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bstract

Changes in emotional and social behaviour are relatively common following traumatic brain injury (TBI). Impairments in recognising the
motional state of others may underlie some of the problems in social relationships that these patients experience. The few previous studies
xamining emotion recognition in TBI typically assessed patients once, long after the onset of brain injury, making it difficult to distinguish the
irect effect of brain injury from the effects of environmental changes. This study examined 30 patients with TBI shortly after brain injury and 32
rthopaedic control patients on their recognition of emotions expressed in the face and the voice using discrimination and labelling tasks. These

atients were followed up 1 year later to examine the longitudinal development of emotion recognition deficits. TBI patients were found to be
mpaired on emotion recognition compared to the control patients both early after injury and 1 year later. The fact that impairments in emotion
ecognition were evident early after TBI and no evidence of recovery over time was found, suggests a direct effect of brain injury.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

There has been a recent increase in the number of stud-
es examining emotion recognition in different patients groups,
owever emotion recognition in patients with traumatic brain
njury (TBI) is of particular interest because of the possible link
ith changes in emotional and social behaviour. Changes in

motional and social behaviour are relatively common follow-
ng TBI (Kendall & Terry, 1996; Prigatano, 1992). Impairment
n recognising the emotional state of others may underlie some
f the problems in social relationships that these patients expe-
Please cite this article in press as: Ietswaart, M., et al., Longitudinal asp
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ience. Below, the evidence from the relatively few studies
xamining emotion recognition in TBI is summarised, followed
y an outline of some of the pending issues that are of interest
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n relation to the question whether emotion recognition deficits
ay underlie some behavioural changes following TBI.
Evidence that changes in emotional and social behaviour may

e associated with impairments in recognising emotions comes
rom work in patients with behavioural changes following focal
rontal lesions. Hornak, Rolls, and Wade (1996) demonstrated
hat impaired recognition of expressions was associated with
ubjective reports of emotional change in patients with dam-
ge to the ventral frontal lobes. Case studies of patients with
ehavioural disturbances following damage to the orbitofrontal
ortex have shown impaired recognition of facial expressions
Blair & Cipolotti, 2000). In patients with schizophrenia Hooker
nd Park (2002) found a significant correlation between emo-
ion recognition and social functioning. With regards to TBI,
ects of emotion recognition in patients with traumatic brain injury,

ettersen (1991) noted that head injured children and adoles-
ents who were impaired at recognising facial expressions were
lso rated by their parents as showing less socially appropriate
ehaviour.

dx.doi.org/10.1016/j.neuropsychologia.2007.08.002
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Studies of neurological patients and neuroimaging studies
ave indicated a distributed network associated with emotion
ecognition, involving the frontal cortex and regions within the
emporal lobes (Adolphs, 2002; Sprengelmeyer, Rausch, Eysel,

Przuntek, 1998), and a role for white matter tracts (Adolphs,
amasio, Tranel, & Damasio, 1996). The brain regions most
ulnerable to TBI typically include the frontal and temporal lobe
e.g. Levin, Williams, Eisenberg, High, & Guinto, 1992) with
ssociated diffuse axonal damage (e.g. Adams et al., 1989).

There is indeed a steadily emerging record document-
ng TBI patients’ inability to recognise emotions in others
Braun, Lussier, Baribeau, & Ethier, 1989; Croker & McDonald,
005; Green, Turner, & Thompson, 2004; Hopkins, Dywan,

Segalowitz, 2002; Jackson & Moffat, 1987; McDonald &
aunders, 2005; Milders, Fuchs, & Crawford, 2003; Pettersen,
991; Spell & Frank, 2000). The majority of these studies made
se of photographs of facial expression and generally showed
hat chronic TBI patients were poorer at recognising facial
xpressions than healthy controls. Some of these studies reported
educed ability to recognise negative emotions (Hopkins et al.,
002; Jackson & Moffat, 1987) or facial expressions of fear
n particular (Braun et al., 1989). However such findings may
eflect the general pattern of task difficulty as facial expression
f fear are also recognised most poorly by healthy participants
Biehl et al., 1997; Ekman & Friesen, 1976). Hopkins et al.
2002) complemented their findings with evidence of reduced
lectrodermal responses to negative emotions in patients with
BI.

Several studies examined recognition of emotions expressed
n channels other than facial expressions in patients with TBI.
ackson and Moffat (1987) found impairments in TBI patients
n the recognition of body postures related to social behaviour,
uch as “welcoming” or “indifferent” using displays of stick
gures. Braun et al. (1989) also used descriptions of emotional
cenes, while Pettersen (1991) used line drawings of emotional
cenes and emotional vignettes, all showing impaired emotion
ecognition in TBI patients.

Three studies examined emotion recognition through both
isual and auditory channels in TBI patients but the results
ere ambiguous. Milders et al. (2003) examined patients with

evere TBI on emotion recognition both in voices and faces and
ound impairments on both tasks. No comparison between per-
ormances on the two modalities was made. Spell and Frank
2000) found a mixed relationship between recognising emo-
ions in facial or vocal expressions, depending on whether the
timuli were expressed by a child, an adolescent or an older
erson. TBI patients were more impaired at recognising emo-
ional expressions in the voice than the face when presented
ith child and young adult stimuli, but the reverse pattern was

hown when presented with stimuli of older adults (Spell &
rank, 2000). McDonald and Saunders (2005) presented infor-
ation through the separate visual and auditory channels as well

s through integrated audiovisual displays and found that their
Please cite this article in press as: Ietswaart, M., et al., Longitudinal asp
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ample of TBI patients was unimpaired on recognising emotions
hrough the visual route, i.e. faces. However, the TBI patients
ere impaired on recognising emotions on the basis of audi-

ory information alone or audiovisual displays. Therefore, it is
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o far unclear whether there is a relationship between impair-
ents in recognising emotion in the voice or the face in patients
ith TBI. Association between impairment in both modalities
ould be of interest as this would indicate a generic emotion

ecognition deficit.
A limitation of previous studies examining emotion recogni-

ion in TBI patients – and in fact of many studies of acquired
motion recognition deficits – was that emotion recognition was
ssessed only once. The above studies examined chronic brain
njury patients, which for most patients was several years follow-
ng injury, with the exception of Green et al. (2004) who studied
evere TBI patients shortly after injury. As a result, little is know
bout the time course of emotion recognition abilities follow-
ng TBI, and one consequence of this is that it is more difficult
o attribute emotion recognition deficits directly to the effect of
rain damage. If impairments in emotion recognition are a direct
esult of the brain damage, impairments should be found early
fter injury and remain fairly stable over time or perhaps show
igns of recovery, in step with recovery in other cognitive func-
ions. However, it is also conceivable that emotion recognition
eteriorates over time. Emotion recognition impairments may
artly be an indirect consequence of TBI. For example, the anx-
ety and depression experienced by many chronic TBI patients
ould affect emotion recognition. Changes in patients’ social
nvironment following injury that result in fewer social inter-
ctions might also affect the ability to recognise expressions.
onsequently, emotion recognition deficits occurring shortly
fter injury might deteriorate further over time. At present the
ossibility that impairments in expression recognition increase
ver time in patients with TBI cannot be ruled out due to the
ack of longitudinal data. In other patients groups, such as in
chizophrenia, there are reports of deterioration in recognition
f emotional expressions with chronicity (Kington, Jones, Watt,
opkin, & Williams, 2000; Mueser et al., 1996). Assessment
f emotion recognition shortly after TBI and during the chronic
hase would clarify whether the deficit is a primary or secondary
onsequence of brain damage.

In summary, for emotion recognition to be a possible candi-
ate deficit underlying social and behavioural change one would
xpect that: (1) emotion recognition deficits are a direct effect
f the injury, rather that an indirect effect of patients’ changes
n social environment or their emotional reactions to the conse-
uence of the injury. Direct effect can be suspected if deficits
re present early after injury and remain fairly stable over time.
2) Emotion recognition deficits should not be explained by gen-
ral perceptual deficits, but be related to the emotional content.
3) Emotion recognition deficits should be associated with injury
everity, because injury severity is one of best predictors of social
utcome (Tate & Broe, 1999). Most studies so far included only
atients with severe TBI, therefore, it is difficult to examine the
elation between severity and emotion recognition deficits.

The current study focussed on the relation between emotion
ecognition and chronicity in TBI. Emotion recognition was
ects of emotion recognition in patients with traumatic brain injury,

ssessed in TBI patients shortly after they had sustained their
rst TBI and 1 year later, examining whether emotion recog-
ition deficits in TBI are present early after injury and remain
airly stable over time. Emotion recognition of both facial and

dx.doi.org/10.1016/j.neuropsychologia.2007.08.002
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ocal expressions was explored to examine the relation between
mpaired performance and emotional content. Impaired emo-
ion recognition in both face and voice would indicate a generic
motion recognition deficit. Emotion recognition in both modal-
ties was assessed at different task levels. At a basic non-verbal
evel patients were asked to match expressions of the same
motional content. Furthermore, the ability to name the emo-
ional expression in face or voice was examined in labelling
asks. Impairments in both matching and naming would indicate
eneral perceptual emotion recognition deficit rather that diffi-
ulty putting a label to the emotion. A further more sensitive
ask was included labelling subtle facial expressions presented
n images achieved by computer assisted morphing of differ-
nt expressions. This task would detect more subtle recognition
mpairments that may not be evident when labelling prototypical
acial expressions. No equivalent morphed task was available for
xpressions in the voice. Control tasks with non-emotional con-
ent were assessed in both modalities to ascertain that emotion
ecognition deficits were not resulting from general percep-
ual deficits. Through consecutive recruitment it was aimed to
nclude a representative sample of TBI patients with injuries
anging from mild to severe. Performance of the TBI group was
ompared with that of orthopaedic patients, who had sustained
raumatic orthopaedic injuries, and who were tested at the same
ime intervals as the TBI patients. Orthopaedic controls were
hosen in order to control for the potential impact of trauma
nd hospitalisation on test performance. The main questions of
his study were: (1) whether emotion recognition impairments
an already be identified early after TBI; (2) whether changes
n emotion recognition performance over a 1-year interval, if
resent, are suggestive of recovery or deterioration.

. Method

.1. Participants

In total 71 patients, 37 with TBI and 34 with orthopaedic injuries were
ecruited from the Departments of Neurosurgery and Orthopaedic Surgery at
berdeen Royal Infirmary. The patients with TBI were recruited consecutively
hile orthopaedic patients were recruited to match the TBI patients for gender,

ge and years of education. Through consecutive recruitment this study aimed
o include a representative sample of patients with TBI. Patients in the TBI
roup were included in the study on the basis of the following inclusion criteria:
1) a clinical diagnosis of TBI during hospitalisation; (2) acute traumatic brain
amage evident on the patient’s CT scan; or (3) evidence of post-traumatic
mnesia (PTA). Exclusion criteria were (a) a neurological or psychiatric history;
b) a history of alcohol or drug dependency; (c) dementia or learning difficulties;
d) persistent post-injury language deficits; (e) years of age younger than 16 or
lder than 70. An extra exclusion criterion for the orthopaedic patients was brain
njury or post-traumatic amnesia.

Two TBI patients were excluded because they had suffered previous brain
njuries. A further five TBI patients and two orthopaedic controls were excluded
ecause they did not return for the 1-year follow-up assessment. Therefore, the
nalysis of this study involved a sample of 30 TBI patients (25 males and 5
emales) and 32 orthopaedic controls (28 males and 4 females). The two groups
ere matched for age (average age of TBI patients 37.5 [S.D. 16.3] and of
Please cite this article in press as: Ietswaart, M., et al., Longitudinal asp
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rthopaedic controls 35.6 [S.D. 13.3]), for years of education (average years of
ducation of TBI patients 13.2 [S.D. 2.0] and of orthopaedic controls 13.6 [S.D.
.2]), and matched for socio-economic status (SES, average SES score of TBI
atients 4.5 [S.D. 1.95] and of orthopaedic controls 3.7 [S.D. 2.05] according
o the UK’s National Statistics Socio-Economic Classification (NS-SEC 2005,
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ffice for National Statistics, UK), a lower score indicating a higher SES). The
BI and orthopaedic patient groups were further comparable in that all patients
ad sustained traumatic injuries, which either included head injuries or were
estricted to orthopaedic injuries: 13 TBI patients and 15 orthopaedic controls
ad road traffic accidents, 5 TBI patients and 8 controls fell from a height, 6 TBI
atients and 5 controls had other falls, 5 TBI patients and none of the controls
ere assaulted, and finally 3 TBI patients and 4 orthopaedic controls suffered

njuries from other causes.
Mean duration of PTA in the TBI group, assessed either during the acute

hase or retrospectively, was 12.6 days (range 1–90 days) and the mean lowest
lasgow Coma Scale (GCS) score, assessed during the acute phase, was 10

range 4–15) in this group, but injury severity varied markedly among TBI
atients. Following the conventional classification (Teasdale & Jennett, 1974)
f mild injury (GCS 13–15 or PTA < 24 h), moderate injury (GCS 9–12 or PTA
–7 days) and severe injury (GCS < 9 or PTA > 7 days), 10 patients were classed
s mild, 9 as moderate and 11 as severe TBI. CT scans or surgical notes indicated
hat 12 of the TBI patients had damage predominantly in the frontal lobes,

patients had lesions predominantly in temporal or parietal areas and 6 had
iffuse lesions. No lesion information was available for six patients.

Patients were examined as soon as possible after their injury, typically just
efore or after the date of discharge from hospital. The average interval between
njury and first assessment was 2.1 (S.D. 1.8) months in the TBI group and
.2 (S.D. 1.0) months in the orthopaedic group; this difference was significant
p < .05). Patients were subsequently followed up around 1 year after the ini-
ial testing date to document their recovery. The average interval between first
ssessment and follow-up was 11.8 (S.D. 1.9) months for the TBI group and
1.4 (S.D. 1.8) months for the controls. This difference was not significant. All
articipants gave informed consent to participate in the study, which had been
pproved by the Grampian Research Ethics Committee.

.2. Material

.2.1. Recognising facial expressions
Three different tests assessed the recognition of facial expressions in TBI

atients and controls.

.2.1.1. Labelling facial expressions. This test consists of 60 photographs from
standard set of facial expressions (Ekman & Friesen, 1976). The expressions
epicted were fear, disgust, anger, happiness, sadness or surprise, which were
isplayed by 10 different individuals. The photographs were presented one by
ne on a computer screen accompanied by six labels naming the six different
motions. The task was to select the label that best described the facial expression
hown. Photographs were presented in random order and the position of the
ifferent response labels varied from trial to trial to avoid response bias based
n the location of the label. The participants were asked to respond as soon as
hey made a decision and response times were recorded.

.2.1.2. Labelling morphed facial expressions, the emotion hexagon. A more
ensitive version of Ekman and Friesen’s task was developed by Calder et al.
1996). This task used computer-interpolated (‘morphed’) images that were
reated on the basis of the expressions of one of the faces in the Ekman
nd Friesen set. To create these morphed images facial expressions had been
rdered by placing each expression adjacent to the one it was most likely to be
onfused with in Ekman and Friesen’s (1976) norms; this gave the sequence
appiness-surprise-fear-sadness-disgust-anger. Each expression was blended
ith the other emotional expression according to the following mixes 90/10%,
0/30%, 50/50%, 30/70%, or 10/90% to form a morphed facial expression.
ealthy subjects were able to attribute these ‘blended’ expressions as belonging

o the nearest distinct emotion (Calder et al., 1996). The number of items in
his task also permitted identification of impairment of recognition of specific
motions. The photographs were presented one by one on a computer screen
ccompanied by six labels naming the six different emotions. After 2 s the pre-
ects of emotion recognition in patients with traumatic brain injury,

entation reverted to an image of the same face with a neutral expression. A
esponse could be made before or after the 2-s presentation. The task was to
elect the label that best describes the emotional expression shown. Each image
as presented twice resulting in 60 trials presented in random order and the
osition of the different response labels was varied from trial to trial. The par-

dx.doi.org/10.1016/j.neuropsychologia.2007.08.002
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icipants were asked to respond as soon as they made a decision and response
imes were recorded.

.2.1.3. Matching facial expression across identity. In this test five photographs
f facial expressions displayed by different individuals presented in a vertical
ine centrally on a computer screen. The faces came from the standard set of
acial expressions (Ekman & Friesen, 1976) as discussed above. The task is to
elect one of the four faces that matches the facial expression of the face at the
op of the screen. Sets were presented in random order and response times were
ecorded. There were 18 trials, three for each of the 6 expressions: fear, disgust,
nger, happiness, sadness and surprise presented in random order.

.2.2. Recognising emotions in the voice
Recognition of emotional prosody was tested with two subtests from the

lorida affect battery (FAB: Bowers, Blonder, & Heilman, 1991).

.2.2.1. Emotional prosody discrimination. In this test 20 pairs of emotionally
eutral sentences (e.g. “The lamp is on the table”) were spoken in the same or a
ifferent emotional tone of voice. Participants were required to indicate whether
he affective prosody of each sentence pair was the same or different. The labels
same, different) were presented on a computer screen, and the participant could
elect one of the labels at any time after the two sentences were completed, and
articipants were asked to make a selection as soon as they made a decision.
here were 10 correct ‘same’ and 10 correct ‘different’ answers. Trials were
resented in random order and response times were recorded.

.2.2.2. Labelling emotional prosody. Twenty emotionally neutral sentences
ere spoken in one of five possible tones of voice: happy, sad, angry, fearful,
eutral. The five possible emotion labels were presented on a computer screen.
articipants were required to select the emotion label which best described the
ffective prosody for each sentence. Sentences were presented in random order
nd the position of the different response labels was varied from trial to trial.
he participants were asked to respond as soon as they made a decision and

esponse times were recorded. There was no second voice labelling task as there
s no equivalent of the morphed facial expression task available for expressions
n the voice.

.2.3. Control tasks and tasks of cognitive ability

.2.3.1. Boston diagnostic aphasia examination. All participants were
creened for language comprehension deficits using the complex ideation subtest
f the Boston diagnostic aphasia examination (Goodglass & Kaplan, 1983).

.2.3.2. Digit symbol. The digit symbol test is a subtest of the Wechsler adult
ntelligence scale (WAIS-III; Wechsler, Wycherley, Benjamin, Crawford, &

ockler, 1998), and is a measure of mental speed. The task consists of a sample
ine of digits numbered 1–9 and printed below each digit is a simple nonsense
ymbol. Patients were presented with a sheet containing the digits 1–9 in random
rder and the task was to write the associated symbol next to the correct digit.
he digit symbol score was the number of correct symbols produced within 90 s.
he digit symbol test is known to be very sensitive to the effects of brain injury
nd was included as an indicator of general cognitive processing speed.

.2.3.3. Brixton spatial anticipation test and alternating fluency test. Executive
unction was assessed using two standard neuropsychological tests, a non-verbal
est, the Brixton spatial anticipation test (Burgess & Shallice, 1997), and a verbal
est, the alternating fluency test (Downes, Sharp, Costall, Sagar, & Howe, 1993).
he Brixton spatial anticipation task consists of a series of pages showing 10
ircle outlines, one of which is filled. The position of this filled circle changes
rom one page to the next following specific rules. The participants’ task is to
etect these rules and use these to predict the position of the filled circle on the
Please cite this article in press as: Ietswaart, M., et al., Longitudinal asp
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ext page. The Brixton test requires 54 responses and the number of correct
esponses was recorded.

The verbal alternating fluency test requires continual switching between two
emantic categories. The test consists of three subtasks: (1) words beginning with
and countries; (2) words beginning with D and colours; (3) words beginning
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ith C and occupations. The total alternating fluency score was the sum of the
orrect responses for the three subtasks.

.2.3.4. National adult reading test (NART: Nelson & Willison, 1991). This
est was included as a potential measure of pre-morbid intelligence. The task
nvolves the pronunciation of irregular words, and the rational behind the task is
hat the ability to read the words correctly is not affected by mental deterioration
n dementia. It therefore provides a way to estimate pre-morbid IQ in demen-
ia and possibly other brain damaged populations. The validity of the NART in
BI, however, is somewhat unclear as it has been found that in a large proportion
f the TBI patients NART performance was impaired relative to the expected
erformance based on the patients’ education, socio-economic status, age and
ender (Freeman, Godfrey, Harris, & Partridge, 2001), and an association was
ound between NART performance and injury severity in TBI (Morris, Wilson,
unn, & Teasdale, 2005), thus underestimating pre-morbid intellectual ability.
he NART was assessed in the current study for the purpose of documentation;
owever, the principle method to control for differences in pre-morbid intellec-
ual ability was achieved by matching the TBI and control group for years of
ducation and socio-economic status.

.2.3.5. Benton facial recognition test (Benton et al., 1983). This test was used
o control for possible impairments in face perception which could interfere
ith expression recognition. In this test, participants were required to identify
ut of six photographs of unfamiliar faces the picture of the same person as the
imultaneously presented target face photograph. The set contained an identical
ront-view photograph in early trials, but in subsequent trials gradually more
hallenging matches with different three-quarter views or under different light-
ng conditions. The short version of the test was used (13 trials), unless the
atient made 7 or more errors (indicating a borderline score or less), in which
ase the full version was used (22 trials). The same accuracy score was obtained
or both versions using standard conversion tables for this test.

.2.3.6. Non-emotional prosody discrimination. This is a control subtest from
he Florida affect battery that we used as a control task for possible perceptual
eficits which could affect performance on the affective prosody tests. The test
onsists of 16 pairs of sentences spoken either in an interrogative or a declarative
one of voice. For half the sentence pairs the tone of voice is the same, for half
t is different, and participants indicated whether the non-emotional prosody in
he two sentences was the same or different.

.2.3.7. Depression and anxiety. The factor of depression and anxiety in rela-
ion to emotion recognition was assessed with the hospital anxiety and depression
cale (HADS) (Zigmund & Snaith, 1983). This measure was designed for
atients with a physical illness and has been widely used to assess mood amongst
atients, without a psychiatric co-morbidity, in general hospitals.

.3. Procedure

All participants were tested individually either at their home, the School of
sychology or on the hospital ward. Patients were tested twice on all neuropsy-
hological and emotion recognition tasks mentioned above, first shortly after
hey had sustained their injury (TBI or orthopaedic injury) and again about 1
ear after this first assessment.

. Results

.1. Control tasks and cognitive ability

Mean scores of the TBI and control groups at first and second
ssessment on each of the control tasks are shown in Table 1.
ects of emotion recognition in patients with traumatic brain injury,

cores on these tasks shortly after injury and at follow-up were
ompared between the TBI and control groups in separate 2
group) by 2 (time of assessment) repeated measures ANOVAs.
onferroni corrections were applied to control for the effect

dx.doi.org/10.1016/j.neuropsychologia.2007.08.002
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Table 1
Mean performance on each of the standardised neuropsychological tests for the TBI patient group and the orthopaedic control group, shortly after injury and at 1-year
follow-up

Control tasks Shortly after injury One year follow-up

TBI, M (S.D.) Controls, M (S.D.) TBI, M (S.D.) Controls, M (S.D.)

Benton task (% correct) 79 (14.2) 88 (8.2) 85 (8.9) 89 (7.6)
Prosody control task (% correct) 90 (10.5) 93 (9.7) 92 (10.8) 91 (11.5)
Digit symbol test (total score) 56 (18.4) 68 (16.4) 64 (18.0) 77 (15.7)
Brixton (total correct) 37 (5.9) 39 (6.4) 37 (6.9) 41 (4.4)
Fluency (total score) 29 (11.1) 39 (7.5) 34 (10.4) 44 (9.2)
NART (total correct) 22 (9.7) 29 (8
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ADS (total score) 10 (8.0)
oston language test (total score) 11 (1.3)

f multiple comparisons, adjusting alpha levels to .05/5 = .01.
hese analyses showed no significant group differences on

he hospital anxiety and depression scale (HADS), the non-
motional prosody discrimination (control) task, or the Brixton
patial anticipation test (p > .02), but significantly lower scores
n the TBI group than the control group on the digit symbol
est (F(1, 60) = 8.24, p < .01, η2

p = .12), the alternating flu-

ncy test (F(1, 60) = 18.71, p < .001, η2
p = .25), the NART (F(1,

0) = 10.57, p < .01, η2
p = .15), and the Benton facial recogni-

ion task (F(1, 60) = 8.58, p < .01, η2
p = .13). Although the mean

enton score of the TBI group was below that of the con-
rols, 24 out of 30 TBI patients and 31 out of 32 orthopaedic
atients performed within the normal range at initial assess-
ent, and at 1-year follow-up all but one TBI patient and one

rthopaedic control performed within the normal range (Benton,
amsher, Varney, & Spreen, 1983). Significant main effects of

ime of assessment were found for the Digit Symbol test (F(1,
0) = 55.84, p < .001, η2

p = .50), and the Alternating Fluency test

F(1, 60) = 30.55, p < .001, η2
p = .36): performance was better

t follow-up than shortly after injury. A trend for an interaction
Please cite this article in press as: Ietswaart, M., et al., Longitudinal asp
Neuropsychologia (2007), doi:10.1016/j.neuropsychologia.2007.08.002

etween group and time of assessment was evident on the Ben-
on test (F(1, 60) = 4.30, p < .05, η2

p = .07), reflecting a relatively
tronger improvement over time in the TBI group than in the con-
rols. In fact, at follow-up Benton test scores did no longer differ

t
f

f

f

able 2
ean performance on each of the emotion recognition tasks

Shortly after injury

TBI patients Orthopaedic contro

% correct,
M (S.D.)

RT (s),
M (S.D.)

% correct,
M (S.D.)

R
M

acial expressions
Matching expressions 83.2 (13.7) 10.4 (5.59) 91.3 (9.1) 6.
Labelling expressions 73.0 (16.43) 6.7 (4.31) 83.3 (7.57) 4.
Labelling morphed

expressions
73.2 (19.43) 4.1 (1.40) 87.6 (9.13) 3.

ocal expressions
Discriminating

prosody affect
94.5 (10.37) 1.0 (.59) 96.7 (3.27) .

Labelling prosody
affect

77.2 (17.16) 3.0 (1.38) 89.4 (8.87) 1.

he table shows accuracy and reaction times on the emotion recognition tasks for eac
.5) 22 (10.6) 30 (8.3)

.9) 10 (8.0) 7 (5.5)

.2) 12 (.7) 12 (.7)

etween the two groups (p > .10). None of the patients scored
elow cut-off on the complex ideational subtest of the Boston
iagnostic aphasia examination, which would have indicated
anguage comprehension deficits.

.2. Emotion recognition tasks

.2.1. Group differences on global scores for emotion
ecognition tasks

The global scores (i.e. collapsed across the different emo-
ions) of the TBI and control groups at first and second
ssessment on emotion recognition tasks are shown in Table 2.
he mean number of correct responses and reaction times (based
n individuals’ median reaction time of correct responses only)
hortly after injury and at follow-up were compared between the
BI and control groups in separate 2 (group) by 2 (time of assess-
ent) repeated measures ANOVAs for each of the five emotion

ecognition tasks. The alpha level was adjusted for the number
f comparisons for each measure (accuracy or reaction times):
05/5 = .01. Recognition accuracy in TBI patients was found
ects of emotion recognition in patients with traumatic brain injury,

o be impaired on all expression recognition tasks: matching
acial expressions (F(1, 60) = 7.40, p < .01, η2

p = .11), labelling

acial expressions (F(1, 60) = 9.85, p < .01, η2
p = .14), morphed

acial expressions (F(1, 60) = 13.69, p < .001, η2
p = .19), and

One year follow-up

ls TBI patients Orthopaedic controls

T (s),
(S.D.)

% correct,
M (S.D.)

RT (s),
M (S.D.)

% correct,
M (S.D.)

RT (s),
M (S.D.)

5 (2.78) 88.2 (13.03) 7.6 (3.12) 93.9 (8.97) 5.2 (1.31)
3 (1.22) 79.8 (11.55) 5.4 (1.94) 85.8 (7.06) 3.6 (.61)
4 (.91) 79.7 (13.91) 4.0 (1.32) 88.6 (8.48) 2.9 (.52)

81 (.31) 96.7 (5.14) .83 (.33) 94.7 (9.50) .71 (.24)

9 (.90) 81.2 (15.18) 2.7 (1.84) 89.4 (9.98) 1.5 (.71)

h of the groups, shortly after injury and at 1-year follow-up.

dx.doi.org/10.1016/j.neuropsychologia.2007.08.002
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Table 3
Mean performance on recognition of individual emotions on the three expression labelling tasks

Shortly after injury One year follow-up

TBI patients Orthopaedic controls TBI patients Orthopaedic controls

% correct,
M (S.D.)

RT (s),
M (S.D.)

% correct,
M (S.D.)

RT (s),
M (S.D.)

% correct,
M (S.D.)

RT (s),
M (S.D.)

% correct,
M (S.D.)

RT (s),
M (S.D.)

Facial expression
Happiness 96.0 (8.55) 5.4 (4.58) 98.1 (6.440) 3.4 (.97) 96.3 (8.50) 4.0 (1.51) 99.1 (2.96) 2.8 (.48)
Surprise 83.3 (21.87) 8.5 (10.44) 91.6 (11.10) 4.3 (1.30) 85.3 (14.56) 6.1 (3.44) 93.1 (7.38) 3.6 (.66)
Fear 50.7 (24.77) 9.4 (5.52) 71.3 (22.11) 6.1 (5.41) 61.3 (29.56) 8.2 (6.85) 73.1 (18.74) 4.6 (1.68)
Sadness 74.0 (23.13) 8.0 (4.67) 88.1 (10.91) 5.1 (1.56) 82.3 (17.94) 6.7 (3.88) 90.3 (13.56) 3.9 (.87)
Disgust 68.7 (24.46) 9.5 (7.47) 73.8 (19.47) 5.7 (2.78) 74.7 (20.47) 7.7 (6.17) 74.7 (19.17) 4.2 (1.77)
Anger 65.3 (28.37) 7.1 (4.14) 77.2 (20.67) 4.9 (1.51) 79.0 (19.18) 6.5 (3.39) 85.5 (13.87) 4.0 (1.20)

Morphed expression
Happiness 90.0 (17.19) 3.5 (3.32) 94.1 (10.53) 3.0 (1.22) 92.5 (12.54) 3.7 (1.56) 97.6 (8.05) 2.6 (.76)
Surprise 76.3 (29.43) 5.9 (5.63) 90.3 (12.19) 3.6 (1.11) 77.9 (22.90) 4.7 (1.77) 82.0 (16.79) 3.2 (.73)
Fear 57.5 (33.41) 5.4 (3.21) 75.8 (25.59) 4.3 (2.61) 69.6 (32.61) 4.4 (1.89) 81.6 (23.75) 3.5 (.81)
Sadness 72.1 (31.26) 5.2 (3.34) 93.4 (19.05) 3.7 (1.42) 82.1 (19.61) 5.0 (2.30) 94.5 (11.43) 3.2 (1.02)
Disgust 71.3 (27.50) 5.4 (4.00) 86.4 (21.61) 3.4 (.73) 85.0 (21.38) 4.4 (1.60) 85.1 (24.48) 3.0 (.76)
Anger 72.1 (30.74) 4.8 (2.56) 81.3 (21.06) 4.0 (1.36) 72.9 (29.93) 4.0 (1.31) 85.5 (21.56) 3.2 (1.06)

Prosody affect
Happiness 81.8 (21.70) 3.5 (1.74) 86.8 (22.88) 2.6 (2.11) 80.8 (22.45) 4.6 (4.55) 89.0 (16.73) 1.8 (.95)
Fear 63.3 (37.55) 5.8 (4.17) 77.3 (24.08) 3.3 (2.17) 65.8 (33.78) 3.6 (2.55) 75.0 (28.40) 2.3 (1.18)
Sadness 87.5 (22.50) 3.0 (2.03) 95.3 (11.78) 1.8 (1.21) 96.8 (10.85) 2.7 (2.57) 97.8 (7.40) 1.3 (.83)
Anger 77.5 (26.55) 3.6 (2.41) 90.8 (15.23) 2.5 (2.06) 85.8 (20.43) 3.4 (2.87) 93.8 (11.00) 2.3 (2.00)
Neutral 80.8 (26.83) 4.4 (4.11) 94.5 (12.28) 2.3 (1.57) 76.8 (25.38) 3.8 (3.07) 91.5 (17.53) 1.8 (1.26)
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he table shows the mean percentage correct and reaction times per emotion on
or each of the groups, shortly after injury and at 1-year follow-up.

abelling prosody affect (F(1, 60) = 11.22, p < .001, η2
p = .16),

ith the exception of discriminating prosody affect (p = .932,
2
p < .001). Reaction times for correct responses were longer in
BI patients in all of the above tasks: matching facial expressions

F(1, 55) = 14.95, p < .001, η2
p = .21), labelling facial expres-

ions (F(1, 55) = 17.09, p < .001, η2
p = .24), morphed facial

xpressions (F(1, 55) = 10.56, p < .01, η2
p = .17), and labelling

rosody affect (F(1, 55) = 13.74, p < .001, η2
p = .21), again with

he exception of discriminating prosody affect (F(1, 55) = 3.74,
= .059, η2

p = .07) where the group difference was not signif-
cant. Significant main effects of time of assessment on both
ccuracy and reaction times were found for all facial expres-
ion tasks (F > 7.7, p < .01), but not for the prosody affect tasks
p > .04). There were no significant interactions between group
nd time of assessment to modify these main effects. In con-
lusion, although the TBI group had lower accuracy scores and
onger reaction time than controls, and both groups performed
ignificantly better at follow-up than at initial assessment, there
as no indication that TBI patients improved significantly more

han the controls.

.2.2. Recognition of individual expressions
To investigate impairments in the TBI group for recognising

pecific emotions and the claim that negative emotions would be
Please cite this article in press as: Ietswaart, M., et al., Longitudinal asp
Neuropsychologia (2007), doi:10.1016/j.neuropsychologia.2007.08.002

ffected in particular, we compared group differences for indi-
idual emotional expressions. The mean accuracy scores and
eaction times for correct responses on the three expression
abelling tasks (labelling of facial expressions, labelling mor-

i
l
f
a

acial expression task, the morphed expression task, and the prosody affect task

hed facial expressions, and labelling prosody affect) separated
y expression, are displayed in Table 3. The analysis of indi-
idual expressions was limited to the three labelling tasks only
ecause the matching facial expressions task did not include
ufficient number of trials to allow such an analysis and the
iscriminating prosody affect (matching) task did neither have
nough trials nor showed differences between TBI patients and
ontrols.

The specificity of the emotion recognition deficit in TBI
o particular emotions was explored in analyses on the accu-
acy scores and reaction times of the three labelling tasks in
eparate 2 (group) by 2 (time of assessment) by 6 (facial expres-
ion) or 5 (vocal expression) repeated measures ANOVAs with
motion and time of assessment as within-subject factors. Inter-
ctions between group and emotion would indicate that TBI
atients may have selective deficits for particular emotions.
he alpha level was adjusted for the number of comparisons

or each measure (accuracy or reaction times): .05/3 = .017.
main effect of emotion was found for all three tasks both

n accuracy (F > 22.17, p < .001) and reaction times (F > 8.8,
< .001). On accuracy the interaction between group and emo-

ion for labelling facial expressions did not reach significance
p > .06), as was found for morphed facial expressions (p > .37)
nd labelling prosody affect (p > .39). Similarly, the same com-
arisons for reaction times also indicated no evidence for an
ects of emotion recognition in patients with traumatic brain injury,

nteraction between group and emotion on any of the three
abelling tasks: labelling facial expressions (p > .08); morphed
acial expressions (p > .08); or prosody affect (p > .10). No inter-
ctions between group, emotion, and time of assessment were

dx.doi.org/10.1016/j.neuropsychologia.2007.08.002
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vident on accuracy of any of the tasks (p > .10), or on reac-
ion times of labelling facial expressions or labelling prosody
ffect (p > .10), with the exception of reaction times on mor-
hed facial expressions (F(5, 265) = 4.90, p = .016, η2

p = .06).
xploration of this interaction showed a trend for an interac-

ion between group and emotion on this task (F(5, 265) = 2.70,
= .022, η2

p = .05), but not at follow up (p > .27).
Lack of a clear pattern of selective expression recognition

mpairment in the TBI group was further confirmed by high
orrelations between the mean correct responses on the indi-
idual expressions between TBI patients and controls on the
abelling of facial expressions (r = .97, p < .01), morphed facial
xpressions (r = .81, p < .05), and prosody affect task (r = .87,
< .05) for performance at initial assessment. These correla-

ions indicate that the pattern of relative difficulty in the TBI
atients was comparable to the pattern of relative difficulty in
ontrols. Expressions that were relatively poorly recognised by
ontrols were also relatively poorly recognised by TBI patients.
n both groups facial expressions of fear were recognised worst,
ollowed by anger or by disgust, followed by sadness, surprise
nd happiness. The pattern of difficulty was slightly different
or recognition of expressions in the voice, but both groups per-
ormed worst at recognising expressions of fear in the voice
nd best at recognising expressions of sadness. The pattern of
esults for performance on individual expressions at follow-up
ssessment was similar as at initial assessment, with the differ-
nce that the correlation between the mean correct responses on
he individual expressions between TBI patients and controls on
he labelling of morphed facial expressions was not significant
p = .07).

.2.3. The relationship between the tasks
To examine whether TBI patients were equally impaired at

abelling emotion expressions in the visual or auditory modality,
ercentage correct scores at initial assessment on labelling facial
xpressions and labelling prosody affect were compared in a 2
Please cite this article in press as: Ietswaart, M., et al., Longitudinal asp
Neuropsychologia (2007), doi:10.1016/j.neuropsychologia.2007.08.002

group) by 2 (task) ANOVA. This analysis revealed at initial
ssessment a main effect of group (F(1, 60) = 13.95, p < .001,
2
p = .19) reflecting better performance in the controls, a main

ffect of task (F(1, 60) = 13.55, p < .001, η2
p = .18), but no inter-

b
p
t
b

able 4
orrelations between the different emotion recognition test scores within TBI group

Matching facial expressions Labelling

A) TBI
Matching facial expressions
Labelling facial expressions .725**

Morphed expressions .553** .828**

Prosody discrimination .450 .618**

Labelling prosody .592** .667**

B) Controls
Matching facial expressions
Labelling facial expressions .594**

Morphed expressions .530** .735**

Prosody discrimination −.235 −.138
Labelling prosody .550** .572**

** p < .002.
 PRESS
ologia xxx (2007) xxx–xxx 7

ction between group and task (p = .50, η2
p = .007). In both

roups accuracy was higher on labelling prosody than labelling
acial expressions, possibly explained by the fact that the lat-
er task required a choice between six alternatives rather than
ve choices in the former task. Similar analysis of performance
t follow-up assessment also revealed an effect of group (F(1,
0) = 7.77, p < .01, η2

p = .12), and no interaction of group and

ask (p = .51, η2
p = .01), but the difference between the two tasks

ver the two groups just failed to reach significance at follow-up
p = .06, η2

p = .06).
Correlations within each group between the different mea-

ures of emotion recognition accuracy, based on mean scores
cross emotions at initial assessment showed significant corre-
ations between most tasks. The alpha level was adjusted for the
umber of comparisons in each group: .05/5 = .01. Within the
BI group, the relation between matching facial expressions and
iscriminating prosody affect was not significant, but it should
e noted that the prosody discrimination task did not differen-
iate between TBI patients and controls. All other relationships
etween the different tasks of emotion recognition were highly
orrelated in the TBI group (see Table 4). In the control group,
ll emotion tasks, with the exception of prosody discrimina-
ion, correlated with each other (see Table 4). At follow-up
ssessment within the TBI group all emotion tasks, with the
xception of prosody discrimination, correlated with each other
r = >.53, p = <.01), and within the control group a correlation
as found between the three expression labelling tasks at follow-
p (r = >.54, p = <.001).

The potential associations between compromised cognitive
unction following TBI and emotion recognition deficits at ini-
ial assessment were also explored (see Table 5). The alpha
evel was adjusted for the number of comparisons for each task:
05/5 = .01. Within the TBI patient group, significant correla-
ions found were between alternating fluency test scores and all
motion recognition tasks except matching facial expressions
r = >.60, p = <.001), and between performance on the digit sym-
ects of emotion recognition in patients with traumatic brain injury,

ol test and all emotion recognition tasks, except discriminating
rosody affect task in the TBI group (r = >.52, p = <.01). Within
he control group, similar significant associations were found
etween digit symbol and performance in all emotion recogni-

(A) and control group (B) at initial assessment

facial expressions Morphed expressions Prosody discrimination

.580**

.652** .632**

−.263
.585** −.017

dx.doi.org/10.1016/j.neuropsychologia.2007.08.002
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Table 5
Correlations between standard neuropsychological test performance, injury severity and the different emotion recognition correct scores within TBI group (A) and
control group (B) at initial assessment

Matching facial expressions Labelling facial expressions Morphed expressions Prosody discrimination Labelling prosody

(A) TBI
HADS .133 .309 .378 .256 .046
NART .340 .414 .524* .206 .410
Digit symbol .524* .684** .682** .523* .583**

Brixton .175 .168 .063 .344 .335
Alternating fluency .423 .595** .798** .478* .637**

Benton .727** .653** .595** .644** .514*

PTA −.062 −.606** −.565** −.408 −.216
GCS .002 .634** .516* .405 .100

(B) Controls
HADS .045 −.053 −.051 .320 −.073
NART .188 .492* .193 .137 .379
Digit symbol .517* .639** .380 −.038 .490*

Brixton .094 .324 .326 −.142 .285
Alternating fluency −.026 .198 .063 .036 .147
Benton .083 .364 −.123 .232 .236
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* p < .01.
** p < .002.

ion tasks, except discriminating prosody affect task (r = >.49,
= <.01). Performance on the NART correlated with morphed

acial expressions in TBI at initial assessment (r = .52, p = <.01).
t follow-up assessment again associations were found again
etween performance on the digit symbol test and all emotion
ecognition tasks, except discriminating prosody affect task in
he TBI group (r = >.53, p = <.01). The only other associations
ound at follow-up within the TBI group was between labelling
rosody affect and several neuropsychological tests, namely the
rixton, NART and alternating fluency tests (r = >.52, p = <.01).

n the control group performance at follow-up assessment also
howed associations between performance on the digit symbol
est and the three expression labelling tasks (r = >.55, p = <.01).
ignificant correlations were also found between the NART
nd labelling facial expressions and discriminating prosody
ffect (r = >.47, p = <.01), and between the Brixton and labelling
rosody affect (r = .51, p = <.01) in controls at follow-up assess-
ent.
At initial assessment the Benton scores correlated with all

hree facial expression tasks within the TBI group (r = >.60,
= <.001). However, it should be noted that Benton scores were
lso significantly associated with the two vocal expression tasks
t initial assessment (r = >.53, p = <.001). These tasks obviously
o not rely on face recognition and the correlation with recogni-
ion of expressions in the voice suggests that Benton scores may
eflect a more general cognitive impairment. This impression is
trengthened by the significant correlation at initial assessment
ithin the TBI group between Benton scores and a task known

o be sensitive to general cognitive impairment following brain
njury, namely the digit symbol test (r = .55, p < .01). Moreover,
ontrolling for digit symbol scores using partial correlations
Please cite this article in press as: Ietswaart, M., et al., Longitudinal asp
Neuropsychologia (2007), doi:10.1016/j.neuropsychologia.2007.08.002

educed the magnitude of the correlations between Benton test
nd the expression tasks to the extent that only the associations
ith matching facial expressions reached significance (r = .50,
< .01). At follow-up none of the emotion recognition tasks

η

η

s
p

howed significant correlations with the Benton within the TBI
roup, but there was a trend for an association with perfor-
ance at both labelling facial expressions and morphed facial

xpressions (r = >.47, p = <.013).
Analyses reported above have shown that group differences

n the Benton were evident at initial assessment, but not at follow
p. Yet, at both time intervals group differences were found on
motion recognition tasks. To examine whether performance on
he Benton test was related to accuracy on the facial expression
ecognition tasks, group differences on the three facial expres-
ion tasks were re-analysed in separate 2 (group) by 2 (time of
ssessment) repeated measures ANCOVAs with Benton score at
nitial assessment as a covariate, and with adjusted alpha levels:
05/3 = .017. These analyses showed that when controlling for
enton performance group differences were no longer evident

or matching facial expressions or labelling facial expressions
p > .10), while a trend was found for the group difference on
he morphed facial expression task (F(1, 60) = 5.67, p = .02,
2
p = .09).

Furthermore, because the TBI group had lower digit sym-
ol scores compared to controls, we examined whether slow
erformance on the expression tasks could be accounted for by
he effect of general processing speed. For this purpose reaction
ime group differences on the expression tasks were re-analysed
n separate 2 (group) by 2 (time of assessment) repeated mea-
ures ANCOVAs with digit symbol score at initial assessment
s a covariate, for each of the tasks and with adjusted alpha lev-
ls: .05/4 = .0125. These analyses demonstrated that even when
ontrolling for processing speed the group differences were still
vident for matching facial expressions (F(1, 55) = 5.03, p < .01,
2
p = .15), labelling facial expressions (F(1, 55) = 7.17, p < .01,
ects of emotion recognition in patients with traumatic brain injury,

2
p = .12), and labelling prosody affect (F(1, 55) = 8.32, p < .01,
2
p = .14), while the group difference for morphed facial expres-
ions did not reach significance when controlling for general
rocessing speed (F(1, 55) = 4.86, p = .03, η2

p = .09). However,

dx.doi.org/10.1016/j.neuropsychologia.2007.08.002
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he digit symbol task is not just a test of processing speed
otentially affecting reaction times, but also a test of sustained
ttention that may affect accuracy performance. For this reason
roup differences on the accuracy scores of the expression tasks
ere also re-analysed in separate 2 (group) by 2 (time of assess-
ent) repeated measures ANCOVAs with digit symbol score

t initial assessment as a covariate, for each of the tasks and
ith adjusted alpha levels: .05/4 = .0125. In this case none of

he group differences were significant when controlling for digit
ymbol performance (p > .02). Finally, group differences were
lso found on the alternating fluency test. Alternating fluency
erformance is considered an index of cognitive flexibility or
he ability to switch between response alternatives. To control
or the effect of these abilities on expression recognition impair-
ents, 2 (group) by 2 (time of assessment) repeated measures
NCOVAs on accuracy scores of the expression tasks were con-
ucted with alternating fluency score at initial assessment as a
ovariate. Again, no group differences were found on the dif-
erent expression tasks when controlling for alternating fluency
erformance (p > .08).

.3. The factor of injury severity

At initial assessment, significant correlations were found
etween accuracy on labelling facial expressions and GCS
cores (ρ = .63, p < .001) and PTA (ρ = −.58, p < .001), and
etween labelling morphed facial expressions and GCS (ρ = .52,
< .01) and PTA (ρ = −.56, p < .01), but associations between
CS or PTA and other emotion recognition tasks were not

ignificant at the adjusted alpha level (.05/5 = .01). Reaction
imes of labelling morphed facial expressions correlated with
CS (ρ = −.52, p < .01) and PTA (ρ = .55, p < .01), and labelling

acial expressions correlated with PTA (ρ = .56, p < .01) at initial
ssessment, but reaction times on other expression tasks did not
p > .02).

At follow-up assessment significant correlations were found
etween accuracy on labelling facial expressions and GCS
cores (ρ = .52, p < .01) and PTA (ρ = −.49, p < .01), but not
etween GCS or PTA and other emotion recognition tasks
p > .02). At follow-up PTA significantly correlated with the
eaction times of matching facial expressions (ρ = .51, p < .01),
nd labelling facial expressions (ρ = .52, p < .01). Reaction times
t follow-up on the other expression tasks did not significantly
orrelate with GCS or PTA (p > .02).

.4. Lesion analysis

In the literature, frontal damage has been associated with
oth changes in social behaviour and impaired emotion recog-
ition (e.g. Hornak et al., 1996, 2003), but Green et al. (2004)
uggested that right posterior areas may be particularly associ-
ted with emotion recognition. To examine whether emotion
ecognition impairments were more severe following frontal
Please cite this article in press as: Ietswaart, M., et al., Longitudinal asp
Neuropsychologia (2007), doi:10.1016/j.neuropsychologia.2007.08.002

esions, performance was compared between the subgroups of
BI patients with frontal lesions and those with lesions else-
here or with diffuse damage. Of the TBI patients 12 had frontal

obe damage, 6 patients had lesions predominantly in temporal

o
I
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nd parietal regions and 6 diffuse lesions. No lesion information
as available for six patients. Performance of two subgroups
as compared: (1) the group of 12 patients with frontal dam-

ge and (2) the group of 12 patients with damage to posterior
egions or with diffuse damage. Emotion recognition accuracy
cores of the two groups were compared in a separate 2 (group)
y 2 (time of assessment) repeated measures ANOVAs for each
f the measures (adjusting alpha levels to .05/5 = .01) with GCS
s a covariate. The GCS covariate was added as a measure of
njury severity, because the two groups differed significantly on
njury severity. The group of patients with frontal damage had
n average a higher GCS (mean GCS 11.6 [S.D. 3.4] compared
o 6.7 [S.D. 3.6] in the group with posterior or diffuse damage),
nd also had shorter duration of PTA (mean PTA 4.4 [S.D. 6.2],
ompared to 25.4 [S.D. 30.8] days in the group with posterior
r diffuse damage). A trend for a group difference was evi-
ent on morphed facial expressions (F(1, 22) = 5.90, p = .024,
2
p = .219), showing that the patients with frontal damage per-
ormed better. This difference was less evident on the other four
motion recognition tasks (p > .07). No interactions between
ime of assessment and lesion group were found (p > .19).

. Discussion

A consecutive sample of TBI patients showed impairments on
acial and vocal emotion recognition compared to an orthopaedic
ontrol group, shortly after sustaining their first TBI and 1 year
ater. Over time, performance of TBI patients and orthopaedic
ontrols improved to the same extent, probably reflecting
etest effects. For this enhancement to have reflected recov-
ry, improved test performance in the TBI group had to exceed
mprovements in the control group over the same time inter-
al. Retest effects would affect performance in both groups,
ut recovery of function, in addition to retest effects, was
nly expected in the TBI group. Emotion recognition perfor-
ance in the TBI group showed no sign of recovery over
1-year interval, as improvement in test performance in the
BI group did not exceed what was expected from repeated

esting.
Overall the level of brain injury in the current sample of

BI patients was less severe than in previous studies of emo-
ion recognition in TBI, which generally examined severe cases
f TBI. The present study included virtually equal numbers
f patients with mild, moderate, and severe injury. It is of
nterest that despite the substantial number of milder injuries
n the present sample, TBI patients as a group were nev-
rtheless impaired on emotion recognition. Furthermore, the
onsecutive recruitment of the current sample suggests that pre-
iously reported emotion recognition deficits in TBI are not the
esult of a bias towards selecting those patients with cognitive,
ocial or emotional behavioural problems following TBI when
ecruiting from rehabilitation settings. Moreover, our results
how no indication that emotion recognition difficulties devel-
ects of emotion recognition in patients with traumatic brain injury,

ped at a later stage in these patients or worsen over time.
mpaired emotion recognition was evident early after injury and
as still present 1 year later. The fact that impaired emotion

ecognition appeared soon after TBI and was stable over time

dx.doi.org/10.1016/j.neuropsychologia.2007.08.002
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uggests a direct result of brain injury (Prigatano, 1992), and
ot primarily a secondary consequence of changes in the social
nvironment.

Analysis of the recognition of individual emotions in the
hree tasks that required patients to label emotional expres-
ions, revealed no selective deficits for particular emotions in our
ample of patients. Previous studies in TBI have reported that
atients were more impaired on recognition of negative emo-
ions (Braun et al., 1989; Croker & McDonald, 2005; Hopkins
t al., 2002; Jackson & Moffat, 1987). The current study also
ound that accuracy of recognition of a positive emotion such
s happiness was preserved in TBI patients while recognition
f emotions such as fear and sadness showed clear impair-
ent. However, this finding most likely reflects relative task

ifficulty, because the pattern of accuracy and latency on the
ecognition of individual emotions in the TBI patients of this
tudy closely follows the general pattern of relative difficulty
n the control group, as revealed by lack of group differences
n the within-subject factor of emotion and by the high correla-
ions between recognition of individual emotions in the TBI
nd controls groups. Response latency may provide a more
ensitive measure of impairment. In particular, differentiation
etween individual emotions could be more pronounced in
atency data compared to response accuracy. However, analysis
f reaction times did not show selective impairments affecting
articular expressions. Therefore, we would argue that a general
motion recognition deficit exists in TBI without differential
eficits affecting specific expressions. Selective or differential
mpairments recognising specific emotional expressions have
reviously been associated with focal lesions (e.g. Adolphs,
ranel, Damasio, & Damasio, 1994; Calder, Keane, Manes,
ntoun, & Young, 2000; Weniger & Irle, 2002). The multi-

ocal and diffuse nature of brain damage following TBI may
ccount for the lack of specific impairment affecting particular
xpressions.

This study examined recognition of facial expressions as
ell as recognition of emotional expressions in the voice. TBI
atients were found to be impaired on both and a strong associa-
ion between the two modalities was found. Recently, McDonald
nd Saunders (2005) found that emotion recognition on the
asis of auditory information was particularly poor in TBI while
motion recognition on the basis of visual information was unim-
aired in their sample of severe TBI patients. The fact that
cDonald and Saunders (2005) did not find impaired emotion

ecognition on the basis of visual information is in contrast with
revious studies in TBI. The authors acknowledge that their
ynamic visual displays may have been easier than still pic-
ures used previously. A proportion of their particular sample of
BI patients were also examined on recognition of Ekman and
riesen (1976) pictures, as were used in the current study, and
ith these stimuli Croker and McDonald (2005) indeed found

hat TBI patients were impaired on recognising facial expres-
ions. However, Croker and McDonald (2005) do not touch on
Please cite this article in press as: Ietswaart, M., et al., Longitudinal asp
Neuropsychologia (2007), doi:10.1016/j.neuropsychologia.2007.08.002

uditory emotion recognition in that report. The lack of associa-
ion between judgement of emotion through visual and auditory
hannels in McDonald and Saunders’ (2005) study, was argued
o be in line with proposition by Adolphs, Damasio, and Tranel

a
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2002) that the two modalities represent different neural sys-
ems. Our findings do not support this idea. We found a strong
ssociation between visual and auditory emotion recognition.
urthermore, the association between the modalities in our sam-
le of TBI patients was found early after injury suggesting a
irect relationship with neural damage. The fact that an emotion
ecognition deficit was found in both modalities is of interest
s it suggests a generic emotion recognition deficit. The fact
hat impaired emotion recognition is associated with emotional
ontent in these patients is of interest in relation to the proposi-
ion that emotion recognition deficits may underlie behavioural
hanges following TBI. Furthermore, the literature indicates that
njury severity is the best-known predictor of social outcome fol-
owing TBI (Tate & Broe, 1999). For emotion recognition to be a
otential predictor of social and behavioural change there should
e an association between injury severity and performance, as
as found for task performance on certain emotion recognition

asks presented in this study.
General perceptual deficits do not fully account for the emo-

ion recognition impairments found. Although TBI patients
erformed worse on the Benton face recognition test (a task
f general face perception) compared to controls at initial
ssessment, few patients actually scored in the abnormal range.
urthermore, TBI patients showed recovery on the Benton test
ut not on any of the emotion recognition tasks. On the control
ask for general auditory perception, the non-emotional prosody
iscrimination task, no differences between TBI patients and
ontrols were found. This suggests that the stable pattern of
mpaired emotion recognition is relatively independent of gen-
ral face and prosody recognition. However, performance on
he Benton test was significantly associated with performance
n facial expression tasks, namely matching and labelling facial
xpressions. But the Benton test also correlated highly with the
bility to recognise emotion in the voice within the TBI group.
he Benton test may therefore reflect general cognitive impair-
ent, as suggested by the strong correlation between the Benton

nd the digit symbol test. The strong association between digit
ymbol score and injury severity (i.e. GCS) commonly found,
ay further explain the fact that group differences on the expres-

ion tasks accuracy appeared to be largely be accounted for by
erformance on the digit symbol task. However, also alternating
uency task performance appeared to account for group differ-
nces on the expression tasks. These findings demonstrate that
eficits in emotion recognition are associated with other cog-
itive deficits. It remains unclear, however, whether impaired
motion recognition is actually caused by these other cognitive
eficits. For example, it is possible that all deficits are mani-
estations of the same underlying mechanism. These findings
n relation to the multitude of factors identified in the current
tudy in association with emotion recognition, demonstrates the
mportance of considering other factors before drawing conclu-
ions of selective emotion recognition impairment in patients.
n conclusion, although emotion recognition may not be seen
ects of emotion recognition in patients with traumatic brain injury,

s entirely independent of other cognitive deficits, the current
tudy demonstrates the difficulty TBI patients have in identi-
ying emotions in others both shortly after injury and 1 year
ater.

dx.doi.org/10.1016/j.neuropsychologia.2007.08.002
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No firm conclusions can be made about the potential
ssociation between neuropathology and emotion recognition
mpairments in this study, for two reasons. First, lesion analysis
n the basis of clinical information in TBI patients is generally
imited. The available CT scans were usually made during the
cute phase to establish the need for surgical intervention. The
xtent of the damage may not be evident at this early stage. Fur-
hermore, the nature of neural damage following TBI is often
ot visible on CT scans when it involves widespread diffuse
xonal damage. Secondly, the attempt in this study to group
BI patients according to the lesion locations as revealed by CT
cans, demonstrated that the patients for whom the scan indi-
ated lesions including the frontal lobes sustained less severe
rain injury than the group with temporal, parietal or diffuse
esions. Comparing the two lesion groups while controlling for
njury severity showed a trend for patients with frontal dam-
ge to perform better at labelling morphed facial expressions,
ut no group differences were found on other expression tasks.
verall, there was no evidence for emotion processing diffi-

ulties being more pronounced in those patients with frontal
esions.

In conclusion, given the fact that emotion recognition
mpairments arise early after TBI, probably reflecting a direct
onsequence of the brain injury, it is possible that emotion recog-
ition impairments contribute to changes in social behaviour
ollowing TBI (Kendall & Terry, 1996). However, it should be
cknowledged that other deficits, such as deficits in executive
unction, impulsivity, or frustration tolerance, could also con-
ribute to social behaviour changes. The TBI patients in our
ample, for example, performed worse at one of the execu-
ive function tasks, alternating fluency, compared to controls,
nd poor alternating fluency performance was found to be
ssociated with impaired emotion recognition. An association
etween emotion recognition and social behaviour has previ-
usly been demonstrated in frontal patients (Blair & Cipolotti,
000; Cicerone & Tanenbaum, 1997; Hornak et al., 1996)
nd in schizophrenia (Hooker & Park, 2002). In TBI patients
ilders et al. (2003) explored the association between emo-

ion recognition deficits and changes in emotional and social
ehaviour assessed with questionnaires completed by patients
nd relatives, but found no relationship. Recently, Croker and
cDonald (2005) examined TBI patients on the relationship

etween the ability to recognise facial expressions and the
ubjective experience of each of the assessed emotions. The
atients were asked to indicate the extent to which their expe-
ience of perception of the emotions had changed following
BI. Croker and McDonald (2005) found that reduced subjec-

ive experience was associated with matching facial expressions
ut not with labelling facial expressions. Clearly more work
s required to clarify the relation between acquired emotion
ecognition impairment and behavioural changes following TBI,
nd follow-up over intervals may be needed to confirm the
bsence of recovery. If it is confirmed that emotion recogni-
Please cite this article in press as: Ietswaart, M., et al., Longitudinal asp
Neuropsychologia (2007), doi:10.1016/j.neuropsychologia.2007.08.002

ion impairments following brain injury show little spontaneous
ecovery, it may be useful to incorporate training in aspects
f recognising emotions in others in the rehabilitation of TBI
atients.
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