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Abstract

Patients with behavioral variant of frontotemporal dementia (FTD) have difficulties recognizing facial emotions, a deficit that may contribute
to theirimpaired social skills. In three experiments, we investigated the FTD deficit in recognition of facial emotions, by comparing six patients
with impaired social conduct, nine Alzheimer’s patients, and 10 age-matched healthy adults. Experiment 1 revealed that FTD patients were
impaired in the recognition of negative facial emotions. Experiment 2 replicated these findings when participants had to determine whether
two faces were expressing the same or different emotions. Experiment 3 was a control study in which participants had to discriminate whether
two faces were of the same sex. In this non-emotional processing task, both patient groups performed worse than normal participants, but
FTD patients performed as well as Alzheimer’s patients. We conclude that FTD patients are impaired in the recognition of negative facial
emotions.
© 2005 Elsevier Ltd. All rights reserved.
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Frontotemporal lobar degeneration encompasses a heteroAlthough it has an insidious onset and a gradual progression,
geneous group of dementias with varied clinical and patho- FTD in this clinical presentation bears close resemblance to
logical presentations. One of its clinical presentations, the be-cases of orbitofrontal damage caused by traumatic brain in-
havioral variant of frontotemporal dementia (FTD), is char- jury (Rosen et al., 2002 Those patients are often impaired
acterized by changes in personality, impaired social skills, not only in social behavior, but also in more basic aspects
poor decision making, lack of empathy and lack of insight, of social communication, such as the ability to recognize
implying injury to the orbitofrontal cortexMcKhann et al., facial emotions lornak, Rolls, & Wade, 1996 Given the
2001 Mychack, Rosen, & Miller, 200Neary et al., 1998! similarities in their impaired social behavior and in anatomi-

cal correlates between the two groups, we hypothesized that
" Corresponding author. Tel.: +1 610 519 6207 fax: +1 610 519 4269, | 1D Patients, fike patients with orbitofrontal lesions, would
E-mail addressdiego.fernandezduque@villanova.edu be impaired in the recognition of facial emotions.
(D. Fernandez-Duque). Besides the clinical implications of FTD, the question
1 Several taxonomies exist in the literature on frontotemporal dementia, of whether patients with this type of dementia are im-
and this has sometimes led to confusion. Cases such as the ones describeﬁaired in recognizing facial emotions is important for un-

in this article, in which personality changes are the chief initial symptom, derstandina the neural architecture underlvin motion and
are sometimes called ‘frontal variant’ of FTD, a label that highlights the ersta g the neural architecture underlying emotion a

contribution of orbitofrontal cortex to those symptor@éne et al., 2002 face processing. Both theoretical and empirical arguments
However, other times they are referred to as ‘temporal variant’, highlight- have been gathered in support of specialized brain areas
ing the contribution of right anterior temporal lobe structures to behavioral that separately recognize facial identity and facial emotion
disinhibition (Rosen et al., 2002Some researchers have proposed a classifi- JBruce & Young, 1985 Thus, some prosopagnosic patients

cation based on clinical features. The cases described in this article belonge Lre sometimes unimpaired at recoanizing facial emotions
to the behavioral variant of FTD in such a classification, as opposed to the p g g

variants in which progressive language deficits are the main feature (e.g.,(Humphr?ySv Donnelly, & Riddoch, 1993ranel, Daml'f‘SiO,
semantic dementia, primary progressive aphasieKhann et al., 200L & Damasio, 1988 and patients with normal recognition of
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facial identity sometimes have difficulties recognizing emo- negative emotions stemmed from pictures of negative emo-
tional expressionsinderson, Spencer, Fullbright, & Phelps, tions posing a more difficult task, then both groups should
2000 Young et al., 1998 In functional neuroimaging stud-  be equally impaired. The inclusion of a cognitively impaired
ies, emotional and non-emotional facial features activate comparison group also minimized the chances of obtaining
different brain areas. The structural aspects of face pro- ceiling effects, which often muddle the interpretation of inter-
cessing activate ventral occipitotemporal ardganfvisher, actions. Second, we compared patients’ recognition of ‘dif-
McDermott, & Chun, 199y¥, while emotional features acti- ficult’ and ‘easy’ negative emotions. Past literature reveals
vate a network of limbic structures that includes the amyg- that healthy adults often err in the recognition of facial ex-
dala, insula, and orbitofrontal corteBl@ir, Morris, Frith, pressions of fear, but are almost flawless in the recognition of
Perret, & Dolan, 1999Calder, Lawrence, & Young, 2001 facial expressions of angdfkman & Friesen, 197Rapcsak
Phillips etal., 1997; Whalen et al., 1998 hose limbic struc- et al., 2002. Thus, a level-of-difficulty account would pre-
tures are affected in FTD, while occipitotemporal areas are dict that FTD patients should be severely impaired in the
relatively sparedBoccardi et al., 2002; Rosen et al., 2002  recognition of fear (a difficult emotion to recognize) while
Thus, it is reasonable to hypothesize that FTD patients will being relatively spared in the recognition of anger (an easy
be impaired in the recognition of facial emotion, but not in emotion to recognize). An account based on a specific deficit
the recognition of non-emotional facial features. On the other for negative emotions would predict, instead, that both ‘easy’
hand, certain brain areas that may be implicated in the recog-and ‘difficult’ negative emotions should pose a challenge for
nition of facial emotion, such as somatosensory cortex, are FTD patients.

relatively spared in FTD, raising the possibility that FTD The current study builds upon previous studies of facial
patients may be capable of normal facial emotion recogni- emotion recognition in FTDHKernandez-Duque & Black,
tion (Adolphs, Damasio, Tranel, Cooper, & Damasio, 2000 2002 Keane, Calder, Hodges, & Young, 2Q0Ravenu,
Bocti, Rockel, Roy, Gao, & Black, 2004 Pasquier, Lebert, Petit, & Van der Linden, 19%%erry et

The issue of specific processing of facial attributes can be al., 2001; Rosen et al., 20D’ he evidence from these stud-
taken a step further by asking whether certain emotions will ies converges to suggest that the inability to recognize fa-
be more affected than others. It is a matter of current debatecial emotions in FTD is caused by an inability to recognize
whether separate brain areas represent individual emotioneemotions rather than an inability to recognize facial fea-
such as anger, fear, and disgust, or instead the brain encodesires. In fact, recognition of non-emotional features, such
dimensions such as valence and arousal from which a spaces face identity, appeared to be relatively unimpaired. How-
of emotional experiences arise. This debate notwithstanding,ever, these studies did not allow a direct comparison be-
there is some evidence that the limbic structures affected intween emotional and non-emotional tasks because different
FTD are critical for the recognition of many negative emo- stimuli and paradigms were used. Another problem of inter-
tions (Adolphs, Tranel, Damasio, & Damasio, 19%Blair pretation stems from ceiling or near-ceiling performance in
et al., 1999; Calder et al., 200Harmer, Thilo, Rothwell, many of the non-emotional tasks. This raises the possibility
& Goodwin, 2001 Hornak, Rolls, & Wade, 1996 The so- that the emotional tasks were generally more difficult, which
cial misconduct and personality changes exhibited by FTD may explain patients’ poor performance. The argument for a
patients also hint at the possibility of a specific impairment specific impairment in facial emotion recognition would be
in the perception of emotions. Anecdotal evidence suggestsbolstered by increasing the difficulty of the non-emotional
that FTD patients behave as if they are unable or unwilling task, thus reducing ceiling effects, and showing group by
to make appropriate use of the social feedback conveyed intask cross-over interactions. Our study aimed to provide such
expressions of anger, sadness, fear or disgust. evidence.

The hypothesis that FTD patients will be specifically im- In summary, our study investigated facial emotion recog-
paired in the recognition of negative emotions is complicated nition in patients with FTD, whether their emotion recog-
by the fact that even normal participants have more difficulties nition deficit was most severe for negative emotions, and
recognizing negative emotions than positive ortggiian & whether it could be accounted for by general cognitive
Friesen, 1975Russell, 1994 It is unclear whether negative  deficits. Experiment 1 asked participants to choose the cor-
facial emotions per se are more difficult to recognize, or in- rect label for a face displaying a basic emotion. We hypoth-
stead the difference is due to a test stimulus artifact. In either esized that the FTD group would be impaired relative to the
case, the difference between negative and positive displayscognitively matched AD group, that the impairment would
raises the possibility that task difficulty might underlie pa- be most severe for negative emotions, and that both ‘easy’
tients’ poor performance. In other words, FTD patients, due and ‘difficult’ negative emotions would pose a challenge for
to their general cognitive deficits, may be disproportionately patients with FTD. Experiment 2 extended the findings to
impaired in the most difficult trials, which happen to be the a same/different-emotion discrimination with reduced cog-
ones depicting negative emotioi®apcsak et al., 2002We nitive demands. Experiment 3 provided a measure of non-
addressed this problem in two ways. First, our study included emotional facial processing by using a same/different sex
a group of Alzheimer’s (AD) patients, which was matched to discrimination task. Also, in Experiment 3 we explored the
the FTD group for cognitive ability. If poor recognition of automatic processing of facial emotions: we hypothesized
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that performance in the sex discrimination task would be in- tients with mild dementia were selected, based on a cut-off
fluenced by the emotion information in the healthy elderly score of 20 in the Mini-Mental State Examinati®n.

and AD groups, but not in the FTD group. The results of  To certify that the AD and FTD groups were matched
the three experiments were largely consistent with our hy- for cognitive abilities, patients completed a neuropsycholog-
potheses, and together they support the view that FTD pa-ical assessment. Five normal participants were also tested
tients are selectively impaired in the recognition of negative and their performance was compared to the patient groups.

emotions. Table 1shows the results of the neuropsychological tests
for the three groups (for a more detailed description, see
Appendix A).

1. Experiment 1 As expected, both patient groups were impaired relative to

the normal participants in most domains. More importantly,

Experiment 1 provided an initial assessment of whether however, there was no cognitive domain in which FTD pa-
patients with frontotemporal dementia are impaired in the tients were significantly worse than AD patients. The FTD
ability to recognize facial emotions. Faces depicting emotions group never performed more than one standard deviation be-
were displayed one at a time and participants were instructedlow the AD group, and performance by the FTD group was
to select the corresponding emotional label. indistinguishable from the AD group in visuospatial ability

We also investigated some more specific questions. First,(Line Orientation Task) and in the recognition of unfamiliar
we asked whether FTD patients’ poor performance could faces (e.g., Benton Face Recognition Task).
be accounted for by general cognitive deficits. For this, we  Behavioral symptoms were assessed with the Frontal Be-
compared FTD and AD groups matched for cognitive impair- havioral InventoryKertesz, Nadkarni, Davidson, & Thomas,
ment. Second, we asked whether emotion recognition in FTD 2000, the Neuropysychiatric Inventory are@y{mmings et
patients would be most impaired for expressions carrying a al., 1994, and the Cornell Scale for Depression in Demen-
negative valence. To test this, we assessed participants’ retia (Alexopoulos et al., 1988lexopoulos, Abrams, Young,
sponses to each emotion separately. A third question, related& Shamoian, 1988) (for a more detailed description, see
to the previous ones, was whether poor recognition of nega-Appendix A). All six FTD patients had some signs of neu-
tive emotions could be accounted for by a level-of-difficulty ropsychiatric dysfunction, including disinhibition, aberrant
explanation. A level-of-difficulty explanation would predict motor behavior, apathy, and changes in appetite. In contrast,
that both patient groups should show a larger impairment to only two of the nine AD patients had neuropsychiatric prob-
the most difficult emotions (i.e., the emotions that healthy lems. Consistent with the overlap of symptoms between FTD
elderly have most difficulty with). An explanation based ina and depression in terms of apathy, changes in appetite, and
selective deficit of negative emotion recognition would pre- irritability, four FTD patients had high scores in the Cornell
dict that the impairment should be of similar magnitude for Depression Scale. FTD patients were being treated for de-
easy and difficult negative emotions, and be present only in pressive symptoms or behavioral abnormalities with SSRIs
patients with FTD. (N=4) or atypical neuroleptics\(=2). No patient was psy-

Another question we asked in experiment 1 was whether chotic nor met clinical depression criteria at time of testing.
FTD patients were capable of categorizing emotions as pos- The abnormal scores on the depression symptom scale
itive and negative. For this, we looked at whether errors raise the question as to whetherimpaired emotion recognition
crossed emotional valence (e.g., a happy face labeled as sadnay be secondary to depression. However, the patterns of
or an angry face labeled as happy). Finally, we explored results found in depressed patients are opposite to the ones
whether the error patterns were similar across patient groupshypothesized for FTD patients in this study. In particular,
or instead there were systematic deviations in what different depressed patients sometimes show a hegative bias, with high

groups perceived. accuracy for labeling sadness and relatively poor accuracy
labeling happinessMandal and Bhattacharya, 199andal
1.1. Method & Bhattacharya, 1985).
To rule out contributions from other pathologies, MRI
1.1.1. Participants was performed with a 1.5T GE Signa scanner using stan-

Six patients with clinical diagnosis of frontotemporal dard protocolCallen, Black, Gao, Caldwell, & Szalai, 2001
dementia (FTD), nine patients with clinical diagnosis of Apart from atrophy consistent with their dementia, the scans
Alzheimer’s disease (AD), and ten age-matched normal par- showed no other pathology. Cerebral blood flow was measure
ticipants (NCs) participated in the study. All FTD patients in both patient groups using single-photon emission com-
met Lund—Manchester Criteriédlgary et al., 1998 and all puted tomography (SPECT). Five of the six FTD patients
the AD patients met criteria for probable Alzheimer’s dis-
ease, as established by the workgroup of the National In-—, _ o ,_ _

. . . . Patients were recruited primarily through the Cognitive Neurology Unit
stitute of Neu_mloglca_l and Commumcatlve_ Disorders and_ at Sunnybrook and Women'’s Health Sciences Centre in Toronto, where the
Stroke—Alzheimer’s Disease and Related Disorders ASSOCI-project received approval from the Ethics Board. Consent for participation
ation (NINCDS-ADRDA) (McKhann et al., 198/ Only pa- in the study was obtained from the patients and their caregivers.
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Table 1
Demographic, neuropsychiatric, and neuropsychological information

Maximum score NC AD FTD
Age 80 65.1(8.4) 70.1(7) 63.7 (6.4)
Sex: male—female ratio 4/6 5/4 5/1
Years of education 15.7 (3.6) 15.9 (3.5) 16.5 (3.8)
Frontal behavioral inventory 72 n/a 18 (11) 37.8(12)
Neuropsychiatric inventory 144 n/a 14 (18) 31.6 (18)
Cornell scale for depression 38 n/a 9.1(6.8) 13.6 (8)
MMSE 30 29 (0.7) 24.8 (2.0) 26.5(2.3)
DRS (total) 144 140 (1.1) 125.7 (9.9) 125.7 (6.3)
Boston naming 30 27.8 (1.3) 21.3(7.4) 21.6 (6.8)
WAB comprehension 10 9.97 (.07) 9.92 (0.07) 9.82 (0.34)
Verbal fluency (FAS) 47.9 (15) 29.3 (15) 25.2(12)
Semantic fluency 19 (6) 10.3 (4) 13.2 (5)
Pyramids and Palrfis 52 n/a n/a 48.8 (3.2)
CVLT acquisitior? 80 46 (7.7) 24.2(9.7) 30.8 (12.9)
CVLT long delay free recall 80 9.2 (3.4) 0.9(1.5) 4.4 (3.4)
Line orientation task 30 25.6 (6) 22.2(5) 20 (9)
Visual memory immediate 41 32(3) 16.7 (5) 17.7 (4)
Visual memory delayed 41 23.8 (4) 2.73) 3.4 (4)
Forward digit span 12 9.1(1.6) 9.3(1.9) 8.3(2.6)
Backward digit span 12 7.75(1.7) 6.3(2.5) 5.5(2.4)
Trails A n/a 36.7 (9) 47.5 (17) 36.5(8)
Trails B n/a 79.2 (22) 178 (85) 117 (45)
B to A ratio n/a 2.2(0.4) 3.8(1.9) 3.3(1.3)
WCST correct 64 44 (9) 39.6 (10) 45.6 (11)
Benton face recognition 54 48.2 (3.7) 42.3 (3) 41.7 (2.1)

MMSE: Mini-Mental State Examination; DRS: Dementia Rating Scale; WAB: Western Aphasia Battery; CVLT: California Verbal Learning Test; WCST:
Wisconsin Card Sorting Task.

a Cut-off score for impairment is 46.8 (90%).

b FTD case 4 completed the Hopkins Verbal Learning Test instead of the CVLT, and performed within normal limits.

¢ No data were collected for one AD patient, who failed to understand trails B instructions.

d No data were collected for FTD case 1, as the patient refused to complete the task.

showed frontal temporal hypoperfusion, and eight of the nine displayed onto the white background of the computer screen.
AD patients showed posterior hypoperfusion patterns consis-The emotion labels were displayed in black 26 pt Courier
tent with AD (Neary et al., 198\ New font, along each side of the photograph. ‘Sad’, *happy’,
and ‘surprised’ appeared from top to bottom on the left side,
‘disgusted’, ‘frightened’, and ‘angry’ were displayed from
top to bottom on the right, and ‘neutral’ was centered below
the photograph. The labels remained on the screen during the

15in. monitor, set to a screen resolution of 162468 pix- total duration of the experiment. Each label had a response

els. Stimulus display and response collection were achieved@r€@ delimited by a black rectangle, 7 en cm in size. The
using E-prime, a commercial experiment application. Touch border of the rectangles were 2 cm away from the outer border

responses were collected by an attachable touchscreen (Ede the photoghraph, anclj t,here was a 2.5hcm ve;tﬁcal d.is:]ance
mark Touchwindow E 1014), and relayed to the computer via between each rectangle’s borders and those of its neighbors.
a USB connector.

1.1.2. Equipment
All the experiments were carried out on a Dell Inspiron
laptop computer with Windows 98 operating system, and a

1.1.4. Procedure
o Each participant completed two sessions, on separate
1.1.3. Stimuli _ . ~days?® In the initial session, participants were taught how
Photographs of neutral face§ and the SIX basic emotions;y, ;se the touchscreen and practiced until they reported feel-
(sad, happy, surprised, angry, disgusted, frightened) from thej comfortable with its use. Participants were instructed that
Ekman and Friesen series were selected. For each emotion,
we chose the seven faces that led to highest recognition lev-
els in previously reported norms. For ‘fear’ and ‘disgust’, 3 The face recognition tasks reported in this article (Experiments 1-3)
an eighth photograph was added after a preliminary study were a subset of a larger battery which also included tasks on theory of
revealed unusual difficulties in recognizing the emotions de- mind, emotional understanding in short vignettes, empathic accuracy in

videotaped interviews, and a set of personality questionnaires. To mini-

pICted by oneofthe photographs in these categories (See SeCr:nize carry-over effects, the facial recognition tasks were intermixed with

tion1.1.9. Each photograph was 13.5 Ong cmin size, had other parts of the battery. The findings from those other tasks are reported
a gray background surrounded by a thin black frame, and waselsewherekernandez-Duque, Hodges, & Black, 2005
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responses inside the rectangular area would be recorded an7), neutral 98.6 (4), surprised 98.6 (4), sad 89 (15), disgust
would trigger a feedback tone. Participants had the option to 84 (20), fear 83.8 (15), angry 94 (8). Overall performance
report their answer by touch or verbally, in which case the was very good at 92.1% accuracy, suggesting that the pho-
experimenter entered the response via touchscreen. Particitographs we selected depicted highly recognizable emotions.
pants were encouraged to make a response in every trial buHowever, there were two faces (one depicting fear, the other
accuracy was emphasized over speed. Faces were displayedepicting disgust) that were mislabeled by more than 40%
one at a time and remained on the screen until response oof participants. To compensate for these unusually difficult
for a maximum of 30 s. In the rare occasions in which time trials, we added one other photograph of fear and one other
expired before the participant made a response, the trial wasphotograph of disgust to the stimuli set.
repeated at the end of the session.

There were seven practice trials — one for each emotion —1.2. Results
which were not included in the data analysis. The same seven
photographs were used as practice for all participants. For  For each participant, data from the two sessions were ag-
each practice trial, the experimenter read the seven labelsgregated, and an average was calculated for each emotion.
at a rate of 15!, from top to bottom, starting on the left-  We compared performance across groups in each of the emo
hand side (happy, sad, surprised), continuing on the right- tions (seeTable 9. We report mostly non-parametric tests,
hand side (disgusted, frightened, angry), and finishing on thewhich protect against violations of the normal distribution.
bottom (neutral). No accuracy feedback was given during Analyses of variance yielded comparable results to the non-
practice nor during actual testing. The only feedback that parametric tests, and are reported if they provide additional
participants received, besides the auditory tone announcinginformation.
that a response had been recorded, occurred in practice trials  There were group differences for emotions of fear, anger,
in which participants selected the ‘neutral’ response. In those disgust, and surprise (Kruskal-Wallis non-parametric test, 2
trials, the experimenter said “Remember, we choose neutrald.f.,H > 6.4,p<0.05). There was also a non-significant trend
when the face is not showing any emotion. If the face is for perception of sadness (Kruskal-Wallis non-parametric
showing no emotion, you will choose neutral. If the face is test, 2 d.f.,H=4.7,p<0.09). Follow-up analyses revealed
showing an emotion but you are not sure which one, you will that, relative to age-matched normal participants, FTD pa-
make a guess from one of the other labels”. We included this tients were impaired in the recognition of all negative
feedback because in previous pilot studies participants wouldemotions [angert =2.5,Z=3.1, p<0.002; disgustl =9,
sometimes choose ‘neutral’ to mean ‘I don’t know’. Z2=2.3, p<0.02; fear:U=8.5, 2=2.3, p<0.02; sadness:

During testing, the photographs were presented in randomy=13.5,Z=1.8, p<0.07]. Relative to AD patients, FTD
order. There were a total of 51 test trials per session (eight patients were impaired in the recognition of anger=(,
trials for fear, eight for disgust, and seven for each of the 7=25 p<0.01), disgust y=8.5, Z=2.2, p<0.03), fear
other emotions). At various points during the session, the ex- (U=2.5,Z=2.9, p<0.004), and surprisdJ(=6.5,Z=2.5,
perimenter would remind participants of the instructions by p<0.01). No differences were found between AD patients
saying “how is s/he feeling? Is s/he” and then reading the  and normal participants for any of the emotiops>0.10).
seven labels in the aforementioned fixed order. ParticipantsTo explore this question more thoroughly, data were submit-
were reminded of the instructions whenever they made sev-ted to a mixed analysis of variance that had Group (AD, NC)
eral errors in a row. Participants who made few errors were as a between-subjects factor and Emotion as a within-subject
reminded of the instructions approximately three times in factor. This more powerful analysis also failed to reveal a dif-

each session. ference between the two grougg1, 17) =0.001, ns, or an
interaction between emotion and groge, 102) = 0.8, ns.
1.1.5. Preliminary study Could the impaired recognition of negative emotions be

To confirm that the facial emotions in the photographs accounted for by a level-of-difficulty explanation? To explore
we selected were highly recognizable, we conducted a pi- this question, we selected the most difficult negative emo-
lot study on 20 undergraduate students from University of tion (i.e., the one to which healthy subjects made the most
Toronto (mean age: 20 years; S.D.=2.7). We used the sameerrors) and the easiest one (i.e., the one to which healthy sub-
procedure described above. Percent accuracy in young adultgects made the fewest errors). Consistent with previous liter-
was as follows (standard deviation in parenthesis): happy 97ature, these were fear and anger, respectively. Next, we asked

Table 2
Percent correct (and standard deviations) for facial emotion recognition in Experiment 1

Happiness Neutral Surprise Sad Disgust Fear Anger Average
NC 95 (57) 88 (20.2) 89 (10.8) 85 (22.1) 90 (8.8) 66 (24.2) 96 (6.9) 87 (9.6)
AD 95 (6.0) 92 (7.9) 95 (7.1) 78 (18.0) 88(7.2) 70 (14.4) 91 (11.8) 87 (5.1)

FTD 100 (Q0) 75(21.2) 75 (21.6) 62 (25.4) 65 (19.1) 34 (16) 55 (27.0) 66 (9.5)
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whether dementia led to a disproportionate cost in recogniz- negative emotions. Error responses were not randomly dis-
ing the most difficult emotion (fear), relative to the easiest tributed. For example, negative emotions almost never trig-
negative emotion (anger). The performance by the healthygered a happy response (0.5%). The error rates also exhibited
elderly group served as baseline. The FTD group was 32%other, more specific, patterns. Emotions of disgust and anger
below baseline in the recognition of the most difficult negative were often confused with each other, as were the emotions
emotion (fear), and 41% below baseline in the recognition of of fear and surprise, and sad faces were often confused with
the easiest negative emotion (anger), a pattern contrary to theneutral expressions. These patterns of errors were very sim-
level-of-difficulty hypothesis. The AD group was 4% above ilar to those reported in previous studies with normal adults
baseline in the recognition of the most difficult negative emo- (Anderson et al., 2000; Rapcsak et al., 20@urprise faces
tion (fear), and 5% below baseline in the recognition of the were mislabeled as fear but also as happy, revealing the am-
easiest negative emotion (anger). Once again, this pattern iiguous valence of this emotion. Error patterns were largely
contrary to the level-of-difficulty hypothesis. the same for FTD and the comparison groups. FTD patients
To explore the level-of-difficulty hypothesis more system- followed the comparison groups in their tendency to confuse
atically, we ran a mixed analysis of variance with Group (NC, disgust and anger, sadness and neutral, and to mislabel fear as
AD, FTD) as a between-subjects factor and Emotion (fear, surprise. One exception to this trend was the disproportionate
anger) as a within-subject factor. As expected, this analysistendency, by FTD patients, to label angry faces as being sad.
revealed main effects of Grouf(2, 22)=16,p<0.001,
and EmotionF(1, 22) =28, p<0.001. Most importantly, the  1.3. Discussion
two effects were additive, with no significant interaction,
F(2,22)=0.4, ns. This argues against a level-of-difficulty Experiment 1 revealed that, relative to normal participants
interpretation. We also tested the FTD group against chanceand Alzheimer’s patients, FTD patients were impaired in the
performance for fear recognition (14.3%), to rule out a ability to recognize facial emotions. This impairment was
possible bias brought about by near-floor performance. most pronounced in the recognition of negative emotions.
Although the FTD group was severely impaired in fear In contrast, FTD patients were as good as the comparison
recognition, these patient group did perform better than groups in the recognition of happy faces, and almost never
chancet(5)=3,p<0.03. did they mislabel a negative emotion as ‘happy’. These results
Next, we examined individual scores to assess how manysuggest that FTD patients were capable of valence discrim-
patients were impaired. Almost none of the AD patients fell ination (i.e., is this emotion positive or negative?), but had
in the lowest 5th percentile of the distribution for any of the difficulties making subtler discriminations from the pool of
emotions (se@able 3. In contrast, all the FTD patients were negative emotions. FTD patients were impaired in the recog-
impaired in recognizing at least one negative emotion. Even nition of negative emotions independent of whether those
case 3, who performed within normal limits on most emo- emotions were ‘easy’ (anger, disgust) or ‘difficult’ (fear) to
tions, wasimpaired in the recognition of one negative emotion recognize by normal subjects. This pattern argues against a
(fear). FTD patients only seldom were impaired in positive level-of-difficulty interpretation, and points instead toward
(happy) and non-negative (neutral, surprise) emotions. Five an specific deficit in processing negative emotions.
out of 6 FTD patients were impaired in recognizing ‘easy’ The findings from Experiment 1 also rule out the possibil-
negative emotions, such as anger and disgust, a result thaity that the impaired performance by the FTD group was due
again argues against a level-of-difficulty interpretation. to general cognitive deficits. The AD group, which had gen-
In another approach to the data, we explored the error eral cognitive deficits as large as the FTD group, performed
patterns for systematic variations. This exploratory analysis significantly better than the FTD group in facial emotion
is most revealing for emotions with a sizeable number of er- recognition. In fact, the AD group performed as well as the
rors. For this reason, we limited the analysis to faces depictingnormal participants. This latter finding may, at first sight,

Table 3

Individual data from patients with frontotemporal dementia in Experiment 1, and number of patients in the lowest 5th percentile of the norat@irdistrib
Happiness Neutral Surprise Sad Disgust Fear Anger Average

1 100 645 86 645 44 62.5 72 70.3

2 100 3952 3r 2852 62.52 315 64.3 51.9

3 100 86 78.5 5 100 218 93 79.6

4 100 71 93 100 632 19 28.8¢ 67.7

5 100 86 93 57 69 27 5¢ 68.8

6 100 100 64 4P 5357 40.5 21.8 60.3

Below 5th percentile

FTDs (h=6) 0 1 2 2 5 2 5 5

ADs (n=9) 0 0 0 1 0 0 1 0

a Scores below the 1st percentile of the normal distribution (i.e., S-E2.83).
b Scores below the 5th percentile.
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seem to be a departure from previous studies showing AD 2.1. Method

impairment in emotion recognitio\(bert, Cohen, & Koff,

1991). However, the range of cognitive impairment in those 2.1.1. Participants

previous studies was much larger than in ours. Furthermore, Participants were the same as in experiment 1, with the ex-

the poor performance was accounted for by impaired ception of one AD patient who was not available to complete

cognitive ability rather than by a specific impairment in this experiment.

facial emotion recognition. Thus, Experiment 1 is broadly

consistent with those findings, in that it showed that AD 2.1.2. Stimuli

patients with mild cognitive deficits were not impaired in Photographs of the six basic emotions (sad, happy, sur-

emotion recognition. prised, angry, disgusted, frightened) from the Ekman and

When FTD patients made an error, their choices were very Friesen series were selected. Unlike Experiment 1, we did

similar to the choices made by the comparison groups. Fornot include neutral faces. The photographs were modified

example, expressions of fear were mistaken to be expressionsising Adobe Photoshop to add a gray oval filter that com-

of surprise in all three groups. Thus, although FTD patients pletely masked the external facial features. The size of each

were impaired in their ability to recognize negative emotions, face was 8 cnx 5.2 cm, and faces were displayed 3 cm apart

their perception seemed qualitatively similar to that of par- from each other. The photographs were displayed against a

ticipants in the comparison groups. One exception was thegray computer background.

perception of angry faces, which FTD patients, unlike other ~ The photographs were grouped into pairs, of which half

groups, often perceived as an expression of sadness. showed the same emotion (e.g., happy—happy) and half
showed different emotions (e.g., sad—happy). Half of the
pairs depicted faces of the same sex—but never the same
identity—and the other half depicted faces of different sex.

2. Experiment 2 These two factors (sex similarity, emotion similarity) were
balanced.
Experiment 2 aimed to replicate the findings of Experi- There were 28 trials in which the emotion depicted was

ment 1 and to further explore the factors contributing to FTD the same for the two faces. Sixteen of these trials depicted a
patients’ difficulties in recognizing negative emotions. Two negative emotion (four trials for each emotion), and the other
faces were displayed side-by-side and participants reportedl?2 trials depicted an emotion that was not negative (six happy
whether the pair of faces depicted the same or different emo-and six surprise). This was a compromise between having an
tions. equal number of negative and non-negative trials, and having
The design of Experiment 2 reduced some of the generalan equal number of trials for each emotion. The other 28 trials
cognitive demands of Experiment 1 by reducing the number depicted faces with different emotions. In 12 of these trials,
of alternatives and eliminating the use of verbal emotion la- one of the emotions was positive (happy) and the other was
bels. These modifications also rectified another limitation of negative (sad, fear, anger, disgust), and in the remaining 16
Experiment 1, namely the fixed location of emotion labels trials both emotions were negative (e.g., fear and disgust).
in the computer screen, which might have contributed to re- Each emotion was depicted on the left and right sides of the
sponse biases. To control for differences in speed-accuracyscreen with close to equal probability.
criterion, the design of Experiment 2 kept the display expo-  In selecting pairs of faces with the same emotion, we tried
sure constant at 1500 ms, instructed participants to ‘go with to minimize their superficial similarity. This is difficult to
the flow and rely on firstimpressions’, and recorded responseachieve, because facial expressions have a correspondence
times. with superficial (i.e., observable) facial features. Thus, two
Although the goal of Experiment 2 was to explore emo- faces showing the same emotion are bound to look more sim-
tional facial processing, it was important that the stimuli and ilar than two faces expressing different emotions. Nonethe-
design be applicable also to a non-emotional facial sex dis-less, a certain amount of variability exists in the ways that
crimination task (Experiment 3), so that a direct compar- an emotion can be expressed, and this variability can be used
ison between emotional and non-emotional facial process-to minimize the feature similarities. For example, anger can
ing could be drawn. To meet these demands, faces includedbe expressed by an open mouth with teeth showing, but it
only internal features so that sex information could not be can also be expressed by a closed mouth with tight lips. We
extracted from hairstyle or ear accessories. Moreover, sexused that variability when pairing faces of the same emotion,
similarity and emotion similarity were balanced so that the as a way to discourage a strategy based on simple feature
probability of ‘'same emotion’ trials was independent of sex matching. By the same logic, we tried to maximize the fea-
similarity. Finally, an equal number of same sex and differ- ture similarity in pairs that depicted two different emotions.
ent sex trials were presented. These aspects of the design,
although irrelevant for Experiment 2 (i.e., emotion recog- 2.1.3. Procedure
nition task), will become critical in Experiment 3 (i.e., sex Two faces were displayed simultaneously 3 cm apart from
recognition task). each other and remained on the screen for 1500 ms, after
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which they were replaced by a small circle in the center of  Trials depicting the same emotion were categorized ac-
the screen. The circle remained for 9s, or until the partici- cording to their emotional valence as ‘positive’ or ‘negative’.
pant made a verbal response, at which point it was replacedA mixed analysis of variance included group (NC, AD, FTD)
by a small cross to signify that a response had been recordedas a between-subjects factor and valence (positive, negative)
Verbal onset response was measured relative to the onset o&s a within-subject factor. This analysis revealed a main ef-
the faces, via a serial response box (model 200a) attachedect of group,F(2, 21)=12.9p<0.001, but no effect of va-
to the computer. Following their verbal response, the exper- lence, nor an interaction between valence and group. Post
imenter entered the participants’ answer by pressing a keyhoc comparisons revealed that the FTD group was impaired
in a separate keyboard via an USB connector. An interval of relative to the AD group, and that both patient groups were
2500 ms followed, after which a new pair of faces was dis- impaired relative to the normal comparison group (Tukey
played. There were 56 trials in the actual test. Participants HSD, p<0.05). The absence of a valence effect on trials de-
were encouraged to answer correctly but also quickly. They picting the same emotion does not rule out the possibility
were told that ‘first impressions are as good as any’, and thatthat negative emotions could be more difficult to recognize
they should ‘go with the flow and if unsure, make their best than positive emotions. Given that observers had an overall
guess’. tendency to respond ‘same’, the trials with same emotion are
Before starting the session, the following instructions were less informative than the ones with different emotions. Simi-
given: “You will see two faces on the screen. Report whether larly, the absence of group differences in how valence affects
the faces are showing the same emotion or different emotions.performance in the ‘same’ trials is less informative than the
For example, if you see two people who are sad, you would analysis of possible group effects in the trials with different
say ‘Same’ butif you see a person who is sad and another whoemotions.
is happy you would say ‘Different™. Next, participants saw Data from trials with different emotions were entered in a
four practice trials, two depicting the same emotion, and two mixed analysis of variance that had group (NC, AD, FTD) as
depicting different emotions. The pairs used for practice were a between-subjects factor and valence (‘positive—negative’,
not included in the data analysis nor in the actual test. The ‘negative—negative’) as a within-subject factor. The analysis
practice trials were selected to be very easy, and participantsevealed a main effect of group(2, 21)=12.7,0<0.001,
were given accuracy feedback. After a correct response, theand post-hoc comparisons revealed that the FTD group was
experimenter said “That’s right, they are both [depicted emo- impaired relative to each of the comparison groyps@.05).
tion], they are showing the same emotion” or “that’s right, The main analysis also revealed a valence main effect, as
she is [emotion A] and he is [emotion B]; they are show- two negative emotions were more difficult to discriminate
ing different emotions”. If the participant made an error, the than a pairing of one negative and one positive emotion,
beginning of the sentence (“That's right.”) was replaced F(1,21)=68.1p<0.001. This valence effect interacted with
by “Actually. . .”. After the practice, the instructions were re- group,F(2, 21) =5.9p<0.01. Although all groups had more
peated once again. Participants were given no feedback durdifficulty in discriminating two negative emotions than in
ing the actual test. At various points during the session, the discriminating a negative from a positive emotion, follow-up
experimenter would remind participants of the instructions analyses revealed that it was the FTD group that was partic-
by saying, “Are these two people showing the same emotion ularly impaired in the discrimination of negative emotions.
or different emotions?” The experimenter offered these re- Relative to normal participants, FTD patients were signif-
minders about three times in the course of the session, or anyicantly worse at discriminating pairs of negative emotions

time after the participant made several errors in a row. than pairs combining positive and negatii#€], 14)=18.1,
p<0.001. A similar trend was obtained for FTD patients rel-
2.2. Results ative to AD patientsi(1, 12) =3.5p<0.08 (Table 4.
Individual data provided further support to the claim that
2.2.1. Accuracy FTD patients were impaired in their ability to discriminate

A preliminary analysis included group (NC, AD, FTD) emotions, and that this deficit was most pronounced for neg-
as a between-subjects factor, and emotion similarity (same,ative emotions. All six FTD patients were in the lowest 5th
different) as a within-subject factor. This analysis revealed a percentile of the normal distribution for negative emotions,
tendency to report that both pictures were showing the sameand half of them were in the lowest 5th percentile for pairs
emotion: performance was worse on trials with different emo- combining a positive and a negative emotion. In contrast, only
tions than in trials with the same emotidfA(l, 21)=12.8, one of the AD patients was in the 5th percentile for negative
p<0.002. Thus, trials depicting the same emotion were an- emotions and none were in the lowest 5th percentile for pairs
alyzed separately from trials depicting different emotions. combining a positive and a negative emotion.

Another reason to analyze these two types of trials sepa-

rately was that, while performance in ‘same’ trials depended 2.2.2. RT

on the recognition of one emotion, performance in ‘differ- Error trials were excluded from the RT data. We also ex-
ent’ trials was also dependent on the processing of a seconctluded the 1.7% of correct trials that were anticipatory re-
emotion. sponses (RT less than 100 ms) or extreme outliers (RT longer
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Table 4
Percent correct (and standard deviations) for Experiments 2
Group Same-emotion Different-emotions
Positive Negative Positive—negative Negative—negative
NC 95 (6) 97 (3) 98 (4) 83 (20)
AD 94 (6) 87 (10) 99 (3) 70 (23)
FTD 78 (12) 82 (12) 88 (5) 40 (5)

than 9s). For each of the conditions of interest, median re- criminating emotions of opposite valence (cross-valence tri-
sponse times were computed. Again, responses from trialsals). This difference was most pronounced in FTD patients. A
depicting the same emotion were analyzed separately frompossible explanation of these results is that FTD patients are
trials depicting different emotions. specifically impaired in the processing of negative emotions.

Data from trials depicting the same emotion were entered An alternative explanation is that valence is an important cue
into a 3x 2 mixed analysis of variance that had group (NC, for emotion discrimination, and that the ability to use this
AD, FTD) as a between-subjects factor and valence (positive, cue is relatively spared in FTD patients. This explanation is
negative) as a within-subject factor. This analysis revealed aconsistent with a level-of-difficulty interpretation. According
main group differencel-(2, 21)=3.5,p<0.05. Follow-up to this view, FTD patients are disproportionately impaired in
analyses of variance comparing each group pair revealedthe discrimination of two negative emotions because this is a
that normal participants were faster than both of the pa- more difficult task than discriminating emotions of different
tientgroupsMnc =1334(S.D.=77)Map = 1556 (SD =87); valence?

Mrrp=1643 (S.D.=100); comparison against AB(1,

16)=5.8,p<0.03; comparison against FTB(1, 14)=5.6,

p<0.03]. Most importantly, there was no difference between 3. Experiment 3

the patient groups, with AD patients responding as quickly

as FTD patients. Experiment 2 provided converging evidence of impaired

Data from trials depicting two different emotions were emotion recognition of negative emotions in FTD patients.
similarly submitted to a % 2 mixed analysis of variance In Experiment 3, the same stimuli and a similar design were
that had group as a between-subjects factor and valenceused totestthe processing of non-emotional attributes. Partic-
(‘positive—negative’, ‘negative—negative’) as a within-subject ipants were instructed to report whether two faces belonged
factor. There was a main valence effe&l, 21)=27, to people of the same sex or different sex. Poor performance
p<0.0001. Responses to pairs depicting two negative emo-in this sex discrimination task would suggest that FTD pa-
tions took longer than responses to trials pairing a negativetients have a general deficit in face processing, while good
emotion and a positive one ['Negative—Negatiid'= 1746 performance would favor a more specific deficit, limited to
(S.D.=59); ‘Positive—NegativeM = 1482 (SD = 46)]. There ~ emotional information.
was also a main group effecMfc=1328 (S.D.=64); Experiment 3 also provided an opportunity to explore
Map =1697 (S.D.=72); Mprp=1717 (S.D.=89); F(2, the automatic (i.e., obligatory) processing of emotional in-
21)=4.6,p<0.02]. Follow-up analyses of variance revealed formation. More specifically, we asked whether observers
that normal subjects were faster than both patient groupswould exhibit a cost when the emotion information was in-
[comparison against ADF(1, 16)=7.7,p<0.01; compari- congruent with the sex information. Incongruent information
son against FTDE(1, 14) =6.7 p<0.02]. Most importantly, occurred in trials in which two faces of the same sex dis-
there were no differences in response time between the twoplayed different emotions, and in trials in which two faces of
patient groups. different sex displayed the same emotion. Congruent trials
included the pairing of faces of same sex and same emo-
tion, and the pairing of faces of different sex and different
emotion.

To minimize the risk of participants forgetting the instruc-
tions and switching to an emotion similarity judgment, a prac-
tice session of a sex discrimination task was administered im-
mediately before the main task. In this practice session of 26

2.3. Discussion

The findings from Experiment 2 again revealed emotion
recognition impairment in the FTD patients, relative to AD
patients and normal participants. Importantly, however, this
deficit was not an artifact of a speed/accuracy trade-off. FTD
patients took as much time to respond as did AD patients.

In all groups, responses were slower and accuracy rates 4 A direct test of the level-of-difficulty interpretation would require two
were lower for trials with two negative emotions than for conditions of comparable difficulty, one with negative emaotions pairs and the

trials i hich ti ti ired with a h other with non-negative emotion pairs (e.g., happy/surprise). Results from
nals In which a negative emotion was paired with a happy our lab reveal that in such a task, FTD patients are specifically impaired in

fa_ce. Thus, pa_rticipant; had maore difficulty Qiscriminating the discrimination of negative emotions, a result that argues against a level
different negative emotions (within-valence trials) than dis- of difficulty interpretation (Fernandez-Duque & Black, unpublished data).
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trials, only neutral faces were displayed, forcing participants Table 5

to make their judgment based on sex. Percent correct (and standard deviations) for sex discrimination in Experi-
ments 3

3.1. Method Congruent (%) Incongruent (%) Congruency effect (%)
NC 94 (6) 87 (11) 7

3.1.1. Participants AD  82(6) 77(8) 5

. . . FTD 84 (9) 83 (14) 1
Participants were the same as in Experiment 1.
3.1.2. Stimuli explore this effect in more detail, we ran paireigsts com-

paring congruent and incongruent conditions in each group.
Normal participants performed worse in incongruent trials
than congruent onef9) =2.4,p<0.04. In contrast, no such

.1.3. Pr r . .
3.1.3. Procedure . : . difference was found for FTD patients, for whom the per-
The procedure was identical to Experiment 2, except that S .
formance in incongruent trials was almost as good as con-

participants responded whether the faces belonged to people ;
of the same or different sex. The instructions warned par- gruent ones (seable 9. As expected, AD patients showed

ticipants that the faces would be expressing emotions, butthe same pattern of results as healthy elderly, although this

reassured them that this was an incidental aspect of the taslf(%?irijzn;i gﬁf;t in that group failed to reach significance,

that they had to ignore. In particular, participants were told:
“Now you are going to continue doing the same task that you
have been doing so far [i.e., the practice block]. Namely, you
will see a pair of faces, and have to decide whether they are
of the same sex or different sex. For example, if you see two
women, you will say ‘same’; if you see two men, you will
say ‘same’; but if you see a woman and a man, you will say
‘different’. Sometimes people might be smiling or frowning,
but that is not important here. All you have to do is tell me
whether they are of the same or different sex”. As in previous
experiments, verbal onset response was measured relative t
the onset of the faces, via a PST serial response box (mode
200a) attached to the computer. Due to a technical error, RT
data for one FTD patient (case 6) were not collected.

Identical to Experiment 2.

3.22. RT

Next, we assessed group differences in the speed of re-
sponse. Error trials were excluded from the RT data. We
also excluded 0.9% of correct trials that were anticipatory re-
sponses (RT less than 100 ms) or extreme outliers (RT longer
than 9s). Median response times for the conditions of in-
terest were computed. The data were submitted to a mixed
analysis of variance that had group (NC, AD, FTD) as a
getween-subjects factor and emotion/sex congruency (con-
pruent, incongruent) as a within-subject factor. This analysis
revealed a congruency effedi¢g=1539, Mincg =1619;
F(1, 21)=10,p<0.004. There was also a main effect of
group, F(2, 21)=6.5,p<0.01. Post hoc comparisons re-
vealed that normal participants were faster than each of
the patient groups (Tukey HSpP<0.05). Most impor-
tantly, there was no difference between the FTD and the AD

3.2.1. Accuracy _ _ — - .
) . . groups Mnc =1299 (S.D. =180)Map =1753 (S.D. =386);
A mixed analysis of variance was conducted on the accu- Me1p = 1685 (S.D. = 256)].

racy data, with group (NC, AD, FTD) as a between-subjects
factor, f';m_d emopon/sex congruency (congruent, |ncongruent)3.3. Discussion
as a within-subject factérPerformance was more accurate

when emotion and sex provided congruent information than

when they did notf(1, 22) =5.9p<0.02. There was also a significantly worse than healthy elderly subjects, in the sex

group main lef;etcr;[Ft(Z, 22):I4.2F:'<'0-03t. Post hoc compar- t discrimination task of Experiment 3. Thus, the task was suffi-
!;onsArgveat_e N aT nlf rmsspa!gl%%n sMwere_ mor? at;lcura eciently difficult, and its dependent variables sufficiently sen-

an patients (Tu ey Dl ' .)‘ ore importantly, sitive, to reveal differences among groups. Despite such task
however, there was no significant difference in accuracy of

. o sensitivity, the FTD group responded as accurately and as fast
performapce between the patu_ant groups. The mdmdgal d.ataas the AD group in the sex discrimination task. This suggests
tell a similar story: the proportion of patients performing in

the | t 5th tile of th | distributi th that FTD deficits in Experiment 1 or 2 were not due to a gen-
© lowes percentrie ot e normal distribution was e o) geficit in face processing, but rather to a more specific
same for the FTD and the AD groups (33%). deficit in emotional processing
The congruency effect indicated that emotion information '

) N Experiment 3 also assessed the obligatory processing of
was being processed despite its irrelevance to the task. Toemotional information, and its possible disruption in FTD.

Normal participants were unable to ignore incidental emo-
5 Whether the pairs depicted faces of the same sex or different sex wastlon mf_ormatlon_' and e_Xthlted a C_OSt Whe_n the emo“?” In-
not included as a factor because a preliminary analysis revealed it had noform§t|0n conflicted with the sex information. AD pe.ltl.ents
significant effect nor did it interact with other factors. exhibited the same pattern of results as normal participants,

3.2. Results

Both AD and FTD patients performed below ceiling, and
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although the effect failed to reach significance. More impor- emotion discrimination, despite performing as well or better
tantly, FTD patients suffered no cost when emotion infor- than those participants in sex discrimination.
mation conflicted with sex information. This result indicates
a failure in the automatic processing of facial emotion by
patients with FTD. This finding is particularly revealing be- 5. General discussion
cause, unlike the measures of Experiments 1 and 2, the incon-
gruency cost is an indirect measure of emotional processing, The findings from three experiments support the claim that
and as such itis less susceptible to contamination by strategyfrontotemporal dementia (FTD) patients are impaired in the
recognition of negative facial expressions. In Experiment 1,
FTD patients were impaired in the recognition of negative
4. Experiments 2 and 3 joint analysis facial emotions, while AD patients with similar cognitive
deficits performed normally. FTD patients were impaired in
The findings from Experiments 2 and 3 argue for a se- the recognition of ‘difficult’ as well as ‘easy’ negative emo-
lective impairment in the recognition of facial emotions by tions, arguing for a specific deficit in the processing of nega-
FTD patients. To directly test this conclusion, we submitted tive emotion, and against a levels-of-difficulty interpretation.
the data from Experiments 2 and 3 to an analysis of varianceThe error pattern suggested that FTD patients were able to
that included patient group (FTD, AD) as a between-subjects recognize happiness, and discriminate positive and negative
factor, and task (emotion discrimination, sex discrimination) expressions, but had difficulties identifying specific negative
as the within subject factor. Data from the AD patient who emotions. In Experiment 2, despite reduced task demands,
participated only in the sex discrimination task were excluded FTD patients continued to have difficulties discriminating
from this analysis. pairs of faces with negative emotions. However, when asked
This analysis revealed an interaction between type of to discriminate a pair of faces based on sex rather than emo-
task and groupk(1, 12)=13,p<0.003. Follow-up analy- tion, FTD patients performed as well as AD patients (Exper-
ses revealed that FTD patients performed worse than AD pa-iment 3). Thus, the deficit in the first two experiments was
tients in the emotion recognition tad¥ap =87% (S.D. =5); specific to emotional information of faces, particularly those
Mretp=71.9% (S.D.=5){(12) =5.7,p<0.0001. In contrast,  of negative valence.
there was no significant group difference in the sex dis-  Our experiments suggest that frontotemporal dementia
crimination task,Map =78.3% (S.D.=5);Mg1p=83.8% impairs the ability to recognize emotions. Before accepting
(S.D.=11)t(12)=1.2, nsFig. 1). this conclusion, however, at least two alternative explana-
The combined analysis of Experiments 2 and 3 provide tions need to be ruled out. First, some patients in the current
strong support for the claim that FTD patients’ impairmentin study had abnormal scores on a depression symptom scale,
facial recognition is limited to emotional features, and could raising the question of whether impaired emotion recogni-
not be accounted for by a different level of difficulty across tion was secondary to depression. However, the literature on
tasks. FTD patients performed worse than AD patients in emotion recognition in depression provides no support for the

B Sex Task

B Emotion Task

Accuracy (%)

Normal AD FTD

Fig. 1. Overall accuracy rates-( S.D.) for same/different discrimination based on sex (Experiment 3) or emotion information (Experiment 2). FTD patients
were impaired in the emotion discrimination task despite performing comparable to AD patients in the sex discrimination task.
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contention that depressive symptoms could account for thenation based on different levels of difficulty. Future studies
pattern of results exhibited by FTD patients in these studies. should address whether normal recognition of happiness by
Depressed patients have sometimes been described as ha¥TD patients generalizes to subtle displays of happiness in
ing a negative bias, with high accuracy for labeling sadnesswhich off-ceiling performance can be measured.
and relatively poor accuracy labeling happinédaiidal and Although some of the brain regions implicated in the pro-
Bhattacharya, 1988andal & Bhattacharya, 1985). Other cessing of negative emotions are often dysfunctional in FTD,
studies have pointed to an overall reduction in perfor- it would be a mistake to draw strong conclusions from our
mance, both for emotional and non-emotional recognition findings about the specific localization of emotions. The ex-
tasks Asthana et al., 1998Depressed patients have some- istence of specific anatomical substrates for individual emo-
times been found to show normal emotion recognition in tions is a matter of debat€&lder et al., 2001; Rapcsak et al.,
paradigms similar to our Experiment Géebel & Wolwer, 2002, and FTD is a progressive disease affecting mainly the
1992 Gessler, Cutting, Frith, & Weinman, 198None of frontal and anterior temporal regioriddcti et al., 2003 FTD
these patterns is consistent with the pattern exhibited by FTDimpairment in emotion recognition is likely to be caused by
patients, who exhibit impaired recognition of negative emo- atrophy in orbitofrontal cortex, insula, and amygdala, and our
tions, including some that are easily recognizable by other study cannot address the unique contribution of these areas.
patient populations (e.g., anger). In other studies, FTD impairment for negative emotions

A second alternative interpretation is that FTD patients’ was correlated with right orbitofrontal and amygdalar atro-
poor performance in emotion recognition was secondary to phy (Rosen et al., 2002 The right hemisphere bias is con-
a general decrease in cognitive ability. However, the pattern sistent with findings from the stroke literature, which point
of results is inconsistent with this interpretation. Although to a preferred role of the right hemisphere in emotion pro-
neuropsychological tests revealed the FTD group to be cog-cessing Anderson et al., 200Bowers, Blonder, Feinberg,
nitively impaired, a group of AD patients equally impaired in & Heilman, 199). The orbitofrontal and amygdalar atrophy
cognitive tasks was able to out-perform the FTD group, fre- is consistent with the role these areas play in emotion recog-
quently reaching normal performance (e.g., Experiment 1). nition (Blair et al., 1999; Hornak et al., 1996; Young et al.,
This suggests that FTD patients’ deficit was specific, and not 1993. Nonetheless, amygdalar atrophy also occurs in AD
attributable to a general cognitive loss. Further evidence thatpatients Callen et al., 200} a group that performed close to
impaired performance by FTD patients cannot be explained normal in our study. Interestingly, the pattern of amygdalar
as a general impairment in the processing of facial stimuli atrophy appears to be different in the two diseases. FTD af-
came from Experiment 3. In that experiment, FTD patients fects mostly the basolateral complé&s(chiya et al., 1999
performed as well as AD patients in a sex discrimination task. which in the monkey has neurons that respond selectively
This suggests that FTD patients are capable of processingo faces, and therefore is thought to be important for emo-
non-emotional attributes of faces. Importantly, performance tion recognition. Instead, AD affects mostly the corticome-
in this task failed to reach ceiling levels of accuracy. In other dial nuclei, which are phylogenetically older and modulate
words, the absence of group differences cannot be attributedautonomic functions such as respiratory and cardiovascular
to a lack of test sensitivity. control Herzog & Kemper, 1980Hooper & Vogel, 1976

The behavioral dissociation between emotional and non- LeDoux, 1996 Tsuchiya, & Kosaka, 1990Thus, different
emotional processing of facial features also correlates with patterns of amygdalar atrophy might explain why there is
the pattern of neuroanatomical involvement. In particular, poor emotion recognition in FTD but not in AD.
FTD spares the face fusiform area in the temporo-occipital ~ Another area important for face processing is the superior
cortex, a region that responds selectively to faces, and that issemporal gyrus, a region that is moderately involved in FTD
damaged in prosopagnosic patierfmasio, Damasio, & (Rosen etal., 2002and has rich connections with the amyg-
Van Hoesen, 198 Xanwisher et al., 1997In contrast, FTD dala and the orbitofrontal corteR6lls, 1999. Recognition
atrophy is usually evident in limbic and orbitofrontal areas, ofeye gaze direction, biological motion, and other social cues
regions known to participate in many aspects of emotion reg- depends on the normal functioning of the superior temporal
ulation. sulcus Allison, Puce, & McCarthy, 2000 Little is known

The issue of specific processing of facial attributes can be about the abilities of FTD patients in these domains, but con-
taken a step further by asking whether certain emotions aresidering the clinical presentation of the disease, deficits are
more affected than others. Our results demonstrate that palikely to exist. Such deficits, if found, could help explain the
tients with FTD are specifically impaired in the recognition of poor social skills exhibited by FTD patients. Similarly, our
negative emotions. Patients with FTD were impaired not only finding that the recognition of certain facial emotions is im-
in recognizing negative emotions that are normally difficult paired in FTD may contribute to their socially inappropriate
to identify, such as fear, but also in the recognition of neg- behavior. Faces convey information about people’s feelings,
ative emotions that are easily identified by healthy subjects, aswell as their reactions to the social behavior of others. Thus,
such as anger. FTD patients’ poor performance in responsean inability to recognize certain emotions may underlie in part
to easy-to-identify negative emotions favors a true deficit in deficits in empathy and decision making, problems that are
the processing of negative emotions, rather than an expla-so frequently encountered in FTRéary et al., 1998 At the
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same time, impaired recognition of facial emotion sometimes (Reitan & Wolfson, 199Band the Wisconsin Card Sorting
occurs in the absence of socially inappropriate behavior, are-Task (WCST) assessed categorization ability as well as set
sult that hints at a certain level of redundancy in the system. switching. One AD patient was unable to understand the in-
Complex social abilities are bound to draw on a multitude of structionsto the Trails B and one FTD patient (case 1) became
cognitive and emotive functions. The job ahead of us is to frustrated with the WCST and walked out.
uncover how such basic functions give rise to socially savwy  Neuropsychiatric testing included the Frontal Behavioral
individuals. Emotion recognition may be a first step, but in Inventory Kertesz et al., 2000 the Neuropysychiatric In-
all certainty it will not be the last. ventory areaCummings et al., 1994and the Cornell Scale
for Depression in Dementig(exopoulos et al., 1988
The Frontal Behavioral Inventory (FBI) is a standarized
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supported by fellowships from the Heart and Stroke Foun-  The Neuropsychiatry Inventory (NPI) is a validated,
dation of Ontario (grant no. F 4866), the Rotman Research widely used, semi-structured interview by the clinician with
Institute, Baycrest Centre for Geriatric Care, and the Cogni- the caregiverto assess 12 behavioral domains, including delu-
tive Neurology Unit, Sunnybrook and Women'’s, University sions, hallucinations, agitation, depression, anxiety, eupho-
of Toronto. ria, apathy, disinhibition, irritability, aberrant motor behavior,
night-time behavior, and appetite disturbanCemfimings et
al., 1994. The inventory takes into account both frequency
Appendix A. Cognitive and neuropsychiatric testing (on a scale 0-4) and severity (on a scale 0-3) of each disorder
for a maximum of 12 points in each. Data were gathered for
Overall performance was assessed with the Mini-Mental all patients except one AD patient and one FTD patient (case
State Examination (MMSE}plstein, Folstein, & McHugh, 1) forwhom caregiver reports were unavailable (Ezigle J).
1975 and the Dementia Rating Scalddttis, 1976§. Mea- Four of five FTD patients had abnormally high scores in the
sures of verbal and semantic abilities included the Boston NPI, particularly in disinhibition, apathy, changes in appetite,
Naming Test Kaplan, Goodglass, & Weintraub, 1982he and aberrant motor behavior. In contrast, only two of eight
comprehension sub-test of the Western Aphasia Battery AD patients showed increased scores in the NPI.

(Kertesz, 198p the verbal fluency task for the letters F, A, The Cornell Scale for Depression in Dementia is a
and S, and the semantic fluency task for the ‘animal’ cate- clinician-led checklist of depressive symptoms obtained from
gory (Benton, Hemsher, Varney, & Spreen, 1988lso, the interviews with the patient and the caregiver. Data were col-

FTD group completed the picture version of the Pyramids lected for all patients except one AD patient, who showed
and Palms Trees Test, a non-verbal measure of semantic prosigns of mild depression in the Geriatric Depression Scale
cessing Howard & Patterson, 1992 (Burke et al., 199Burke, Roccaforte, & Wengel, 1991), and
Verbal memory and learning were assessed with the one FTD patient (RH, case 1) who had a history of depres-
California Verbal Learning Task (CVLT)Oelis, Kramer, sion treated with SSRIs. Four of five FTD patients had high
Kaplan, & Ober, 198y, except for one FTD patient (case 4) scores, consistent with the overlap between FTD and de-
who completed the Hopkins Verbal Learning Té&t edict, pression in terms of apathy, changes in appetite, and irri-
Schretlen, Groninger, & Brandt, 1998)isuo-spatial abil- tability. The other FTD patient exhibited euphoria (case 4).
ities were assessed with the Judgment of Line Orientation Three of eight AD patients had scores higher than 25%, sug-
Test Benton et al., 1983 and with the visual memory sub-  gesting probable depression, and two had high scores in the
test from the Weschler Memory Scale-Revised (WMS-R), FBI.
which included both immediate and delayed reproduction
(Weschler, 198y
Working memory was assessed by comparing backward geferences
and forward digit span tasks of the Weschler Memory Scale-
Revised (WMS-R). The ability to switch mental sets was adolphs, R., Damasio, H., Tranel, D., Cooper, G., & Damasio, A. R.
assessed by the ratio of Trail Making Test Part B to Part A (2000). A role for somatosensory cortices in the visual recognition of
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