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Abstract Although moderate to severe traumatic brain injury
(TBI) leads to facial affect recognition impairments in up to
39% of individuals, protective and risk factors for these defi-
cits are unknown. The aim of the current study was to examine
the effect of sex on emotion recognition abilities following
TBI. We administered two separate emotion recognition tests
(one static and one dynamic) to 53 individuals with moderate
to severe TBI (females = 28) and 49 demographically matched
comparisons (females = 22). We then investigated the pres-
ence of a sex-by-group interaction in emotion recognition ac-
curacy. In the comparison group, there were no sex differ-
ences. In the TBI group, however, females significantly
outperformed males in the dynamic (but not the static) task.
Moreover, males (but not females) with TBI performed

significantly worse than comparison participants in the dy-
namic task. Further analysis revealed that sex differences in
emotion recognition abilities within the TBI group could not
be explained by lesion location, TBI severity, or other neuro-
psychological variables. These findings suggest that sex may
serve as a protective factor for social impairment following
TBI and inform clinicians working with TBI as well as re-
search on the neurophysiological correlates of sex differences
in social functioning.
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Social impairment is common in individuals with moderate to
severe traumatic brain injury (TBI; Andrews, Rose, &
Johnson, 1998; Duff, Mutlu, Byom, & Turkstra, 2012;
Gomez-Hernandez, Max, Kosier, Paradiso, & Robinson,
1997; Milders, Fuchs, & Crawford, 2003; Temkin, Corrigan,
Dikmen, & Machamer, 2009; Ylvisaker, Turkstra, & Coelho,
2005) and is a major predictor of overall outcome (Morton &
Wehman, 1995). Facial affect recognition ability, in particular,
is strongly associated with negative social outcomes, such as
poor social integration (Knox&Douglas, 2009) and reports of
socially inappropriate behaviors (Pettersen, 1991).

A recent meta-analysis estimated that up to 39% of indi-
viduals in the chronic phase of a moderate to severe TBI are
significantly impaired at recognizing facial affect (Babbage
et al., 2011). To date, however, there are no methods for iden-
tifying which patients are at risk for emotion recognition def-
icits. Rosenberg, Dethier, Kessels, Westbrook, and
McDonald, (2015) provided some evidence that TBI severity
(measured by posttraumatic amnesia) is a risk factor
(Rosenberg et al., 2015), but severity accounted for only
37% of the variance in affect-recognition task scores.
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Another candidate predictor of impairments is site of brain
damage, because TBI often affects brain regions implicated
in affect recognition. However, Green, Turner, and Thompson
(2004) reported that participants with TBI who had focal dam-
age in regions involved in emotion recognition—including
right posterior hemisphere, amygdala, basal ganglia—did
not perform significantly worse than participants with TBI
who had damage in other brain regions (Green et al., 2004).
It has been hypothesized that the degree of emotion recogni-
tion impairment might correlate with the degree of frontal or
fronto-temporal functioning (Bornhofen & McDonald, 2008;
Hornak, Rolls, & Wade, 1996; Olson, McCoy, Klobusicky, &
Ross, 2013; Willis, Murphy, Ridley, & Vercammen, 2015).
While this claim has some support from the TBI literature
(Martins et al., 2012; Spikman, Timmerman, Milders,
Veenstra, & van der Naalt, 2012), findings to date remain
inconclusive.

There is some evidence that facial affect recognition abili-
ties are related to other nonsocial cognitive skills, such as
verbal and nonverbal working memory and processing speed
(Yim, Babbage, Zupan, Neumann, & Willer, 2013), verbal
concept formation and alternating fluency (Williams &
Wood, 2010), and cognitive flexibility (Milders et al., 2003).
Other studies, however, have found no correlations between
emotion recognition and these skills (Rosenberg et al., 2015;
Spikman et al., 2012).

A final potential predictor of emotion recognition im-
pairments is sex of the participant. There is a long his-
tory of research showing a female advantage in recog-
nizing emotions (Kret & De Gelder, 2012; Montagne,
Kesse l s , Fr ige r io , de Haan , & Per re t t , 2005;
Weisenbach et al., 2014) beginning in infancy and con-
tinuing throughout the life span (Kessels, Montagne,
Hendriks, Perrett, & de Haan, 2014; McClure, 2000).
Thus, women with TBI might have an advantage that
would protect them from affect recognition impairments,
whereas men with TBI might be more vulnerable. To
date, examinations of the relationship between sex and
TBI outcome, however, have yielded mixed results. For
instance, data from the IMPACT study showed that sex
is not a significant predictor of 6-month overall out-
come as measured by the Glasgow Outcome Scale
(Mushkudiani et al., 2007), but a previous meta-
analysis by Farace and Alves (2000) revealed that wom-
en with TBI had worse outcome than men. These mixed
results are likely to be due to the multiplicity of mea-
sures that have been used to assess outcome. Indeed,
breaking outcome down into the cognitive domain high-
lights the complexity of the relationship between cogni-
tive abilities and sex following TBI; women outperform
men in language, attention- and working-memory tasks
(Ratcliff et al., 2007), and visual memory (Moore,
Ashman, Cantor, Krinick, & Spielman, 2010), whereas

the opposite is true for visual analytic skills (Ratcliff
et al., 2007).

Recent work on TBI populations has reported sex-based
differences in the social domain. Despins, Turkstra,
Struchen, and Clark (2015) found that women with TBI rated
their pragmatic communication skills more accurately than
did men with comparable injury severity. Adult females with
TBI are better than males at theory-of-mind tasks (Turkstra,
2008), and they show higher rates of community integration
years after their injury (R. L. Wood & Rutterford, 2006). A
longitudinal study on pediatric TBI found that girls not only
performed better on a facial affect-recognition task at baseline
but also improved their skills at a higher rate than boys
(Schmidt, Hanten, Li, Orsten, & Levin, 2010). These findings,
coupled with clinical evidence that women experience better
social outcomes than men after TBI (Farace & Alves, 2000),
support the notion that women may have better resilience to
TBI-related social deficits. However, there is little experimen-
tal evidence for an interaction between sex and brain injury in
emotion recognition abilities. Further clarification of the role
of sex in social functioning in general, and in facial affect
recognition in particular, is crucial; not only does such under-
standing have the potential to inform clinicians of subgroups
of patients with TBI who are more likely to develop emotion
recognition impairment and may benefit from early rehabili-
tation, but it can also inform the development of new behav-
ioral and pharmacological treatments tailored to men or
women.

In the current study, we sought to examine the relationship
between sex and the ability to label facial affect in adults with
TBI. Based on evidence of sex-differences in social function-
ing in both TBI and healthy populations, we hypothesized that
being female would serve as a protective factor for emotion
recognition impairment following TBI. To test this hypothe-
sis, we administered two different emotion-labeling tasks to a
sample of individuals with moderate to severe TBI and a de-
mographically matched comparison group. The first task was
a traditional emotion recognition test, in which participants
were asked to label emotions displayed by actors in photo-
graphs. The second was a dynamic facial affect-recognition
task, in which stimuli includedmorphed images that presented
a range of intensities of emotion expression. Dynamic tasks
including different intensities have been argued to be more
ecologically valid and to reveal individual differences within
healthy populations (Montagne, Kessels, De Haan, & Perrett,
2007; Wehrle, Kaiser, Schmidt, & Scherer, 2000). Our main
predictions were a main effect of group, resulting in higher
accuracy on both tasks in the comparison group, and an inter-
action of group by sex, manifested as higher overall scores in
women and a larger sex-based difference between women and
men with TBI. Moreover, we investigated the presence of a
three-way interaction among group, sex, and emotion type in
order to explore whether the sex-based difference was specific
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to individual emotions. Last, we aimed to determine how sex
influences the relationship between emotion recognition abil-
ities and performance on tasks measuring Bnonsocial^ cogni-
tive skills, such as executive functioning, verbal learning and
memory, processing speed, and self-reported psychological
distress.

Method

Participants

A total of 53 individuals with TBI (female = 25) and 49
healthy comparison participants (NC) (female = 27) took part
in the study. Participants were recruited through ads and brain
injury units in Iowa City, Iowa (IA), and Madison, Wisconsin
(WI). Inclusionary criteria for individuals with TBI were (1)
history of moderate to severe TBI, (2) chronic postinjury
phase (i.e., >6-months postinjury), (3) aphasia quotient higher
than 93.8 on the Western Aphasia Battery (WAB; Shewan &
Kertesz, 1980), and (4) age between 18 and 65 years. TBI
severity was assessed using the Mayo Classification System
(Malec et al., 2007; see Supplementary Information for
severity details and psychiatric history of participants with
TBI). Inclusionary criteria for NC were (1) no history of head
injury or loss of consciousness; (2) no history of neurological,
psychiatric, or learning disorders; (3) aphasia quotient higher
than 93.8 on the WAB; (4) age between 18 and 65 years.

TBI and NC groups were matched for age (t(100) = -.56, p
= .57), education (t(100) = .71, p = .48) and sex (χ2(1) = .64, p
= .42). Mean injury chronicity was 14.94 months (SD =
16.33). There were no significant group differences between
females with and without TBI for age (t(50) = -1, p = .32) or
education (t(50) = .15, p = .88). There were also no significant
group differences betweenmales with andwithout TBI for age
(t(48) = .2, p = .84) or education (t(48) = .64, p = .53). Lastly,
within both the TBI and the NC group, males and females
were matched for age (TBI: t(51) = -.03, p = .98; NC: t(47)
= 1.1, p = .29) and education (TBI: t(51) = -1.79, p = .08; NC:
t(47) = -1.57, p = .12) (see Table 1).

Emotion-recognition tasks

Two separate facial affect-recognition tasks were administered
as part of a larger battery: the Karolinska Directed Emotional
Faces test (KDEF) and the Emotion Recognition Test (ERT).
The battery was administered in two 2-hour sessions.
Administration of both facial affect-recognition tasks occurred
in the first session, and the order of the tasks was
counterbalanced. Furthermore, the two emotion-recognition
tasks never directly followed each other.

The KDEF test (Calvo & Lundqvist, 2008) is a computer-
based emotion-recognition task. The task consists of 28

photos of static facial expressions, including four photographs
in which actors (twomales and two females) depict each of the
six basic emotions (afraid, angry, disgusted, happy, sad, sur-
prised), and four photos of neutral facial expressions (see
supplementary information for stimuli information).
Participants were presented with a picture and seven response
choices listed to the right of the photo (afraid, angry, disgust-
ed, happy, neutral, sad, surprised), and they were asked to
indicate the word best describing the person’s feeling. The
dependent variable was the number of accurate responses for
each emotion and the number of accurate responses across all
emotions.

The ERT (Kessels et al., 2014) is another computer-based
facial affect-recognition task. Instead of static photographs,
this task involves videos of faces first appearing neutral then
gradually morphing to express one of six basic emotions
(afraid, angry, disgusted, happy, neutral, sad, surprised). The
long form of the test includes morphs from neutral to nine
different levels of emotion intensity (20% to 100% at 10%
increments). The short version of the test, which was used in
this study, has 96 items and includes morphs from neutral to
four levels of emotion intensities (0% to 40%, 60%, 80%, and
100%). The presentation order of morphs is fixed, with incre-
mental increases from lowest to highest emotion intensities.
For each trial, participants are presented with the morph and
six response choices listed to the right of the stimulus (afraid,
angry, disgusted, happy, sad, surprised). For each intensity, 24
trials were administered (four for each emotion, including two
with a male actor and two with a female actor) for a total of 96
trials. Participants were instructed to indicate Bthe word that
best describes what the person is feeling.^ Dependent vari-
ables obtained from this task were the number of correct re-
sponses for each emotion and intensity, the number of correct
responses for each intensity across all emotions, and the total
number of correct responses across all intensities and
emotions.

Neuropsychological tasks

In addition to the two emotion-recognition tasks, participants
were administered (1) the California Verbal Learning Test
(CVLT; Delis, Freeland, Kramer, & Kaplan, 1988), to assess
immediate recall (CVLT-IR), short-delay verbal recall (CVLT-
SR), and long-delay verbal recall (CVLT-LR); (2) the Trail
Making Test (Trails; Gordon, 1972), to assess executive func-
tioning; (3) the Coding and Symbol Search subtests of the
Wechsler Adult Intelligence Scale (Holdnack, Xiaobin,
Larrabee, Millis, & Salthouse, 2011), in order to obtain a
processing speed index (PSI); and (4) the Brief Symptom
Inventory (BSI-18) (Derogatis & Melisaratos, 1983), to eval-
uate psychological distress and psychiatric disorders on di-
mensions of Somatization, Depression, Anxiety, and Global
Severity Index. Due to the longitudinal nature of the study,
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some measures were missing for a subset of the participants:
CVLT (missing for four participants with TBI), Trails (miss-
ing for four participants with TBI), and PSI (missing for two
individuals with TBI). Two participants with TBI were unable
to finish Part B of Trails. In these cases, we used a truncation
approach, and their Trails B scores were recoded into the
lowest z scores found in the overall dataset (Costa, 2014).

Statistical analysis

Statistical analysis was carried out using IBM SPSS Statistic
(Version 21.0). To test the main effect of group, group-by-sex
interaction, and interactions among sex, group, and emotion
type, we performed a repeated-measures analysis of covari-
ance (ANCOVA) with sex (males vs. females) and group (TBI
vs. NC) as between-subjects factors, emotion type (anger, dis-
gust, fear, happiness, neutral, sadness, surprise) as within-
subjects factor, and testing site (Iowa City, IA, vs. Madison,
WI) and age as covariates. The latter was included as a covar-
iate because of the extensive literature reporting age differ-
ences in facial affect recognition (Montagne et al., 2007).

For ERT data, we investigated the presence of an interac-
tion between sex and group and interactions between sex,
group, emotion type, and emotion intensity. We used a
repeated-measures ANCOVAwith sex (male vs. female) and
group (TBI vs. NC) as between-subjects factors and intensity
(40%, 60%, 80%, and 100%) and emotion type (anger, dis-
gust, fear, happiness, sadness, surprise) as within-subjects fac-
tors. Testing site and age were included as covariates.

Post hoc analyses were carried out using independent sam-
ples t tests. Given our hypothesis that having suffered a TBI
and being male would lead to lower facial affect recognition
abilities, all t tests examining sex or group differences were

one-tailed. When multiple comparisons were performed,
Bonferroni correction was applied.

For CVLT, Trails, PSI, and BSI, one-tailed independent-
samples t tests were carried out to investigate differences be-
tween TBI and NCs, and two-tailed independent-samples t
tests were performed to explore differences between males
and females within the TBI group. Bonferroni correction
was applied when necessary. To examine the correlations be-
tween emotion recognition abilities and verbal learning and
memory, processing speed, executive functioning, and psy-
chological well-being, we computed within-group Pearson
correlations using overall KDEF and ERT scores.

Results

KDEF

A repeated-measures ANCOVA revealed a significant main
effect of group,F(1, 96) = 11.56, p = .001, ηp

2 = .107, and sex,
F(1, 96) = 4.36, p = .04, ηp

2 = .04, with NCs performing better
overall than TBIs (NC:M = 26.18, SD = 1.56; TBI:M = 24.45,
SD = 3.01), and females showing higher facial affect-
recognition accuracy than males (females: M = 25.85, SD =
1.98; males:M = 24.7, SD = 2.96). There were also significant
effects of age, F(1, 96) = 5.65, p = .02, ηp

2 = .06, with per-
formance declining as age increased (bivariate correlation be-
tween age and KDEF score: r = –.19, p = .03) and emotion,
F(3.3, 31679) = 4.82, p = .002, ηp

2 = .05, (Anger: M = 3.49,
SD = .88; Disgust: M = 3.65, SD = .72; Fear:M = 2.63, SD =
1.15; Happiness:M = 3.91, SD = .31; Neutral:M = 3.79, SD =
.5; Sadness: M = 3.8, SD = .51; Surprise: M = 3.83, SD = .5).
The effect of site was nonsignificant, F(1, 96) = 1.1, p = .3,

Table 1 Comparison of demographic variables between and within NC and TBI groups

Variable NC
M (SD)

TBI
M (SD)

Group Differences
(p)

Total Females Males Total Females Males TBI vs.
NC

TBI
(Males vs.
Females)

NC
(Males vs.
Females)

Females (TBI
vs. NC)

Males
(TBI vs.
NC)

N/Sex
composi-
tion

49 27 22 53 25 28 .42 N/A N/A N/A N/A

Age 42.54
(14.47)

40.55
(13.58)

44.98
(15.46)

44.14
(14.08)

44.21
(12.59)

44.09
(15.52)

.57 .98 .29 .32 .84

Education 15.09
(1.77)

15.44
(1.86)

14.66
(1.58)

14.81
(2.15)

15.36
(2.2)

14.32
(2.02)

.48 .08 .12 .88 .53

Site WI=26;
IA=23

WI=9,
I-
A=13

WI=17,
IA=10

WI=30;
IA=23

WI=16,
IA=12

WI=14,
IA=11

.71 .93 .15 .39 .78

Note. NC = normal comparison participants, TBI = traumatic brain injury, IA = Iowa, WI = Wisconsin, N/A = not available

Cogn Affect Behav Neurosci (2016) 16:866–875 869



ηp
2 = .01. There was no sex by group interaction, F(1, 96) =

1.46, p = .23, ηp
2 = .02. The only significant interactions were

group by emotion, F(3.3, 31679) =3.24, p = .02, ηp
2 = .03,

and sex by emotion, F(3.3, 31679) = 3.52, p = .01, ηp
2 = .4.

We explored the group-by-emotion interaction by
conducting t tests for each emotion (alpha level was set at
.05/7 = .007). Participants with TBI performed worse than
NCs on anger, t(77.17) = 3.31, p = .0005, and disgust,
t(61.88) = 3.91, p = .0001, but not on other emotions (all ts
< 1.95, all ps > .02; see Fig. 1).

Analysis of the sex-by-emotion interaction showed that
females were better than males at recognizing fearful expres-
sions, t(100) = –2.69, p = .004, but they were not significantly
different frommales for other emotions (all ts < –2.28, all ps>
01).

ERT

ERT data analysis revealed significant main effects of group,
F(1, 96) = 15.98, p = .0001, ηp

2 = .14, and sex, F(1, 96) =
13.08, p = .0004, ηp

2 = .12, with higher overall ERTscores for
NCs (NC: M = 59.23, SD = 8.03; TBI: M = 52.17, SD = 9.4)
and females (females:M = 58.79, SD = 7.96; males:M = 52.2,
SD = 9.71). Site and age effects were nonsignificant, all F(1,
96) < 2.88, p > .09, ηp

2 < .03. As we hypothesized, there was a
significant sex-by-group interaction, F(1, 96) = 4.19, p = .04,
ηp

2 = .04. Within-subjects effects analysis also showed signif-
icant main effects of emotion, F(4.45, 426.84) = 40.87, p <
.000001, ηp

2 = .20 (Anger:M = 10.79, SD = 3.15; Disgust:M
= 10.23, SD = 3.03; Fear:M = 4.59, SD = 2.93; Happiness:M
= 15.26, SD = 1.19; SD = .5; Sadness: M = 6.53, SD = 3.11;
Surprise:M = 7.51, SD = 2.71) and intensity, F(3, 288) = 9.42,
p = .000006, ηp

2 = .09 (40%:M = 10.96, SD = 2.74; 60%:M =
13.68, SD = 2.54; 80%: M = 14.85, SD = 3.03; 100%: M =
15.43, SD = 3.32), including several significant interactions:
emotion by group, F(4.44, 426.84) = 4.06, p = .001, ηp

2 = .04,
emotion by intensity, F(11.45, 1099.5) = 2.93, p = .0006, ηp

2

= .03, and emotion by intensity by group, F(11.45, 1099.49) =
1.8, p = .047, ηp

2 = .02.
We first examined the emotion-by-intensity-by-group in-

teraction. After correcting for multiple comparisons (alpha
level was set at .05/24 = .002), we found that individuals with
TBI performed significantly worse than NCs only for specific
emotions and intensities: sadness at the 40%, 60%, and 100%
intensities, all t(100) > 2.95, all ps < .002, anger at the 60%
and 100% intensities, all t(100) > 2.96, all ps < .002, and
disgust at the 80% and 100% intensities, all t(100) > 3.17,
all ps < .001.

We then used an independent-samples t test to examine the
sex-by-group interaction. As emotion type and intensity did
not significantly interact with sex or with sex and group (all Fs
< 1.3, p > .24, ηp

2 < .01), we used overall ERT accuracy (i.e.,
the sum of all correct responses across all emotions and

intensities) as dependent variable. Compared to male NCs,
male individuals with TBI had significantly lower ERTscores,
t(48) = 4.06, p = .0002. On the other hand, female individuals
with TBI did not significantly differ from female controls,
t(50) = 1.62, p = .11. Similarly, although in the control group
male and female ERT performances were not significantly
different, t(47) = –1.2, p = .23, females in the TBI group had
significantly higher scores than males in this group, t(51) = -
3.97, p = .0002 (see Fig. 2).

We next examined whether sex differences in emotion rec-
ognition could be related to injury-related factors. Within the
TBI group, male and female participants did not significantly
differ for cause of injury, χ2(5) = 1.26, p = .94, chronicity,
t(51) = .32, p = .75, posttraumatic amnesia, t(17) = .61, p =
.55, loss of consciousness, t(20) = .89, p = .37, or Glasgow
Coma Scale, t(24) = .82, p = .42, but we note that these mea-
sures were only available for part of the sample. Because the
frontal, temporal, and occipital lobes have been argued to play
a role in emotion recognition, we conducted a two-tailed chi-
squared test to ensure that the amount of participants having
frontal, temporal, or occipital lesions did not significantly dif-
fer between male and female groups, χ2(1) = .73, p = .41.
Last, there was no significant difference in lesion laterality
(i.e., left, right, or bilateral) χ2(2) = .14, p = .93.

Neuropsychological tests: group comparison

Participants with TBI performed significantly worse than NCs
in all CVLT subtests, all t(96) > 5.98, all ps < .000001, and
had significantly lower PSI scores, t(98) = 4.81, p = .000003.
This finding indicates that participants with TBI had lower
verbal learning rates as well as verbal memory and processing
speed than NCs. However, performance on the Trails, which
measures executive functioning, was not significantly differ-
ent between the two groups, t(96) = 1.65, p = .05. Regarding
the BSI, the test used to asses psychological well-being, indi-
viduals with TBI had significantly higher scores than NCs on
the somatization scale, the depression scale, and the global
scale, all t(100) > 4.2, all ps < .00003. However, the inter-
group difference on the anxiety scale was not significant,
t(100) = 2.03, p = .02 (see Supplementary Information,
Table S1).

NC men did not perform significantly differently from NC
women on any of the tests (all ts < 1.6, all ps > .13; see
Supplementary Information, Table S1). Within the TBI group,
we found no significant differences between the performances
of male and female participants for CVLT, Trails, PSI, or BSI
tests (all ts < 2.51, all ps > .02). However, there was a mar-
ginal difference in PSI scores, t(49) = 2.03 p = .05, and in the
somatization scale of the BSI, t(38.56) = 2.51, p = .02, with
female participants with TBI showing higher scores for both
tests. These marginal differences indicate a trend for female
individuals with TBI to report more somatization than their
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male counterparts and to have higher processing speed than
their male counterparts. The findings suggest that even though
female participants with TBI showed markedly superior per-
formance in the ERT than male participants, female and male
scores on other neuropsychological tests did not differ signif-
icantly (see Supplementary Information, Table S1).

Neuropsychological tests and emotion recognition tests:
correlations

To explore the correlation between emotion recognition abil-
ities and psychological distress as well as neuropsychological
performance within the TBI group, we calculated Pearson

correlations between overall ERT and KDEF scores and
scores in CVLT, PSI, Trails, and BSI. For the KDEF, we found
that, when correcting for multiple comparisons, overall emo-
tion recognition accuracy was only significantly and positive-
ly correlated with PSI (r = .36, n = 51, p = .005). However,
there were marginal, positive correlations with BSI anxiety
scores (r = .26, n = 53, p = .03) and with CVLT-IR (r = .27,
n = 48, p = .03). Results were similar for ERTscores; although
the only significant correlation between overall ERTscore was
with PSI (r = .39, n = 51, p = .002), there were marginal,
positive correlations with the somatization (r = .27, n = 53, p
= .03) and the anxiety (r = .26, n = 53, p = .03) scales of the
BSI.

Group differences in recognition accuracy for different emotions on the KDEF testFig. 1 Group differences in
recognition accuracy for different
emotions on the KDEF test. A
repeated-measures ANCOVA re-
vealed a significant interaction
between group and emotion type.
Post hoc t tests showed that indi-
viduals with TBI were worse than
NCs at recognizing disgust and
anger, but not happiness, surprise,
sadness, fear, or neutral expres-
sions. The asterisk (*) denotes a
statistically significant difference
(p <.05) after Bonferroni correc-
tion for multiple comparison

Sex and group differences in emotion recognition accuracy on the ERT Fig. 2 Sex and group differences
in emotion-recognition accuracy
on the ERT. Post hoc analysis
showed that, although there was
no significant difference in overall
ERT performance between males
and females in the NC group, fe-
males performed significantly
better than males in the TBI
group. In addition, females with
TBI were not impaired in the ERT
compared to NC females; how-
ever, male individuals with TBI
performed significantly worse
than male NCs. The asterisk (*)
denotes statistically significant
difference (p < .01)
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To further explore the role sex differences play in emotion
recognition abilities, we calculated separate correlations for
male and female participants in the TBI group. Interestingly,
we found no significant correlations between KDEF score and
any other test within the male TBI group (all rs < .43, all ns <
24, all s > .01) or within the female TBI group (all rs < .32, all
ns < 23, all ps > .06), although male KDEF scores marginally
correlated with PSI (r = .43, n = 27, p = .01). Similarly, there
were no significant correlations between overall ERT score
and any other test within the male TBI group (all rs < .44,
all ns < 24, all ps > .01) or within the female TBI group (all rs
< .22, all ns < 23, all ps > .14), although there was a marginal
correlation with PSI within the male group (r = .44, n = 27, p =
.01). Considering that standard deviation values for PSI, ERT,
and KDEF were comparable for male and female individuals
with TBI (PSI male: SD = 13.24, female: SD = 17.65; KDEF
male: SD = 3.47, female: SD = 2.36; ERT male: SD = 8.74,
female: SD = 6.84) and that neither group’s performance
showed a ceiling effect, the lack of significant correlations
after splitting the TBI group by sex indicates that the associ-
ation between processing speed and emotion recognition abil-
ity was mainly driven by sex differences in processing speed
and emotion recognition performance (see Supplementary
Information, Table S2).

Last, we examined whether sex differences in processing
speed could account for the group-by-sex interaction found
for overall ERT performance. A two-way ANCOVA adding
PSI as a continuous covariate revealed that, when controlling
for processing speed, the group-by-sex interaction remained
significant, F(1, 93) = 4.6, p = .04, ηp

2 = .05. This effect
indicates that sex differences in emotion recognition abilities
could not be explained by group differences in processing
speed.

Discussion

The main goal of this study was to investigate the effects of
sex differences on facial affect recognition in adults with TBI.
We assessed emotion recognition using two tasks: a static
emotion-labeling task and a dynamic task that presents emo-
tions at varying intensities. Based on a large body of evidence
indicating female superiority in emotion-recognition tasks
within healthy populations (Kret & De Gelder, 2012;
Montagne et al., 2005), we hypothesized that female sex
would be a protective factor against facial affect-recognition
impairment following TBI. Therefore, we predicted that fe-
males who had suffered a TBI would display stronger emotion
recognition abilities than their male counterparts.

Although in both emotion-recognition tasks NCs and fe-
males performed better than individuals with TBI and males,
we found a sex-by-group interaction (i.e., a larger effect of
TBI on emotion-recognition performance among male

participants) only for the ERT. One possible explanation for
this finding is that the full-intensity, static KDEF stimuli were
not sensitive enough to detect within-group differences.
Indeed, all of the KDEF stimuli were labeled correctly by 12
participants in the NC group (~24%) and five in the TBI group
(~9%). By contrast, no participant in either group correctly
responded to 100% of the ERT trials. The highest score among
NC participants was 79 out 96 possible trials (82% accuracy),
and the highest score for a participant with TBI was 70 out 96
(73% accuracy). An alternative explanation is that the larger
number of items on the ERT increased task difficulty, although
this is unlikely because the analysis showed no interaction
between intensity and group; that is, group differences were
observed even on early items in the task. It is more likely that
the lack of a ceiling effect on the ERT allowed within-group
variability to emerge, thus revealing the dramatic negative
effect of TBI on male emotion-recognition performance.

Men with TBI underperformed both women with TBI and
NC men. This suggests that females with TBI were protected
from the potential negative effects of TBI on emotion recog-
nition abilities in virtue of either (a) higher preinjury emotion-
recognition abilities that enabled them to perform better
postinjury despite having lost the same ground as men, or
(b) TBI having a lesser effect on emotion recognition in wom-
en than in men. In support of (b), it should be noted that ERT
scores in women with TBI were similar to those in female
NCs. Moreover, there were no sex differences within the
NCs sample; women did not perform significantly better than
men, although on average they had higher accuracy. Kessels
et al. (2014) used the ERT to examine sex differences in emo-
tion recognition in typical adults and found a female superior-
ity. However, the authors highlighted the high degree of over-
lap between performances of men and women and the small
between-group differences found in their study. It may be that
TBI selectively accentuates subtle baseline sex-based differ-
ences in cognitive functions, resulting in a better outcome for
women in the case of emotion recognition.

Future studies should further explore these sex differences
and investigate their underlying mechanisms. For instance,
studying the combined effect of sex and TBI on emotion rec-
ognition at different points postinjury (e.g., acute/subacute vs.
chronic) might help clarify whether these differences are the
effect of hormonal or brain-structure-related sex differences
(Merz et al., 2012; Veroude, Jolles, Croiset, & Krabbendam,
2014; Weisenbach et al., 2014; Welborn et al., 2009) versus
different responses offered by the social environment to men
and women (W. Wood & Eagly, 2000). Measuring sex-
hormone levels, even during the chronic phase, might offer
information on the relationship between endocrine factors and
emotion-recognition abilities. Neuroimaging might provide
another helpful tool, both on its own and in combination with
hormonal measures. Recent works have attempted to uncover
the precise brain regions underlying emotion-recognition
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deficits after TBI by using both task-related functional mag-
netic resonance imaging approaches (Neumann, McDonald,
West, Keiski, & Wang, 2015) and diffusion tensor imaging
approaches (Genova et al., 2015). Although these studies have
not examined the effect of sex-based differences, imaging
might be able to inform whether emotion-recognition abilities
are associated with different white-matter integrity levels or
regional activation patterns in uninjured men and women, and
to clarify whether brain injury in males preferentially targets
these areas. In addition, future studies should further explore
the role of gender (i.e., masculinity and femininity) as well as
their intersection with sex in emotion recognition impairment
secondary to TBI.

Although sex differences were not specific for individual
emotions or intensities, we found an interaction between
group and emotion on the KDEF and an interaction between
group, emotion, and intensity on the ERT. Regarding the
KDEF, individuals with TBI performed significantly worse
than NCs only on fear, disgust, and anger (three negatively
valenced emotions) but not on surprise, sadness, happiness, or
neutral faces. Although similar valence-based differences
have been widely discussed before (Croker & McDonald,
2005; Green et al., 2004; Rosenberg, McDonald, Dethier,
Kessels, & Westbrook, 2014), a study by Rosenberg using
the ERT showed that individuals with TBI were equally im-
paired across all types of emotions when task difficulty was
controlled across emotions (Rosenberg et al., 2015). Indeed,
in our sample, the interaction between group, emotion, and
intensity can be explained in a similar way. Although we used
the short version of the ERT, so therefore our results are not
fully comparable to those obtained by Rosenberg et al. (2015),
we found that the differential ability to recognize individual
emotions was influenced by the intensity at which they were
presented.

Last, when we examined the relationship between emotion
recognition abilities and predictors of neuropsychological and
psychological well-being within the TBI group, we found that
facial affect-recognition skills were positively associated with
processing speed. However, when considering males and fe-
males with TBI as separate subgroups, we found no correla-
tions between emotion recognition skills and any neuropsy-
chological measure. Although positive correlations between
facial affect recognition and processing speed have been re-
ported (Rosenberg et al., 2015; Yim et al., 2013), the associ-
ation observed in our sample appeared to be driven by sex
differences. This finding is notable, especially in the context
of the contradictory findings on associations between emotion
recognition and Bnonsocial^ cognitive abilities following TBI.
Indeed, it appears that, given the marked sex differences in
emotion recognition abilities found in the current study, stud-
ies of neuropsychological correlates of facial affect recogni-
tion might benefit from treating men and women with TBI as
two separate groups or at least including sex as a covariate.

When comparing the current study with previous
studies of emotion recognition in adults with TBI, a
few factors should be kept in mind. First, our partici-
pants had moderate to severe injuries (not only severe
injuries), and thus our sample represents individuals
with a broader range of injuries. Second, most studies
have used different tasks, or different versions of the
same task, and this might account for small variations
in results across studies (e.g., in the degree of impair-
ment reported for specific emotions). Third, and perhaps
most important, as the main purpose of the current
study was to examine sex-based differences within TBI
populations, more women were included in the sample
than in previous studies (Croker & McDonald, 2005;
Green e t a l . , 2004 ; Rosenberg e t a l . , 2014) .
Considering that we observed that within TBI popula-
tions women tend to perform as well as controls, it is
not surprising that data from our TBI group, which was
47% female, differed from those in previous TBI
studies.

In the current study, we could not examine the re-
lationship between severity and the ability to recognize
facial expressions of affect. Indeed, one limitation of
the study lies in the fact that different types of severity
information were available for participants with TBI.
The Mayo Classification System (Malec et al., 2007),
which allows researchers to indicate TBI severity by
combining all available pieces of information, has been
extensively used in a wide variety of studies (Baxter
et al., 2013; Ham et al., 2014; Rigon, Duff, McAuley,
Kramer, & Voss, 2015). However, as we determined
severity by different factors for each participant,
within-group comparisons and correlations between
TBI severity and behavioral performance were not fea-
sible. Also, the current study focused on the sex of the
observer, and influence of sex of the observer should
be further examined in future studies.

In conclusion, our study revealed sex-based differences in
recognition of facial affect. Our results suggest that sex may
explain part of the individual variability widely reported by
both researchers and clinicians studying social functioning
following TBI. In addition, the results support evidence that
facial affect recognition abilities are at least partially indepen-
dent from other cognitive abilities, such as executive function-
ing and processing speed, and that they can be selectively
impaired in specific subgroups of people with TBI. Overall,
our findings highlight the importance of considering specific
subpopulations, particularly men with moderate to severe
TBI, when developing both assessment and intervention
methods for social cognition in individuals with TBI.
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