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The primary objective of the current study was to determine if men and women
with traumatic brain injury (TBI) differ in their emotion recognition and emotional
inferencing abilities. In addition to overall accuracy, we explored whether differ-
ences were contingent upon the target emotion for each task, or upon high- and
low-intensity facial and vocal emotion expressions. A total of 160 participants (116
men) with severe TBI completed three tasks - a task measuring facial emotion
recognition (DANVA-Faces), vocal emotion recognition (DANVA-Voices) and one
measuring emotional inferencing (emotional inference from stories test (EIST)).
Results showed that women with TBI were significantly more accurate in their
recognition of vocal emotion expressions and also for emotional inferencing. Fur-
ther analyses of task performance showed that women were significantly better
than men at recognising fearful facial expressions and also facial emotion ex-
pressions high in intensity. Women also displayed increased response accuracy
for sad vocal expressions and low-intensity vocal emotion expressions. Analysis
of the EIST task showed that women were more accurate than men at emotional
inferencing in sad and fearful stories. A similar proportion of women and men with
TBI were impaired (= 2 SDs when compared to normative means) at facial emotion
perception, x? = 1.45, p = 0.228, but a larger proportion of men was impaired at
vocal emotion recognition, x? = 7.13, p = 0.008, and emotional inferencing, x2 =
7.51, p = 0.006.
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Introduction

Our overall wellbeing is closely tied to our abil-
ity to determine how someone else is feeling
(Milders, Fuchs, & Crawford, 2003; Nowicki &
Duke, 1994; Nowicki & Mitchell, 1998; Phillips,
2003). To do this, we need to accurately interpret
facial and vocal emotion expressions and use con-
textual cues within the situation to make inferences

about the thoughts, feelings and intentions of oth-
ers (Barrett, Mesquita, & Gendron, 2011; Martin
& McDonald, 2003; Rosip & Hall, 2004; Spell
& Frank, 2000; Turkstra, 2008). People with trau-
matic brain injury (TBI) have been shown to have
difficulty identifying emotions using facial, vocal
and contextual cues (Babbage et al., 2011; Bibby &
McDonald, 2005; Bornhofen & McDonald, 2008;
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Ferstl, Rinck, & von Cramon, 2005; McDonald
& Flanagan, 2004; Neumann et al., 2012; Neu-
mann, Zupan, Malec, & Hammond, 2013; Radice-
Neumann, Zupan, Babbage, & Willer, 2007; Zupan
& Neumann, 2014; Zupan, Babbage, Neumann,
& Willer, 2014; Zupan, Neumann, Babbage, &
Willer, 2009). To date, studies have not focused
on whether these challenges are different for men
and women. This is likely because incidence rates
of TBI are at least twice as high for men (Colanto-
nio et al., 2010; Faul, Xu, & Wald, 2010). However,
women still comprise one-third of people with TBI
(Colantonio et al., 2010; Faul et al., 2010; Nalder
et al., 2016); so, it is necessary to determine if
sex-based differences exist.

Some studies show sex differences for emo-
tion recognition and emotional inferencing skills
in people without TBI. For instance, women have
been found to have better facial emotion recogni-
tion skills than men (Collignon et al., 2010; Hall
& Matsumoto, 2004; Hampson, van Anders, &
Mullin, 2006; letswaart, Milders, Crawford, Cur-
rie, & Scott, 2008; Montagne, Kessels, Frigerio, de
Haan, & Perrett, 2005), particularly recognition of
negative (Kessels, Montagne, Hendriks, Perrett, &
de Haan, 2014; Li, Yuan, & Lin, 2008; Thayer &
Johnson, 2000) or subtle (Hoffmann, Kessler, Ep-
pel, Rukavina, & Traue, 2010; Li et al., 2008) emo-
tion expressions. Research in vocal affect recogni-
tion reports a female advantage for the identifica-
tion of the negative emotions, fear and sadness, as
well as for vocal expressions of happiness (Bone-
bright, Thompson, & Leger, 1996; Collignon et al.,
2010; Ietswaart et al., 2008; Schirmer, Striano, &
Friederici, 2005). Women without TBI have also
been found to be better at making inferences about
the goals, intentions and desires of others (Krach
etal., 2009). Moreover, brain imaging studies indi-
cate that emotional stimuli activate different neu-
ronal structures in men and women (Campanella
etal., 2004; Killgore, Oki, & Yurgelun-Todd, 2001;
Krach et al., 2009; Lee et al., 2002; Li et al., 2008;
Schirmer & Kotz, 2003; Wildgruber, Pihan, Ack-
ermann, Erb, & Grodd, 2002).

Given results of research for men and women
without TBI, it is reasonable to expect that sex-
based differences in emotion recognition and emo-
tional inferencing skills also exist for men and
women with TBI. Thus, the primary objective of
this study is to compare performance of men and
women with TBI for facial and vocal emotion
recognitions and the use of contextual cues to infer
how someone else is feeling (i.e., emotional infer-
encing). We hypothesised that women would more
accurately recognise both facial and vocal emotion
expressions than men and would also be better
at making emotional inferences using contextual

cues. We had two secondary objectives. The first
was to determine whether the response accuracy
of men and women for facial, vocal and contex-
tual cues was contingent upon the specific emo-
tion category. We hypothesised that women would
be more accurate than men across all tasks for
negatively valenced emotions, particularly fearful
and sad expressions (Bonebright et al., 1996). The
second was to compare recognition accuracy for
high- and low-intensity facial and vocal emotion
expressions. Based on research with people with-
out TBI (Hoffmann et al., 2010), we hypothesised
that women with TBI would be more accurate than
men in their recognition of low-intensity facial and
vocal emotion expressions but that there would be
no difference between groups for high-intensity
expressions.

Methods

Participants

Participants were recruited from outpatient brain-
injury rehabilitation centres and local brain-injury
support groups in ... and screened as part of
a larger study addressing treatment effects (Neu-
mann, Babbage, Zupan, & Willer, 2015). The cur-
rent study was approved by research ethics com-
mittees at each of the participating institutions,
and informed consent was provided by participants
prior to participation.

Participants ranged between 21 and 65 year
old (mean = 41.15; SD = 12.18). All participants
had sustained a severe TBI after the age of 18.
Severity was determined by one of the following
criteria: Glasgow Coma Scale at injury < 8, post-
traumatic amnesia > 7 days or loss of conscious-
ness > 24 hours. All participants were at least 1-
year post injury and demonstrated sufficient under-
standing of oral and written English during screen-
ing. Participants did not have any pre-morbid de-
velopmental (e.g., autism spectrum disorder) or ac-
quired neurological disorder (e.g., stroke), major
psychiatric disorder, substance dependence or un-
corrected and impaired vision/hearing. Ultimately,
a total of 160 participants with severe TBI were
included in the current study, 44 (27%) of whom
who were women. Table 1 provides further demo-
graphic information by sex. Males and females did
not differ in age, level of education, age of injury
or time since injury.

Measures and Procedures

This study includes a subset of measures admin-
istered to participants as part of the larger ran-
domised clinical trial (Neumann et al., 2015). As
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TABLE 1
Demographic Variables by Sex for Male and Female Participants
Male Female
Mean (SD) Mean (SD) Difference
Age 4132 (11.81)  40.71(13.23)  F(1,158) = 0.079, p = 0.778
Education, in years 13.05 (2.36) 13.14 (2.21) F(1,156) = 0.040, p = 0.841
Age of injury 32.56(12.15)  31.59 (13.58)  F(1,158) = 0.190, p = 0.663
Time since injury, in years 8.84 (8.01) 8.83 (8.43) F(1,156) = 0.00, p = 0.996
Cause of injury n (%) n (%)
MVA 71 (62) 32 (74)
Fall 18 (16) 409)
Assault 12 (10) 102)
Other 14(12) 7 (16)
Proportion impaired n (%) n (%)
DANVA-aces 49 (42) 15 (32) x2=1.45p=0.228
DANVA-oices 48 (41) 8 (19) x2=7.13, p = 0.008
EIST 106(91) 33 (75) x2=7.51, p = 0.006
part of that study, participants were administered The DANVA-Faces subtest consists of

a wide battery of tests to evaluate emotion recog-
nition, emotional inferencing, empathy, cognition,
mood, community integration, relationship support
and olfactory sensitivity. Only the two measures
(three total tasks) relevant to the current study are
discussed here, all of which were administered in
person via computer. Participants were seen indi-
vidually and offered a break as needed.

Diagnostic assessment of nonverbal accuracy 2
(DANVA-2) — adult faces (DANVA-Faces) and
adult paralanguage (DANVA-Voices) subtests
(Nowicki, 2008). The DANVA-2 is a standardised
assessment with age-related norms collected from
ahealthy population of children and adults between
the ages of 3 and 99. Information regarding addi-
tional demographics (e.g., sex, level of education
and ethnicity) of the normative sample is not avail-
able for the DANVA-2. However, both the Adult-
Faces and Adult-Voices subtests have normative
scores (means and standard deviations) available
by specific age-groups and have been shown to
have good internal consistency and high test-retest
reliability and correlate well with measures assess-
ing similar constructs, such as social competence
(Nowicki, 2008; Nowicki & Carton, 1993; Now-
icki & Duke, 1994). Both subtests have also been
used previously with people with TBI (Neumann
et al., 2012; 2013; 2015; Spell & Frank, 2000;
Zupan & Neumann, 2014). Each subtest includes
24 stimuli that equally represent four emotion cat-
egories (happy, sad, angry and fearful). Both also
include an equal number of high- and low-intensity
expressions.

coloured photographs depicting young adults por-
traying emotional facial expressions. Participants
viewed each photograph via computer screen for
15 seconds and selected the emotion portrayed
from a set of four choices (happy, sad, angry and
fearful). Each of the 24 faces was presented for 15
seconds in contrast to the 2 seconds specified in the
standard procedure. This was done to ensure that
responses were not affected by speed of processing
difficulties.

The DANVA-Voices includes 24 repetitions of
the sentence, ‘I’'m going out of the room now, and
I’ll be back later’ spoken in either a happy, sad,
angry or fearful tone of voice. Participants heard
each sentence only one time and selected the emo-
tion expressed from the same set of four choices
used for the DANVA-Faces.

Emotional inference from stories test (EIST) (Zu-
pan, Neumann, Babbage, & Willer, 2015). The
emotional inference from stories test (EIST) mea-
sures participants’ ability to infer emotions us-
ing written contextual information. The EIST has
been validated with healthy adults (age 17-44) and
found to be sensitive to deficits in emotional infer-
encing in people with TBI (Neumann et al., 2015;
Zupan et al., 2015).

Participants received either Version 1 or Ver-
sion 2 of the EIST (see Zupan et al. (2015) for
a description of each version). Each version con-
tained 12 stories that were presented via computer
and accompanied by audio readings of the text in
a neutral tone of voice. Following each story, par-
ticipants were presented with a follow-up question
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that asked how a character in the story was feel-
ing from a list — happy, sad, angry or fearful. To
accurately interpret the character’s emotions, par-
ticipants needed to integrate contextual cues (e.g.,
situation and event) with the character’s wants, be-
liefs and expectations, including the character’s re-
sponse to that situation or event. Participants were
not able to refer back to the story to respond to the
question. Test scores ranged from 0 to12.

Statistical Analyses

To address the primary and secondary objectives,
our study used a repeated measures analysis of
variance for each main question that addressed
the primary and secondary objectives. The de-
pendent variables were response accuracy (mean
per cent correctly identified) for the task as a
whole (DANVA-Faces, DANVA-Voices and EIST),
response accuracy for the target emotion categories
(happy, sad, angry and fearful) within each task
and response accuracy for intensity (high and low)
for the DANVA-Faces and DANVA-Voices tasks.
Since normative data for the DANVA-Faces and
DANVA-Voices tasks are different by age-group,
z-scores were used when the overall test score was
included in analyses. Raw scores for the DANVA-
Faces and DANVA-Voices were used for analyses
to address the secondary objectives, because the
DANVA does not provide normative data by emo-
tion and intensity, only total score. Raw scores
were also used for secondary analyses of perfor-
mance on the EIST. Since our primary objective
was to explore sex differences in how participants
responded to the three main tasks, all results asso-
ciated with this aim were reported as significant at
p < 0.05. Where Maulchy’s test indicated that the
assumption of sphericity had not been met; degrees
of freedom were corrected using the Greenhouse—
Geisser estimates of sphericity. Statistical analyses
were conducted using SPSS v.23.0.0.0.

Results

Primary Objective

Are there sex differences in emotion recognition
and emotional inferencing following TBI? A 2
(sex) x 3 (task) mixed design ANOVA examin-
ing sex differences across the three tasks found a
significant main effect of both sex, F(1, 157) =
6.04, p = 0.015, n,> = 0.37 and task, F(2,314) =
105.78, p < 0.001, npz = 0.40. Accuracy for each
task by men and women is shown in Figure 1. The
absolute level of accuracy is varied by task. No
significant interaction was observed between sex
and task, F(2, 314) = 1.61, p = 0.202, n,? = 0.10.
See Figure 1.

Further analyses were conducted comparing
scores of participants in the current study to age-
adjusted normative scores. Impairment was indi-
cated if participant scores for the subtest were 2 or
more standard deviations below the normative age-
group mean. Of the 116 males who participated in
the study, 49 of them (42%) were impaired at fa-
cial affect recognition. 15 of the 44 females (32%)
were found to be impaired. This difference was not
significant, x? = 1.45, p = 0.228. Using this same
method of impairment classification, significantly
more men were impaired at recognising emotion
in voices (n = 48, 41%) than women (n = 8, 19%,
x2 = 7.13, p = 0.008). A comparison of scores
on the EIST to a normative sample (Zupan et al.,
2015) also indicated that significantly more men
were impaired (n = 106, 91%) than women (n =
33,75%, x> =17.51, p = 0.006). Participants were
again classified as being impaired if scores were 2
or more standard deviations below the normative
sample mean.

Secondary Objectives

Is response accuracy of men and women for fa-
cial, vocal and contextual cues contingent upon
the specific emotion category? The first of our
secondary objectives was to explore the impact
of emotion category on response accuracy by
men and women to each of the three tasks. To
explore performance on the DANVA-Faces, a
2 (sex) x 4 (emotion category) mixed design
ANOVA was conducted. A significant main ef-
fect was observed for emotion category, F(2.69,
422.19) = 80.80, p < 0.001, n,> = 0.34. No
statistically significant interaction was found be-
tween sex and emotion category on this mea-
sure, F(2.69, 422.19) = 1.38, p = 0.249, npz =
0.009. Mean response accuracy by emotion cat-
egory for this measure is displayed in the first
graph in Figure 2. Although a visual inspection
of those means and confidence intervals suggested
a possible sex effect, no statistically significant
difference was found, F(1, 157) = 3.28, p =
0.07, 1,2 = 0.02. To further explore the main ef-
fect of emotion, follow-up one-way ANOVAs were
conducted to look at how men and women re-
sponded to each of the four categories of emotion.
Although performance for happy, sad and angry
faces was similar, women were significantly better
at recognising fearful facial expressions than men,
F(1, 158) =5.512, p = 0.02.

Figure 2 also displays responses by males
and females to each emotion category within the
DANVA-Voices task. Using a 2 (sex) x 4 (emo-
tion) mixed design ANOVA, women were found
to perform on average significantly better than
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FIGURE 1

Mean response accuracy for men and women by emotion recognition task.

men, F(1, 157) = 541, p = 0.021, np2 = 0.03.
Response accuracy on this task was also found
to significantly depend upon emotion category,
F(2.86, 449.49) = 13.87, p < 0.001, n,*> = 0.08.
As previously, no statistically significant interac-
tion was found between sex and emotion category
on this measure, F(2.87,449.49) = 1.88,p =0.13,
1> = 0.01. Follow-up one-way ANOVAs showed
that women recognised sad vocal expressions sig-
nificantly better than men, F(1, 157) = 11.26,p =
0.001.

Finally, a 2 (sex) x 4 (emotion category) mixed
design ANOVA was also conducted to investigate
the impact of emotion category on the ability of
men and women to use contextual cues to infer oth-
ers’ emotions on the EIST. Similar to the DANVA-
Faces and DANVA-Voices tasks, results showed
significant main effects for both sex, F(1, 158) =
8.11, p = 0.005, n,2 = 0.05, and emotion category,
F(2.70, 432.91) = 4.253, p = 0.006, n,> = 0.03,
whereas no statistically significant interaction was
found between sex and emotion category on this
measure, F(2.70, 432.91) = 0.373, p = 0.753, n,?
= 0.002. Although women scored higher for all
four emotions targeted in the EIST (see Figure 2),
this difference was only significant for stories in
which the characters were feeling sad, F(1, 158)
=5.48, p = 0.02 or fearful, F(1, 158) =3.64,p =
0.05.

Did men and women respond differently to high-
and low-intensity facial and vocal emotion ex-
pressions? Only the DANVA-Faces and DANVA-
Voices tasks have stimuli identified as high and
low in intensity. For both tasks, a 2 (sex) x 2 (in-
tensity) mixed design ANOVA was conducted to
evaluate the influence of stimulus intensity on re-
sponses by males and females. For the DANVA-
Faces task, we observed a significant main effect
for intensity, F(1, 157) =206.12, p < 0.001, r;p2 =
0.57 — participants were less accurate in identify-
ing low-intensity facial emotion expressions (see
the left half of Figure 3). A significant main ef-
fect of sex was not observed, F(1, 157) = 3.28, p
= 0.072, n,> = 0.02. To further explore the main
effect of intensity, a follow-up one-way ANOVA
was conducted to look at how men and women
responded to high- and low-intensity expressions.
We observed a significant sex difference for high-
intensity expressions, F(1, 157) =4.92, p = 0.028,
female participants were more accurate in identify-
ing high-intensity facial emotion expressions (see
the left half of Figure 3).

The 2 (sex) x 2 (intensity) mixed design
ANOVA for the DANVA-Voices task showed a
significant main effect for both intensities, F(1,
157) = 17.84, p < 0.001, n,> = 0.10 and sex,
F(1, 157) = 5414, p = 0.021, n,> = 0.03.
No significant interaction effect was found,
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FIGURE 2

Mean response accuracy for males and females by emotion category and task.
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FIGURE 3

Mean response accuracy by men and women for high- and low-intensity stimuli.

F(1, 157) = 2.573, p = 0.111, n,> = 0.02. Al-
though women were better able to identify both
high- and low-intensity expressions than men (see
right half of Figure 3), this difference was only
significant for low-intensity vocal emotion expres-
sions, F(1,157) = 6.99, p = 0.009.

Discussion

The primary objective of the current study was to
compare how accurately men and women with TBI
recognise facial and vocal emotion expressions of
emotion, and how well they use contextual cues to
infer how another person is feeling. We hypothe-
sised that women would score significantly higher
than men for all three tasks. Our hypothesis was
partially supported. Women with TBI in the cur-
rent study scored significantly higher than men on
the, DANVA-Voices and EIST tasks. It appears
that the female advantage often found in healthy
controls is at least partially maintained following
a TBI (Collignon et al., 2010; Hall & Matsumoto,
2004; Kessels et al., 2014; Krach et al., 2009; Mon-
tagne et al., 2005; Rosip & Hall, 2004; Schirmer,
Kotz, & Friederici, 2002; Thayer & Johnson, 2000;
Thompson & Voyer, 2014).

Studies with healthy adults have reported that
women are better able to identify emotions in
others when only facial cues are available (Col-
lignon et al., 2010; Hall & Matsumoto, 2004; Mon-
tagne et al., 2005). Recent work also showed su-
perior performance for facial affect recognition by
women with TBI when compared to men with TBI
(Rigon, Turkstra, Mutlu, & Duft, 2016). Our find-
ings did not support this. It is possible that our
findings differ from Rigon et al. (2016) because of
our use of static stimuli and their use of dynamic
stimuli. Interpreting emotion in everyday interac-
tions requires us to decode moving and continu-
ally changing facial features so our visual systems
are primed for this type of stimuli (Cunningham &
Wallraven, 2009). Furthermore, static and dynamic
facial expressions of the emotion are processed in
different areas of the brain, with greater brain re-
sponses to dynamic stimuli (Adolphs, Tranel, &
Damasio, 2003; LaBar, Crupain, Voyvodic, & Mc-
Carthy, 2003; Collignon et al., 2008; Schulz &
Pilz, 2009). Alternatively, the lack of a signifi-
cant sex difference on the DANVA-Faces task may
have been due to the amount of time participants
were given to view each stimulus. Previous re-
search has indicated that superior facial emotion
recognition for women only occurs under limited
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exposure times, particularly when exposure is less
than 10 seconds (Hampson et al., 2006). Partici-
pants in the current study were given 15 seconds
per facial stimulus compared to the standard 2 sec-
onds given in the DANVA-Faces protocol. Healthy
women have been reported to have faster speed
of processing than men (Camarata & Woodcock,
2006), and in a subset of the current sample, we
previously concluded that information processing
speed was one of a number of factors that was re-
lated to facial affect recognition performance (Yim,
Babbage, Zupan, Neumann, & Willer, 2013). Thus,
although we felt it important to increase exposure
time to minimise the impact of potential speed of
processing difficulties on performance, it is possi-
ble that in doing so, we eliminated expected sex
differences in performance.

Our women with TBI were better than men
at identifying emotion using only vocal cues, a
finding similar to the sex differences reported for
healthy adults (Bonebright et al., 1996; Collignon
et al., 2010; Schirmer et al., 2005). In addition, a
significantly smaller proportion of women (19%)
were found to have vocal emotion recognition im-
pairment than men (41%). Thus, it appears that
in women, vocal affect recognition impairment is
less common than facial affect recognition deficits
(19% and 32%, respectively). This was not ex-
pected, given that recognising emotion using only
vocal cues is typically more challenging than us-
ing only facial cues (Johnstone & Scherer, 2000;
Russell, Bachorowski, & Fernandez-Dols, 2003;
Walbott & Scherer, 1986). In contrast, a similar
proportion of men were found to be impaired for
voices (41%) and faces (42%). Taken together,
these results raise the possibility that the recog-
nition of vocal emotion expressions may be less
vulnerable to injury in women following TBI. Re-
search with healthy men and women has shown
that during speech perception, women are influ-
enced by the vocal affect within the message much
earlier than men (Schirmer & Kotz, 2003; Schirmer
et al., 2002). If women do in fact access the emo-
tional information within a message earlier than
men, the additional time may allow them oppor-
tunity to make more accurate judgments about the
emotional tone of voice, particularly, if speed of
processing is compromised as it often is after TBI.

Similar to previous work that has indicated that
people with TBI have difficulty making inferences,
emotional or otherwise (Bibby & McDonald, 2005;
Milders, Ietswaart, Crawford, & Currie, 2006), a
large proportion of both men (91%) and women
(75%) in our sample were found to be impaired
in their ability to use contextual cues to make
inferences about how someone is feeling. How-
ever, women with TBI were more accurate than

men in this ability, supporting work with healthy
women and men in tasks that involve identify-
ing the thoughts and emotions of others (Baron-
Cohen, Richler, Bisarya, Gurunathan, & Wheel-
wright, 2003). Our findings also support Turkstra’s
(2008) study examining social inferencing abilities
of adult men and women with TBI in a theory of
mind task. It is important to point out that the EIST
is not a theory of mind task per se but instead a
language-based task that requires people to inte-
grate available contextual and situational cues to
make an inference about how someone is feeling.
Since women with TBI have been shown to out-
perform men on language and working memory
tasks (Ratcliff et al., 2007), it is possible that our
results reflect differences in language and working
memory skills and superior emotional inferencing
abilities for women with TBI. We did not conduct
language or working memory assessments to rule
out this possibility.

One of the secondary objectives of the current
study was to explore if men and women responded
differently to stimuli representing different emo-
tion categories. Although women scored higher
than men for all three tasks, across all four emo-
tions, this difference was not always statistically
significant. Overall scores for men and women with
TBI did not differ on the DANVA-Faces task. Ex-
amination of mean responses (see Figure 2) shows
nearly identical responding to happy facial expres-
sions by these two groups. This observation is not
surprising given that happy was the only positive
emotion included in the current study and also
the emotion most easily recognisable in the face
(Adolphs, 2002; Keltner & Ekman, 2000). Fearful
was the most challenging emotion to identify by
both groups. This pattern of recognition matches
that reported by Rosenberg et al. (2014) for both
people with and without TBI.

Although we found fearful to be the most
difficult emotion to identify in the face overall,
women were better able to recognise this emo-
tion than men. This observed superior performance
supports research with healthy adults that reports
that women recognise negative facial emotion ex-
pressions better than men (Hampson et al., 2006;
Kessels etal., 2014; Liet al., 2008; Thayer & John-
son, 2000).

For the DANVA-Voices task, we had hypoth-
esised that women would show superior perfor-
mance compared to men in their ability to identify
vocal emotion expressions, particularly negatively
valenced expressions. We observed the expected
pattern — women with TBI were more accurate
in their recognition of vocal emotion expressions
overall, and significantly fewer of them were im-
paired compared to men. Response accuracy was
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also found to be dependent upon the emotion cate-
gory in this task, suggesting either that some emo-
tions are easier to recognise than others, or that
the item difficulty across emotion categories is not
equivalent on this measure.

The ability of men and women to use contex-
tual cues to make emotional inferences has not
been well studied, even in healthy populations.
However, since women are generally thought to
have stronger social-emotional skills than males
and better recognition of negatively valenced emo-
tions, we predicted that they would show supe-
rior performance for sad, angry and fearful sto-
ries. A large proportion of both women and men
were found to be impaired on this task. Alongside
this, our hypothesis regarding a sex difference was
again largely supported, although we found a gen-
eral main effect for this sex difference. That is,
the sex difference was not restricted to our three
negatively valenced emotions — women also per-
formed better than men at using contextual cues to
recognise happy stimuli.

The final objective of the current study was
to explore sex differences in response to high-
and low-intensity stimuli on the DANVA-Faces
and DANVA-Voices tasks. Low-intensity stimuli
present subtler cues and thus it would be expected
that correct identification would be more difficult,
as observed. Studies with healthy men and women
have shown that though women are better able
to identify low-intensity facial emotion expres-
sions than men, the advantage disappears for high-
intensity expressions (Hoffmann et al., 2010; Mon-
tagne et al., 2005). Our results showed the opposite
effect — women with TBI were significantly more
accurate than men in identifying high-intensity fa-
cial emotion expressions. This result supports work
by Rosenberg et al. (2014), who found a facilitative
effect for the recognition of facial expressions as
the intensity of the stimulus increased. However,
our results conflict with those of Spell and Frank
(2000), who found that compared to healthy con-
trols, people with TBI have significantly more diffi-
culty identifying high-, but not low, intensity facial
emotion expressions. It may be that only men differ
from controls in the recognition of high-intensity
expressions. Since Rosenberg et al. (2014) sug-
gested that intensity cues may more greatly influ-
ence the recognition of facial emotion expressions
than valence and/or specific emotion categories,
this needs to be further explored in future stud-
ies that include men and women with and without
TBI and a large number of high- and low-intensity
stimuli.

Responses to the DANVA-Voices suggested
that women were more effective than men at using
information from low-intensity stimuli when inter-

preting paralinguistic cues of emotion. Women’s
ability to make use of low-intensity information is
reflected in their more accurate recognition of sad
vocal expressions — expressions that are character-
istically low in intensity (Zupan et al., 2009). This
finding further supports Rosenberg et al. (2014)’s
suggestion that intensity may be the primary cue
influencing emotion perception.

Study Limitations

This study has several limitations that should be
noted. First, we increased the presentation time for
the stimuli in the DANVA-Faces task from its stan-
dardised 2 seconds to 15 seconds. We did this to
decrease the impact of potential speed of process-
ing difficulties on performance, difficulties that are
common following TBI. In doing so, we inten-
tionally deviated from the procedure used in the
normative study reported in the DANVA manual,
making this comparison less direct. We may also
have inadvertently altered the findings given pre-
vious research that response time can mediate ob-
served sex differences. Additionally, although the
DANVA-Faces has been shown to have good reli-
ability and validity and has been used previously
with people with TBI, the stimuli are not repre-
sentative of the dynamic facial expressions people
encounter in everyday life, limiting generalisation
of results. Future studies investigating sex differ-
ences in facial emotion recognition following TBI
should include dynamic facial expressions, which
would provide a more natural context for selecting
the time that an emotion is presented.

Although the purpose of the current study was
not to compare the performance of men and women
with TBI to healthy men and women, the lack
of a matched control group might still be viewed
as a limitation. Although the DANVA-Faces and
DANVA-Voices both include age-adjusted norms,
neither of the three tasks included norms for
healthy men and women, nor did they include addi-
tional demographic information (e.g., level of ed-
ucation). Future studies exploring emotion recog-
nition and emotional inferencing abilities of men
and women with TBI and the potential factors that
influence these skills (e.g., emotion category and
intensity) should include a healthy control group
closely matched for age, sex and education.

All measures administered in the current study
used a four-choice response format, with one pos-
itive alternative (happy) and three negative ones
(sad, angry and fearful). This may have resulted in
artificial accuracy of responses if participants were
using exclusion rules in response selection. Future
studies should consider using a modified forced-
choice format that additionally gives participants
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the option of responding ‘I don’t know’, a for-
mat shown to reduce artificially forced agreement
(Frank & Stennett, 2001).

The current study was also limited in its use
of only four emotion categories. Although these
four emotions have been widely examined in sim-
ilar studies, future studies should use stimuli that
include a greater number of overall emotions and a
more equal number of positive and negative emo-
tions. This would allow for better analysis of how
men and women respond to specific emotion cate-
gories, and whether women do in fact have supe-
rior recognition of negatively valenced emotions,
or if they are just better at differentiating between
similar cues.

In addition to including a greater number of
emotion categories, future studies of this type
should also include a larger number of high- and
low-intensity exemplars within each emotion cate-
gory. Our results suggest that cues of intensity may
have been a key contributor to the sex differences
that were observed. However, the limited number
of high- and low-intensity expressions with each
emotion category on the DANVA did not allow for
direct analysis of this hypothesis.

Finally, the current study did not include a lan-
guage or working memory measure. Inclusions of
these measures would have allowed us to determine
if sex differences found on the EIST, a language-
based task, were related to differences in language
or working memory capabilities and more confi-
dently conclude that results of the EIST task reflect
sex differences in emotional inferencing abilities.

Conclusions

Studies investigating sex differences following
TBI are limited. Results of the current study in-
dicated that even after a TBI, women have an ad-
vantage over males in the recognition of vocal emo-
tion expressions and emotional inferencing skills.
However, despite scoring higher on average than
males, a significant proportion of women were still
found to be impaired when compared to the nor-
mative means for each task. In other words, al-
though women with TBI may do better than men
overall, the proportion of women found to be im-
paired for facial affect recognition (19%), vocal
affect recognition (32%) and emotional inferenc-
ing (75%) was not marginal, and women would
benefit as much as men from remediation of these
difficulties. Thus, these skills should be routinely
evaluated in both sexes following TBI, and treated
clinically, as needed, as part of the patient’s re-
habilitation programme. Similar to Rigon et al.
(2016), our findings also highlight the importance
of including sex as a factor in studies evaluating

emotion recognition and emotional inferencing. It
is acknowledged that the stimuli used in this study
do not offer an ideal picture of how well partic-
ipants with TBI recognise emotions in everyday
life; thus future studies should endeavour to eval-
uate emotion recognition using more ecologically
valid methods (e.g., dynamic visual stimuli and
combined nonverbal cues). Such methods would
offer us more insight into sex differences in emo-
tion recognition and emotional inferencing follow-
ing TBL
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