)
	5.97 (2.84)

	Weekly Hours of Active Music Engagement
	.72 (1.37)
	.27 (.88)
	1.6 (2.77)
	.89 (1.94)




There was no group difference in gait perception (F(2,53) = 1.283, p = .286), so we collapsed the three groups for many of the analyses reported below. We were able to do this because the music manipulation did not induce a change in mood.  Pre-collapsed and post-collapsed correlations are reported. 

Effects of Music and Mood on Gait Perception
There was no evidence of mood changes after listening to music. In the angry music group there was no change in positive emotion (F(1,36) = .740, p = .396) or negative emotion (F(1,36)= 2.069, p=0.159).  There was no evidence of changes in PANAS scores after listening to music in the happy music group in positive (F(1,36) = .578, p=.452) or negative mood (F(1,36) = 2.026, p = 0.164) either.  Therefore, the results indicate that mood induction did not work in this study.
Across all groups at baseline, there was no correlation between gait perception and baseline positive PANAS scores (rs(54) = -.112,  p = .410) or baseline negative PANAS scores (rs(54) = -.081,  p=.554).  There were no significant correlations between gait accuracy and positive PANAS scores (F(1,17) = .422, p = .954, n2 = .284) or negative PANAS scores (F(1,17) = 1.61 ,p = .140, n2 = .429). 

Congruent and Incongruent Emotional Music and Emotional gait
This study investigated the effect of emotional music on affective gait perception by examining the accuracy of gait perception for “congruent” (happy music and happy gait, angry music and angry gait) and “incongruent” (happy music and angry gait, angry music and happy gait) trials. 
When the happy music group listened to happy music, they were more accurate at identifying the emotion associated with the gait (M = 29.78, SD = 2.37) than when the angry music group listened to angry music (M = 20.11 SD = 8.48),  (F(1,34) = 15.77, p<.0004).  
There was a significant effect of valence for incongruent configuration. The angry music group was more accurate at identifying happy gait (M = 30.6, SD = 1.37) than the happy music group was at identifying the angry gait (M = 20.33, SD = 6.79) (F(1,34) = 32.027, p<.0001).  
There was also a significant difference between the congruent and incongruent trials within each emotion group. For the angry music group, recognizing angry gait, (M = 20.11 SD = 8.48) was significantly worst than recognizing happy gait (M = 30.67, SD = 1.37) (t(17) = -5.21, p < .00001, Δ=1.25). The happy music group also performed significantly better when recognizing happy gait (M = 29.78, SD = 2.37) than when recognizing angry gait (M = 20.33 SD = 6.79) (t(17) = 5.57, p <.001, Δ= 3.98) . Also, the angry music group (M = 50.72, SD = 7.45) and happy music group (M = 50.11, SD = 6.51) were not found to have better accuracy in recognizing emotion more so than the non-music group  (t(37) = 1.48, p = .15),  (t(37) = 1.32, p = .19).   



Correlations
SPQ & Gait Accuracy: There was no correlation between SPQ and gait accuracy at the 50% intensity level across the three music groups (rs(54) = -.015,  p =.910). 
Prior Music Experience and Gait Accuracy: Neither active nor passive prior experience in music was associated with accuracy on the gait task. No significant correlations were found across groups at baseline for active prior musical experience (rs(54) =.136,  p =.316) or passive musical experience (rs(54) =.061,  p = .655). No significant differences were found for active (F(1,55) = 2.299, p = .110, n2 = .081), or passive music experience (F(1,55) = 1.227, p = .301, n2 = .045). 
TAS-20, SPQ, and Accuracy: At baseline across all groups, there was no correlation between gait accuracy and TAS-20 (rs(54) =.012,  p = .931). Across all groups, there was a significant correlation between SPQ and TAS-20 scores (rs(54) = .539, p =.0039). Higher SPQ was associated with higher TAS-20 scores.

Happy Bias
At baseline, we examined all three groups’ neutral trials to determine if there was a bias toward endorsing happy or angry emotion in gait.  When judging the neutral gait of the walking mannequin, the groups were biased toward happy emotion recognition. Paired t-tests were used to examine these biases, and an ANOVA was used to analyze group differences. There was a significant difference between the number of neutral trials perceived as happy (M = 25.14, SD=5.89) and the number of neutral trials perceived as angry (M = 6.86, SD = 5.89) (t(55) = 
-11.61, p < .001).  Across all 3 groups, there was no group difference in the tendency of subjects to endorse neutral gait as happy rather than angry (F(2,56)= .135, p=0.874).  An ANCOVA was then used to show that SPQ did not have a significant effect on the tendency to view the neutral gait as happy rather than angry (F(1,55) = .014, p =.986, n2 = .001). They all tended to rate the neutral gait as happy. An ANCOVA was also used to show that TAS-20 did not have a significant effect on the tendency to view the neutral gait as happy more so than angry either (F(1,55) = 1.182, p =.358, n2 = .394). Also, this happy bias extended to the other gait trials as well. Participants tended to always perform more accurately when recognizing happy gait in comparison to angry gait in all groups and at all intensities. (t(55) = -8.73137, p < .00001). 


Discussion 
This study examined the effects of music-induced mood on emotion recognition from gait in healthy students. Participants were asked to observe walking mannequins that displayed happiness or anger within their gait, while listening to angry, happy or no music. Though the musical manipulation did not result in changes in mood, we found differences between the congruent and incongruent trials. The happy music group performed best during congruent settings, and the angry music group performed best during incongruent setting. Both groups were most accurate when identifying happy gait. The music groups were not found to have better accuracy in recognizing either emotion more so than the non-music group.  
All three groups (music or no music) tended to perceive the neutral walker (no emotion) as happy. Baseline PANAS scores did not influence this effect.  Lastly, schizotypy, alexithymia and prior music experience had no effects on emotional gait perception. 
These findings suggest that the music did not enhance emotion perception in this experiment, perhaps because there was no change in mood after listening to music. It is possible that participants might have not attended to the music throughout the task, or the music clips used in this study did not have the intended effects on the participants. 
The results of this study contradict findings from a previous study by Bouhuys, Bloem, & Groothuis (1994) that showed significant effects of music on emotion induction. In this study, the investigators tested face emotion perception only in the participants who had a significant change in their emotions upon mood induction. In this study, the sample size was too small to select only those who showed mood changed upon listening to music. Future studies should only examine emotion perception in subjects for whom the mood induction strategy worked.  
Induction of mood through music is not a foolproof method, and it is difficult to evaluate whether the induction worked or not.  Though the present study followed the standard protocol of typical Musical Mood Induction Procedure (MMIP; Gerrands-Hesse, Spies, & Hesse, 1994), it did not induce emotion. Quantifying and measuring mood induction effect is difficult (Gabrielson & Lindstöm, 2001), and most MMIP studies have used only self-report measures to evaluate the validity of musical mood induction (Västfjäll, 2002). 
Methodological problems of assessing mood also may have compounded the difficulty of evaluating whether the musical mood induction worked or not. The PANAS has good validity and reliability, but it may not have been sensitive enough to capture subtle changes in mood through music. There are alternatives to PANAS. The Visual Analogue Scale (VAS; Wewers & Lowe, 1990; Västfjäll, 2002), for example, a self-report measure that is “anchored by a mood adjective” could also be used to gather specific changes in defined and discrete emotions. VAS might have allowed for more exact measurements of specific mood changes. 
Lastly, the moods that are induced by music should be more properly described as positively or negatively valenced, instead of discrete emotions (Clark, 1983). Some challenges associated with inducing a single emotion are that inducing a single emotion such as anger involves contextual and individual differences. There are large individual differences in music perception as well as in the impact of music on internalized mood (Gabrielsson & Lindstöm, 2001). 
The choice of music used in this study might have had some influence as well. All the music clips were classical and some of the participants might not have been able to emotionally connect to this genre. Prior experience with music (hours of active and passive music engagement) was interestingly not associated with emotional gait perception or any of the personality measures. Music training or experience did not impact the musical mood manipulation.  Higher pitch and fast tempo are associated with both happy and angry music, but the minor keys, timbre, and dissonance of the angry music could influence mood. These musical elements, however, did not seem to affect gait perception accuracy as there was no relationship between music experience and any of the gait measures. 
Although there was no evidence of mood induction, there was an interesting effect. Participants did very well in happy gait recognition and had a general tendency of endorsing happy gait, even in the neutral trials. This ‘happy bias’ might reflect the general social environment surrounding our participants who were all students at an elite college in the southern United States. In this particular cultural milieu, opportunities to observe an angry person approaching are rare. On the other hand, it is not rare to see happiness and elation in the way people move. Supporting this view is that recent national surveys have reported Vanderbilt students to be the happiest in America. 
An important limitation of this study was that the participants were healthy college students, all of whom (except one) had average scores on TAS and SPQ scales. The restricted range of scores and high accuracy rates in our participants could have reduced the probability of detecting an effect. One interesting finding was that SPQ and TAS were correlated. This was not surprising since schizotypy has been associated with alexithymia in previous studies (Aaron, Benson, & Park, 2015; Raine & Phil, 1991). However, further study is needed to clarify this potential relationship.
As we move forward to a future study, there are several challenges. More sensitive measures such as the Visual Analog Scale and a larger sample size will be helpful. In addition, only testing emotion perception in those whose mood actually changed via music would allow us to link music-induced mood and gait perception more directly.  To improve the mood induction process, it might be helpful to have the subjects listen to the music first without the task because it could help the subjects actually process the music and therefore increase the probability of mood induction. 
Understanding how we detect other people’s emotions and how we can support emotion perception is important for improving efficacy of music therapy. Further research in this field could eventually help those with severe psychiatric conditions.
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Appendix A
Emmanuel College Musical Questionnaire (EMCQ; Zhao et. al 2012)
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Appendix B
Schizotypal Personality Questionnaire (SPQ; Raine, 1991)
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Appendix C
20-Item Toronto Alexithymia Scale (TAS-20; Bagby, Parker, & Taylor, 1994)
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Appendix D
Positive and Negative Affect Schedule (PANAS; Watson & Clark, 1988b)
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Congruent vs. Incongruent 
Gait Perception Score Accuracy
Angry Music Group	Happy Music Group	Angry Music Group	Happy Music Group	Congruent	Congruent	Incongruent	Incongruent	20.11111111111111	29.77777777777778	30.66666666666667	20.33333333333328	Groups

Score Accuracy 
Percentage of Neutral Gait Endorsed as Happy
Percentage of Neutral Gait Endorced as Happy	Angry Music Group	Happy Music Group	Non-music Group	77.60416666666563	77.6041666665625	80.3125	Group
Percentage 
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Emmanuel College Music Background Questionnaire 
Basic Version 1.0 



 
Please first provide your basic information. 



1. Name: ____________________ 



2. Gender:   Male / Female 
3. Age:  ____________________ 



4. E-mail:  ____________________ 



 
Please answer the following questions to the best of your knowledge. 



5. Please rate your overall interest in Music according to the following scale  
 



Not interested   Neutral   Very interested 



1 _________ 2_________3_________4_________5_________ 



6. Please rate your overall Music ability according to the following scale  
 



Poor    Average   Excellent 



1 _________ 2_________3_________4_________5_________ 



7. How many hours per week do you spend listening to music?_____________ 
 
8. What genre(s) do you listen to most? (check all that apply) 



x Classical 
x Country 
x Jazz 
x Rock 
x Pop 
x Non-western 
x Other: (please specify) _____________ 



 
9. Most of the time, when you listen to music, you are 



1. not focused on the music, attending to a different task  
2. passively listening 
3. highly aware of musical nuances such as key changes, harmonies, etc. 
4. actively engaged (sing along, tap the beat, etc.) 



 
10. About how many hours of musical activity do you engage in each week currently? (e.g. 
practice, performance) _______ 
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11. Have you ever participated in a musical ensemble?  
x No 
x Yes, instrumental ensemble 
x  Yes, vocal ensemble 
x Yes, both instrumental and vocal 



 
12. If you answered YES to question 11, please indicate how many years you have participated 
in the music ensemble  



______________________ years 
 
13. Please list any instrument(s) that you play (including voice) and the years you play each of 
them, beginning with your primary instrument:  
 Instrument:      Years playing: 
 ___________________    ____________ 
 ___________________    ____________ 
 ___________________    ____________ 
 
14. Have you ever had any formal training in music? (If you are a self-taught musician, please 
also answer YES)  



x YES, I had a formal training in music 
x YES, I consider myself a self-taught musician  
x NO 



 
Please continue this form if you answered YES to question 14, otherwise please go directly 
to question 19. 
 
15. What type(s) of music training have you had? (check all that apply) 



x private/small group lessons in instrument and/or voice 
x institutional training 
x University degree in music - list degree: _____________ 
x self-taught 
x other (please specify): _________________ 



 
16. At what age did you begin to study music?  _______ 
 
17. How long did your formal music training last?  ________ years 
 
18. How long has it been since you last participated in formal music lessons?  



x Currently have one  
x Or ____________ years   



    
19. If there is anything else that you feel is interesting or important about your musical 
background, please comment below: 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
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Table 1.

Quostionnaire

Items for the nine subscales In the final 74-ltem version of the Schizotypal Personality

1deas of Reference

1

10.

1.

ar.

4.

00 you sometimes feel that
things you ses on the TV or
r0ad in the newspaper have
a special meaning for you?
1 am aware that people no-
tice me when 1 go out for a
meal or 1o 00 a fiim,

Do some people drop hints.
about you or say things
with a double meaning?
Have you over noticed a
common event or object
that seemed 10 be a special
sign for you?

00 you sometimes see spo-
clal meanings in advertise-
ments, shop windows, or In
the way things are arranged
around you?

When shopping do you get
the fesling that other peo-
plo are taking notice of
you?

When you see people talk-
ing to each other, do you
often wonder If they are
talking about you?

Do you sometimes foel that
other people are watching
you?

D0 you sometimes fee! that
people are talking about
you?

Excossive Soclal Anxlety

"

1 sometimes avold going to

places whers there will be

many people because | will

g8t anxious.

1get very nervous when |

have to make polite conver-
ation.

Do you ever get nervous

‘when someone Is walking

behind you?

29,

7

0dd

3
12
21

)

39,

ar,

55.

1 got anxious when mosting
people for the first time.

00 you often feel nervous
when you are in a group of
unfamiliar people?

fool very uncomfortable In
soclal situations Involving
unfamiliar people.

1 would feal very anxious If
1 had 10 glve a spaach In
front of a large group of
paopl

ool vary uneasy talking to
people | do not know well.

s or Magical Thinking
Havo you had experiences
with the supernatural?

D0 you belleve In telopathy
(mind-reading)?

Aro you sometimes sure
that other people can tall
what you are thinking?

0 you balleve In clairvoy-
ancy (psychic force:

tune telling)?

Gan other peaple feel your
foelings when they are not
there?

Have you had experiences
with astrology, seeing the
future, UFOs, ESP, o a
sixth sanse?

Have you ever felt that you
are communicating with an-
other person telepathically
(by mind-reading)?

Unusual Porceptual Experiences

4

1.

Have you often mistaken
objects or shadows for peo-
ple, or nolses for voices?
Have you ever had the

s6nse that some person or
force Is around you, even
though you cannot see any-
one?

22 When you look at a person,
or yoursel In a mirror, have
You ever seen the face
chango right before your
oyos?

31. 1 often hear a voico speak-
ing my thoughts aloud.

40. Have you ever seen things.
Invisible to other people?

48. Do overyday things seem
unusually large or small?

56, Does your sense of smell
somatimes bacom unusu-
ally strong?

61. Do you ever suddeny f
distracted by distant
s0unds that you are not
normally aware of?

64. Aro your thoughts some-
times 50 strong that you
can almost hoar them?

0dd or Eccontric Behavior

5. Other people 360 me as
slightly eccentric (odd).

14, People sometimes
‘comment on my unusual
mannerisms and habits.

23, Sometimes other people
think that | am a little
strange.

32. Some people think that |
am a very bizarre person.

67. 1 am an odd, unusual
porson.

70. 1 have some eccentric (odd)
habits.

74, People sometimes stare at
mo because of my odd
appearance.

No Close Friends

6.1 have little Interest in get-
ting to know other people.

15. 1 profor to keep mysalf to
myself.

24. | am mostly quiet when
with other people
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Questionnalre—Continued

In the final 741tem ver

lon of the Schizotypal Personality

No Close Friends—Continued

33, 1ind It hard to be emotion
ally close to othor peoplo.

41, D0 you feel that there Is no
one you are really close to
outside of your immediate
family, or people you can
confide In o talk to about
personal problema?

49. Wlting letters to friends Is
more trouble than It Is
worth,

57. 1 tend to keep In the back-

ground on soclal occaslons.

62. 1 attach little Importance to
having close friends.
6. Do you feel that you cannot
to people?

find t
hard to understand what |
am saying.

16. | sometimes jump quickly
from one topic to another
when speaking.

25. 1 sometimes forgat what |
am trying 10 say.

34. 1 often ramble on too much
when speaking.

42

50.
58,

60,

7

Some peoplo find me a bit
vague and elusive during a
conversation.

1 sometimes u
unusual ways.
00 you tend to wander off
the topic when having a
conversation?

1find it hard to communi-
ato cloarly what | want to
8ay to people.

Peoplo occaslonally com-
ment that my conversation
Is confusing.

words In

Constricted Affoct

17,
26,
3.
4.

51

People sometimes find me
aloof and distant

1'am not good at expressing
my true foelings by the way
1 talk and look.

1 rarely laugh and smile.

My “nonverbal’ communi-
cation (smiling and nodding
during a conversation) is
not very good.

1'am poor at returning so-
clal courtesles and
gestures.

T'tend 1o avold eye contact
when conversing with others.

7.

18,

2.

.

52,

1 do not have an expressive
and lively way of speaking.
I1end to keep my feelings

1 am sure | am boing talked
about behind my back.

Do you often feel that other
peopla have It In for you?
Do you sometimes get con-
comed that friends or co-
workors aro not really loyal
o trustworthy?

I eel I have to be on my
‘guard even with friends.

Do you often pick up hid-
don threats or putdowns
from what people say or
do?

Have you found that It is
best not 1o let other peo-
plo know 100 much about
you?

1 often feel that others have
it in for me
Do you often have to keep
an eye out 1o stop people
from taking advantage of
you?

o 1 pant.
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Please answer the following questions, using the scale provided: 



 



(1) Completely disagree 



(2) Disagree 



(3) Neutral 



(4) Agree 



(5) Completely agree 



 



TAS 



 



1. I am often confused about what emotion I am feeling. 1  –  2  –  3  –  4  –  5 



2. It is difficult for me to find the right words for my feelings. 1  –  2  –  3  –  4  –  5 



3. I have physical sensations that even doctors don’t understand. 1  –  2  –  3  –  4  –  5 



4. I am able to describe my feelings easily. 1  –  2  –  3  –  4  –  5 



5. I prefer to analyze problems rather than just describe them. 1  –  2  –  3  –  4  –  5 



6. When I am upset, I don’t know if I am sad, frightened, or angry. 1  –  2  –  3  –  4  –  5 



7. I am often puzzled by sensations in my body. 1  –  2  –  3  –  4  –  5 



8. I prefer to just let things happen rather than to understand why they 



turned out that way. 



1  –  2  –  3  –  4  –  5 



9. I have feelings that I can’t quite identify. 1  –  2  –  3  –  4  –  5 



10. Being in touch with emotions is essential. 1  –  2  –  3  –  4  –  5 



11. I find it hard to describe how I feel about people. 1  –  2  –  3  –  4  –  5 



12. People tell me to describe my feelings more. 1  –  2  –  3  –  4  –  5 



13. I don’t know what’s going on inside me. 1  –  2  –  3  –  4  –  5 



14. I often don’t know why I am angry. 1  –  2  –  3  –  4  –  5 



15. I prefer talking to people about their daily activities rather than their 



feelings. 



1  –  2  –  3  –  4  –  5 



16. I prefer to watch “light” entertainment shows rather than 



psychological dramas. 



1  –  2  –  3  –  4  –  5 



17. It is difficult for me to reveal my innermost feelings, even to close 



friends. 



1  –  2  –  3  –  4  –  5 



18. I can feel close to someone, even in moments of silence. 1  –  2  –  3  –  4  –  5 



19. I find examination of my feelings useful in solving personal 



problems. 



1  –  2  –  3  –  4  –  5 



20. Looking for hidden meanings in movies or plays distracts from their 



enjoyment. 
1  –  2  –  3  –  4  –  5 
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I prefer to just let things happen rather than to understand why they 
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Being in touch with emotions is essential.  1  –  2  –  3  –  4  –  5 
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I find it hard to describe how I feel about people.  1  –  2  –  3  –  4  –  5 
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I don’t know what’s going on inside me.  1  –  2  –  3  –  4  –  5 
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15.

 

I prefer talking to people about their daily activities rather than their 

feelings. 

1  –  2  –  3  –  4  –  5 

16.

 

I prefer to watch “light” entertainment shows rather than 

psychological dramas. 

1  –  2  –  3  –  4  –  5 

17.

 

It is difficult for me to reveal my innermost feelings, even to close 

friends. 

1  –  2  –  3  –  4  –  5 

18.

 

I can feel close to someone, even in moments of silence.  1  –  2  –  3  –  4  –  5 

19.

 

I find examination of my feelings useful in solving personal 

problems. 

1  –  2  –  3  –  4  –  5 

20.

 

Looking for hidden meanings in movies or plays distracts from their 

enjoyment. 

1  –  2  –  3  –  4  –  5 
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    Worksheet 3.1         The Positive and Negative Affect Schedule (PANAS; 
Watson et al., 1988) 



    PANAS Questionnaire 
 This   scale consists of a number of words that describe different feelings and 
emotions. Read each item and then list the number from the scale below 
next to each word.  Indicate to what extent you feel this way right now, 
that is, at the present moment    OR    indicate the extent you have felt this 
way over the past week (circle the instructions you followed when taking 
this measure) 



   1  2  3  4  5 
   Very Slightly or Not 



at All 
 A Little  Moderately  Quite a Bit  Extremely 



    __________  1. Interested  __________ 11. Irritable 



   __________ 2. Distressed  __________ 12. Alert 



   __________ 3. Excited  __________ 13. Ashamed 



   __________ 4. Upset  __________ 14. Inspired 



   __________ 5. Strong  __________ 15. Nervous 



   __________ 6. Guilty  __________ 16. Determined 



   __________ 7. Scared  __________ 17. Attentive 



   __________ 8. Hostile  __________ 18. Jittery 



   __________ 9. Enthusiastic  __________ 19. Active 



   __________ 10. Proud  __________ 20. Afraid 



    Scoring Instructions: 
 Positive   Affect Score: Add the scores on items 1, 3, 5, 9, 10, 12, 14, 16, 
17, and 19. Scores can range from 10  –  50, with higher scores represent-
ing higher levels of positive affect. Mean Scores: Momentary      �      29.7 
( SD       �      7.9); Weekly      �      33.3 ( SD       �       7.2)  



 Negative   Affect Score: Add the scores on items 2, 4, 6, 7, 8, 11, 13, 15, 
18, and 20. Scores can range from 10  –  50, with lower scores represent-
ing lower levels of negative affect. Mean Score: Momentary      �      14.8 
( SD       �      5.4); Weekly      �      17.4 ( SD       �      6.2)    



Copyright © 1988 by the American Psychological Association.  Reproduced with permission.  
The official citation that should be used in referencing this material is Watson, D., Clark, L. A., & 
Tellegan, A. (1988). Development and validation of brief measures of positive and negative affect: 
The PANAS scales. Journal of Personality and Social Psychology, 54(6), 1063–1070.



10_P374517_Ch03.indd   5210_P374517_Ch03.indd   52 6/3/2009   7:25:39 PM6/3/2009   7:25:39 PM











image1.jpeg
Emotion stimuli

Angry Neutral Happy
v ¢ ¢ ? o ? -
! M\ M\ 7
\ \
150% 100% 50% 0% 50% 100% 150%

Gender stimuli

Female Neutral Male

“ o

NSNS

150% 100% 50% 0% 50% 100% 150%





