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Abstract

Men and women often display different physiological responses to emotional stimuli, and these responses can be

affected by brain damage. Here, we investigated how brain damage differentially affects electrodermal responses

based on sex. We studied neurologically normal, healthy adults and a sample of neurological patients. Participants

listened to music, an emotional stimulus that reliably elicits skin conductance responses (SCRs). Electrodermal

activity was recorded while participants listened to musical clips. When analyzing the data without regard to sex, there

were no differences between healthy and brain-damaged participants in their SCRs. However, we found a significant

interaction between brain injury status and sex. For men, brain damage significantly reduced SCRs. For women, there

were no differences between brain-damaged participants and neurologically healthy participants. These findings

illustrate the importance of including demographic variables, such as sex, when investigating brain-behavior

relationships with a psychophysiological dependent variable.

Descriptors: Emotion, Neurological, Normal, Electrodermal, Cognition

Sex differences in emotional processing have often been found,

whether in behavioral performance (Bradley, Codispoti, Sabati-

nelli, & Lang, 2001), physiological response (Kring & Gordon,

1998; Seidlitz & Diener, 1998), or neural function (Cahill, 2006;

Kret & De Gelder, 2012; Stevens & Hamann, 2012; Whittle,

Y€ucel, Yap, & Allen, 2011). Sex differences are also evident after

focal brain damage, which can disproportionally affect one sex

more than the other. For example, brain damage to regions in the

left hemisphere tends to disrupt performances on behavioral meas-

ures of emotion and decision making in women, whereas damage

to the right hemisphere tends to cause impairments in men (Tranel

& Bechara, 2009; Tranel, Damasio, Denburg, & Bechara, 2005).

However, it is unknown whether there are sexual dimorphisms in

physiological measures of emotion following brain damage. In this

study, we aim to examine sex differences in physiological

responses to an emotional stimulus, and whether brain damage

affects physiological responses in a sexually dimorphic pattern.

In neurologically normal, healthy adults, physiological

responses to emotional stimuli often display sex differences. For

example, when watching emotional film clips, men showed stron-

ger skin conductance responses (SCRs) during films depicting fear

(relative to women), while there were no sex differences in SCRs

during films depicting happiness and sadness (Kring & Gordon,

1998). Men also showed increased SCR when viewing erotic pho-

tos (Bradley et al., 2001). Music is another type of emotional stim-

ulus used to investigate physiological responses. One study showed

that males’ finger temperatures increased more than females’ finger

temperatures while listening to music (McFarland & Kadish,

1991). A second study had participants listen to heavy metal and

renaissance music and recorded skin conductance level (SCL). The

authors found that, overall, men showed higher SCL than women

regardless of type of music (Nater, Abbruzzese, Krebs, & Ehlert,

2006).

Music is commonly used to evoke emotional and physiological

responses. Music is a pervasive aspect of human nature, and has

been present in every culture across history (Huron, 2001). One

explanation for the ubiquity of music is that it is often used to

evoke certain emotions. Using music to manipulate their emotions

is a primary reason why people choose to listen to music (Juslin &

Laukka, 2004; Panksepp, 1995). Understanding how emotional

responses to music manifest physiologically both informs the utility

of music as an important aspect of the human condition, and speaks

to the psychophysiological changes that occur during exposure to

emotional stimuli more generally.

Listening to music typically produces increased SCR whether

the music is highly pleasurable (Salimpoor, Benovoy, Larcher,
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Dagher, & Zatorre, 2011; Salimpoor, Benovoy, Longo,

Cooperstock, & Zatorre, 2009) or disagreeable (Baumgartner,

Esslen, & J€ancke, 2006; Dellacherie, Roy, Hugueville, Peretz, &

Samson, 2011; Krumhansl, 1997; Nater et al., 2006). Music that is

personally significant to participants results in increased SCR,

regardless of the valence or arousal level of the music (Rickard,

2004). Taken together, these findings illustrate that music effec-

tively evokes SCR in listeners, irrespective of the musical valence

(Gomez & Danuser, 2004, 2007; Khalfa, Peretz, Blondin, &

Manon, 2002). Brain damage has been shown to disrupt this typical

physiological response to music. For example, individuals with

damage to the ventromedial prefrontal cortex showed decreased

SCR while listening to music (Johnsen, Tranel, Lutgendorf, &

Adolphs, 2009). While research indicates that brain damage can

result in impaired SCRs to music, it is unknown whether changes

in SCR after brain injury follow sexually dimorphic patterns.

In the study reported here, we sought to investigate the influ-

ence of sex as a demographic variable on the relationship between

brain damage and electrodermal activity in response to music. Our

findings illustrate the hazards of ignoring sex differences and

underscore the importance of including demographic variables in

psychophysiological research. Previous research has identified

decreased emotional responsiveness after focal brain injury, includ-

ing a decreased SCR to music, visual stimuli, and emotional deci-

sion making (Bechara, Tranel, Damasio, & Damasio, 1996;

Glascher & Adolphs, 2003; Johnsen et al., 2009; Koenigs et al.,

Figure 1. Lesion overlap map for brain-damaged participants. Six participants do not have lesion maps and are not included in this overlap. The color

bar codes maximal lesion overlap, with “hotter” colors (red, orange) representing higher numbers of lesion overlap.
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2007). That changes in emotional responsiveness are associated

with brain injury is well established; however, sex differences in

these changes are often not explicitly addressed. Investigating the

effect of brain damage on sex differences in physiological

responses to music will inform future studies and lead to the use of

sex as an important demographic variable in psychophysiological

research.

Method

Participants

Twenty-two brain-damaged participants (BD) were recruited from

the Neurological Patient Registry of the University of Iowa Divi-

sion of Cognitive Neuroscience in the Department of Neurology.

Eleven neurologically normal comparison participants (NC) were

recruited from a registry of normal comparison subjects as well as

through advertisements to the general public. Three participants

(two BD and one NC) were excluded because they did not show

any SCRs during the experiment. All analyses were completed on

the remaining participants (20 BD and 10 NC). Participants were

recruited with the goal of obtaining equal numbers of men and

women. In keeping with the demographics of our region, all partici-

pants were Caucasian. There were no overt challenges in recruiting

members of both sexes.

Neurological patients had focal brain damage in a variety of

regions, covering major lobes of the brain and subcortical struc-

tures (Figure 1). These participants have been extensively charac-

terized neuropsychologically and neuroanatomically using standard

protocols from the Benton Neuropsychology Laboratory and the

Laboratory of Brain Imaging and Cognitive Neuroscience (Tranel,

2007). The sample was screened to ensure that none of the partici-

pants had general intellectual impairment (as determined by

Wechsler Adult Intelligence Scale—Third Edition and Fourth Edi-

tion testing; Wechsler, 2008) or hearing impairments not corrected

by hearing aids. Etiologies of the BD participants included cerebro-

vascular disease (n 5 11), surgical resection for epilepsy (n 5 4),

and surgical resection for meningioma (n 5 5). Overall, there were

no significant differences between BD and NC groups in demo-

graphic attributes including age, sex, education, and full-scale IQ

(FSIQ), although there were trend-level differences in FSIQ. When

looking within the male and female groups, there was a significant

difference in FSIQ between men in the BD and NC group (Table 1).

For these reasons, FSIQ is used as a covariate in our analyses.

FSIQ in the NC group was estimated using the Wechsler Test

of Adult Reading (Wechsler, 2001), which provides an estimate

comparable to the Wechsler Adult Intelligence Scale (WAIS; the

two scales are highly correlated). NC participants are given this

abbreviated test since a full administration of the WAIS would not

be feasible in the allotted amount of time. Neurological patients are

given the WAIS as a part of their normal neuropsychological bat-

tery upon induction into the Patient Registry.

Procedure

Each participant heard 30 musical clips. These clips were portions

of popular songs selected from the Billboard Hot 100 year-end

charts between the years 1950–2013. Each clip was 15 s long and

contained the chorus or another highly recognizable part of the

song. Based on each participant’s age, clips were randomly

selected from the years when the participant was 15 to 30 years

old. Clips were selected from these years to increase the likelihood

that participants would be familiar with the music. Electrodermal

activity was recorded while participants sat quietly and listened to

the musical clips.

SCR Data Acquisition and Processing

Electrodermal activity (EDA) was acquired using the BIOPAC

MP100 system. Two Ag/AgCl electrodes were placed on the thenar

and hypothenar eminences of the participants’ left hands. Data

were recorded at 1000 Hz. To obtain phasic SCR, a 0.05 Hz high-

pass filter was applied during data acquisition to remove tonic drift

in EDA (Acknowledge MP Hardware Guide). Data were offline

downsampled to 100 Hz before data processing. Motion artifacts

were identified and manually corrected using LEDALAB software

(Benedek & Kaernbach, 2010). To quantify SCR changes related

to listening to music, we calculated the peak amplitude over the

entire 15-s time period during which the musical clip was played.

Data within this window were baseline-corrected by the average of

SCR from 2 s before the onset of each musical clip. In addition to

analyzing SCR amplitude, we also calculated SCR area under the

curve. Since the measures of amplitude and area under the curve

were highly correlated (r 5 .91), we report only the results ana-

lyzed using SCR amplitude. To account for individual differences

in EDA, SCR data were normalized by dividing the range of each

participant’s skin conductance level over the entire testing session

(Lykken & Venables, 1971).

Results

A two-way analysis of covariance (ANCOVA) was conducted that

examined the effects of sex and group on SCR amplitude with

FSIQ as a covariate. There was a statistically significant interaction

Table 1. Demographic Variables

Group

Men Women
Overall

BD (n 5 9) NC (n 5 5) T value p BD (n 5 11) NC (n 5 5) T value p T value p

Age (years) 55.6 (11.7) 58.6 (13.9) .42 (.68) 60.9 (10.2) 60.4 (12.3) -.08 (.93) .21 (.83)
Age (range) 39–75 38–73 – 44–76 43–72 – –
Education (years) 14.5 (2.2) 16.4 (0.5) 1.7 (.10) 15.5 (1.6) 16.0 (1.41) .52 (.61) 1.6 (.11)
FSIQ 104.3 (7.1) 114.5 (5.4) 2.5 (.02) 109.3 (8.2) 112.6 (12.0) .62 (.54) 1.9 (.06)
Handedness 8 R, 1 L 4 R, 1 L – 11 R 4 R, 1 L – –
Lesion side 8 L, 1 R – – 6 L, 2 R, 3 B – – –

Note. There is a statistically significant difference between BD and NC men in FSIQ. Values are mean (SD). FSIQ 5 full-scale intelligence quotient;
Handedness: R 5 right-handed, L 5 left-handed; Lesion side: R 5 right hemisphere, L 5 left hemisphere, B 5 bilateral.
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between sex and group after controlling for FSIQ, F(1,23) 5 4.47,

p 5 .04, g2
p 5 .16 (Figure 2). To investigate this interaction further,

we conducted follow-up tests to examine the simple main effects.

Healthy men had significantly greater SCR amplitude than healthy

women, F(1,23) 5 6.83, p 5 .01, g2
p 5 .22. There were no differen-

ces between brain-damaged men and women, F(1,23)< .001,

p 5 .99, g2
p< .001. Healthy men had significantly greater SCR

amplitude than brain-damaged men, F(1,23) 5 6.6, p 5 .01,

g2
p 5 .22. There were no differences between healthy women and

women with brain damage, F(1,23) 5 .02, p 5 .87, g2
p 5 .001.

Data Analysis Without Sex as a Variable

To emphasize the importance of including sex as a variable in our

analyses, we analyzed our data without regard to sex differences.

We conducted an independent samples t test to determine the effect

of brain injury on SCR to musical stimuli. There were no signifi-

cant differences between normal comparisons and brain-damaged

participants for SCR amplitude, t(28) 5 1.4, p 5 .16 (Figure 3).

Discussion

In this study, we identified sex differences in SCR to musical clips.

Importantly, we also identified that neurological damage disrupts

SCR, but only in males. In neurologically healthy adults, men dis-

played significantly higher SCR than women. In individuals with

neurological damage, this effect was not found. Therefore, neuro-

logical damage greatly affected SCR in men, but not women. The

finding that neurologically healthy men display greater SCR than

women is consistent with several previous studies. Men have been

shown to produce greater physiological responses to emotional pic-

tures, videos, and musical clips of a variety of arousal levels and

valences (Bradley et al., 2001; Kring & Gordon, 1998; McFarland

& Kadish, 1991; Nater et al., 2006). Our findings are consistent

with these results, and indicate that men have overall greater SCR

to music than do women.

Our findings extend this result, indicating that brain damage

disproportionately affects men and disrupts a normally occurring

sex difference. Historically, it has been suggested that women’s

brains may be somewhat less “lateralized” than men’s (Bryden,

1982; Harris, 1978; McGlone, 1980). For example, in a task that

requires participants to locate previously displayed dots on a

screen, females performed in a less-lateralized manner than men.

That is, while males were more accurate when dots were presented

on one side of the screen, females had more similar accuracy levels

for dots presented on both sides of the screen (Boles, 2005). This

could provide a mechanistic explanation for our finding that neuro-

logical damage only reduces SCR in men. Since nearly all (17/20)

of the brain-damaged participants had unilateral damage, this dam-

age may not be sufficient to impair a physiological response in

women. When these three individuals with bilateral damage were

removed from the analysis, our findings remained consistent. If

women have reduced hemispheric asymmetry, their behavior may

be less likely to be affected by damage to any one side of the brain.

Previous research has identified less-pronounced deficits following

brain damage in women, potentially supporting this explanation for

our findings (Tranel et al., 2005).

One limitation of the present study is the relatively small sam-

ple size. Although our sample size is small, effect sizes are rela-

tively large. In examining the data on a case-by-case basis, no

individuals fell beyond two standard deviations above or below the

group means. An additional limitation is that the vast majority of

the brain-damaged participants had left-sided lesions. Previous

research has indicated that lesion side can influence behavioral out-

comes based on sex, such that right hemisphere lesions tend to be

associated with severe deficits in men while left hemisphere lesions

tend to be associated with deficits in women (Tranel & Bechara,

2009; Tranel et al., 2005). The current sample studied here does

not allow for a thorough investigation of a Sex 3 Lesion Side inter-

action. However, it is interesting to note that, given our data, it

seems that left-sided lesions more greatly affected men. It may be

the case that lesion laterality differentially affects men and women

based on lesion location. For example, the previous findings on

sex-based laterality effects were seen in the ventromedial prefrontal

cortex and amygdala. Since our sample of neurological patients

had varying lesion locations, this may explain why we see a more

pronounced effect of left-sided lesions in men.

Figure 2. SCR amplitude. Men in the NC group had significantly

greater SCR amplitude than men in the BD group and women in the

NC group. Error bars are standard error of the mean. Points represent

the individual participants within each group. n.u.= normalized units.

Figure 3. Data without including sex as a variable in the analyses.

There were no significant differences between groups for SCR ampli-

tude. Error bars are standard error of the mean. n.u. 5 normalized units.
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Implications

Ignoring sex differences during data analysis produced quite differ-

ent results than when sex was a variable in our analyses. There were

no differences between NC and BD groups in their SCR to musical

stimuli when the groups were collapsed across sex (Figure 3). These

results suggest that neurological damage does not affect SCR to

musical stimuli. However, our data showed that sex of the partici-

pant is critically important for whether or not neurological damage

affects SCR. For men, brain damage dramatically decreased SCR;

for women, neurological damage did not change SCR. Ignoring sex

as an attribute variable would lead to the wrong conclusion.

These results are pertinent to other research questions. First,

there are several other physiological measures that often show sex

differences, such as finger temperature, heart rate, and blood pres-

sure (McFarland & Kadish, 1991; Nater et al., 2006). Sex may

influence any of these domains. One common phenomenon studied

in response to musical stimuli is the feeling of “musical chills,” a

highly pleasurable bodily response (Harrison & Loui, 2014; Mori

& Iwanaga, 2014; Salimpoor et al., 2009). Our findings suggest

that there may be sex differences in the frequency, duration, or

physiological responses to musical chills, or the brain regions asso-

ciated with these pleasurable responses to music. Our findings also

may be relevant for neuropsychological studies of cognitive func-

tions. Previous research has identified that brain damage differen-

tially affects men and women on several cognitive domains,

including emotion and decision making (Gaznick, Bechara, &

Tranel, 2014; Tranel & Bechara, 2009; Tranel et al., 2005). Our find-

ings support these results and indicate that sex is a critical variable to

be studied in future research on neurological patient populations.

In this experiment, we used self-reported biological sex to char-

acterize whether an individual belonged in the male or female

group. It is important to note that here we used sex to refer to bio-

logical sex (as identified by the participant), as opposed to gender

identity, masculinity/femininity, or other ways to characterize sex.

However, other ways to characterize both sex and gender may be

important to use in future research. For example, gender role

behavior is a measure of gender that is associated with both brain

structure and function (Belfi, Conrad, Dawson, & Nopoulos, 2014;

Wood, Heitmiller, Andreasen, & Nopoulos, 2008; Wood, Murko,

& Nopoulos, 2008). Measured using a self-report questionnaire

(Bem, 1974; Boldizar, 1991), gender role behavior gives an index

of how masculine or feminine an individual behaves. Gender role

behavior has been shown to influence emotional processing

(Bourne & Maxwell, 2010) and therefore may be important to con-

sider in future studies of psychophysiological responsiveness to

emotional stimuli. Additionally, gender role behaviors are associ-

ated with varying hormone levels (Auyeung et al., 2009; Smith,

Deady, Sharp, & Al-Dujaili, 2013), which could provide a mecha-

nistic explanation for the role of gender role behavior in influenc-

ing cognitive processes. Therefore, differences in gender role

behavior may reflect neuroanatomical and hormonal differences

and provide for more precise characterizations of gender differen-

ces both between and within sexes.

In addition to psychological measures of masculinity and femi-

ninity, hormone status may be an additional important way to add

depth to the characterization of sex differences. One previous study

investigated physiological responses to music in women in various

stages of the oral contraceptive cycle (Fritz et al., 2014). The

authors were interested in whether differing estrogen levels medi-

ated the effects of music listening on blood pressure. Women were

tested at two time points, one while taking a lower dose of estrogen

and one while taking a higher dose. The authors found no differen-

ces in blood pressure responses to music between low and high

estrogen levels, and suggested that differing levels of estrogen in

hormonal contraceptive pills do not play a central role in modulat-

ing blood pressure responses to music.

In the present study, we did not collect data on hormonal con-

traceptive use or menstrual status of our participants. The majority

of our female participants were in a postmenopausal age range

(from 43–76 years old; only 2 women were under 50 years old),

and therefore we would expect that most of our participants would

not be taking hormonal contraceptives or be susceptible to the hor-

monal fluctuations present during the menstrual cycle. Given the

age range of our participants, our findings may not be entirely gen-

eralizable to a younger sample. Hormonal contraceptive use and

menstrual cycle phase can influence physiological and psychologi-

cal measures such as cortisol levels, regional brain volumes, and

emotional processing (De Bondt et al., 2013; Derntl, Kryspin-

Exner, Fernbach, Moser, & Habel, 2008; Ferree, Kamat, & Cahill,

2011; Nielsen, Segal, Worden, Yim, & Cahill, 2013). In future

research, considering age as an explicit demographic variable may

further clarify the nature of sex differences in psychophysiological

responsiveness to emotional stimuli. With a sample of younger

adults, it may be necessary to acquire information about hormonal

contraceptive use and menstrual cycle phase in order to fully char-

acterize the sample and account for potential behavioral and physi-

ological differences.

In conclusion, our results illustrate the hazards of ignoring

important demographic variables, such as sex, when analyzing psy-

chophysiological data. We have shown a distinct difference

between men and women in their physiological response to music,

and that neurological damage disproportionately affects men in this

domain. These results indicate the necessity of attending to demo-

graphic differences when conducting psychological research.
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