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SUMMARY

To compare speed, speed variability and accuracy during
feature integration, frontal, profile and upside-down face
recognition, as well as identification and matching of emo-
tions in facial expression, in ADHD and normal adults.
Four subtests from the Amsterdam Neuropsychological Test
(ANT) and the Emotional Continuous Performance Test
(ECPT) were applied in 50 ADHD and 50 normal adults.
ADHD adults took significantly longer than the controls to
select the feature, face and emotion displayed, for both
ANT and ECPT tasks. There was no statistical difference
between the ADHD and control group for accuracy in ANT
tasks, while during ECPT tasks the ADHD adults demon-
strated less accuracy than the control group.

These results for the speed and its variability showed that
both ANT and ECPT can be used efficiently as additional
objective diagnostic procedures for the evaluation of
ADHD in adults, whereas for accuracy, ECPT seems to
be more discriminative than the standard ANT.
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INTRODUCTION

Follow-up studies of childhood Attention-Deficit/Hyperactivity Disorder (ADHD)
have indicated that 10% to 60% of cases persist into adulthood (Weiss et al.,
1985; Mannuzza et al., 1993). A review of the literature supports the validity
of this diagnosis in adults (Faraone et al., 2000; Wilens et al., 2004) and indi-
cates a prevalence of approximately 4% (Kessler et al., 2006; Wilens et al.,
2004), or 2.9% for narrowly-defined ADHD and 16.4% for broadly-defined
ADHD (Faraone & Biederman, 2005). Untreated adult ADHD can be associated
with antisocial behavior, substance abuse, and poor functioning in educational,
occupational, and socioeconomic domains (Kessler et al., 2006; Spencer et al.,
1994). Persons with ADHD change jobs more frequently (Barkley et al., 1996;
Weiss & Hechtman, 1993), and attain lower occupational rank (Mannuzza et al.,
1991). It has been reported (e.g., Serfontein 1994; Weiss & Hechtman 1993) that
adults with ADHD continue to present with attention problems, often choosing
occupations requiring little or no attention to detail. According to Wender (1997),
adults with ADHD continue to have attentional difficulties that tend to manifest
themselves in personal relationships and academic pursuits; they often report
problems with short term memory, distractibility and impulsivity. Legal problems
are more common in this population as well (Barkley et al., 1996; Hansen et al.,
1999; Mannuzza et al., 1991). Neuropsychological research has been aimed at
identifying consistent markers of cognitive dysfunction in ADHD (Taylor & Miller,
1997; Aron et al., 2003; Castellanos et al. 2006; Castellanos & Tannock, 2002)
and neuropsychological deficits have been documented in several studies (Arcia
& Gualtieri, 1994; Downey et al., 1997; Epstein et al., 2001; Holdnack et al., 1995;
Lovejoy et al., 1999; Schweiger et al., 2007; Seidman et al., 1998; Silverstein et
al., 1995; Weyandt et al., 1998). Reaction time studies in the area of information
processing and attention provide ample evidence that processing speed is a sen-
sitive parameter in the experimental and clinical evaluation of (neuro) psycholog-
ical functions (De Sonneville, Njiokiktjien & Bos, 1994; Wiersema et al., 2006).
The results reported by Williams (2007) highlight the importance of fluctuations in
cognitive performance in ADHD, and suggest that there may be independent
sources of variation, with inconsistency affecting the fast and slow portions of the
reaction time (RT) distribution.

Accurate interpretation of information derived from facial expression is
a prerequisite for successful nonverbal communication, but speed of process-
ing is equally crucial, as personal communication proceeds on a real-time-
basis. Facial expressions may change very rapidly and consequently impose
high demands on a person’s processing capacity. When time restrictions during
assessment are absent or when deficits are subtle, differences, deficits, or both
in facial information processing may not be observed at the accuracy level,
while they would possibly show up at the level of speed of processing.
Therefore, speed of facial information processing may facilitate discrimination
between normal and impaired processing of faces and facial emotions. Slow
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processing of facial information may seriously hamper social communication
and its development. In ADHD, poor social skills, behavioral problems, and
impaired interpersonal relationships have been hypothesized to be secondary
to impaired reception of nonverbal communication (Pelc et al., 2006).
Simultaneously, an important aspect of such reception is face recognition and
the identification of facial expressions. In this respect, correct decoding of emo-
tional facial expressions seems particularly important (Carton et al., 1999). For
instance, Rapport et al. (2002) have shown that adults with ADHD perform
worse than controls on tasks involving affect recognition, in contrast to those
involving the recognition of non-affective stimuli. It may be, then, that difficulties
with the appropriate identification and decoding of emotions prevent individuals
with ADHD from developing adequate social and communicative behavioral
patterns. Positive emotions are not only recognized first, but also more accu-
rately than negative emotions (de Sonneville et al., 2002; Everhard, Shucard &
Shucard, 2001; Markham & Wang, 1996; Michalson & Lewis, 1985, Philippot &
Feldman, 1990; Tremblay, Kirouac & Dorea, 1987; Walden & Field, 1982).

The identification of individual facial expressions has been associated with
partially separable neural systems. Overall, facial expressions of emotion are
associated with activation of the medial prefrontal cortex, consistent with its
role in the more general aspects of appraising and monitoring emotion (Lane
et al., 1997; Phan et al., 2001; Williams et al., 2005).

A search of the literature on behavioral parameters during face and emo-
tion recognition in adults with ADHD shows that there has been little research
directly in this area. Most studies have focused on children with ADHD (Mark-
ham & Adams, 1992; Singh, 1998; Yuill & Lyon, 2007; Pelc et al., 2006; Katz-
Gold et al., 2007; Corbett & Glidden, 2000). For example, the findings of
Fonseca et al. (2009) suggest that emotion processing difficulties in children
with ADHD extend beyond facial emotion, and also affect the recognition of
emotions on the basis of contextual information. Thus these data indicate that
children with ADHD have an overall emotion-processing deficit.

The object of our study was to compare the behavioral parameters (speed,
speed variability and accuracy) between ADHD and normal adults during
face recognition and identification of facial emotions, using tasks from the
Amsterdam Neuropsychological Test (ANT), and matching emotions with the
Emotional Continuous Performance Test (ECPT). We hypothesized that
ADHD adults would need more time to process facial and visuo-spatial infor-
mation, and would have a higher error rate than controls.

METHODS

Subjects
Some 50 ADHD patients (29 males, 21 females, mean age = 33.4; SD =
8.39) and 50 healthy controls (24 males, 26 females, mean age = 29.13; SD
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= 8.32) participated in this study. There were no statistically significant differ-
ences of age between the two groups. Of the ADHD adults, 35 were diag-
nosed according to DSM-IV and referred for participation in this study by their
psychiatrists, while the other 15 were self referred and diagnosed with ADHD
while participating in the study. To receive the diagnosis, the participants
needed to have a positive history of ADHD in childhood and to currently meet
DSM-IV diagnostic criteria. In terms of clinical sub-types, 32 of them were
predominantly inattentive, 6 had predominantly impulsive/hyperactive symp-
toms, and 12 had a combined type. However, for our purposes they were
considered together and analyzed as a unified ADHD group, without subtyp-
ing according to DSM-IV. The ADHD adults were tested and recorded at the
Praxis fur Kind, Organisation und Entwicklung in Chur, Switzerland. The nor-
mal adults were recruited via announcements in the media and from the
Medical University and Academy of Sciences and Arts in Skopje. All subjects
had normal or corrected to normal vision. All clients were individually assess-
ed with neuropsychological and neurophysiological testing in an environment
free from distractions. Only the administrator was present during the testing.
All subjects were tested in two sessions (one neuropsychological and one
neurophysiological assessment), which lasted approximately 2.5 hours each.
All participants gave informed consent. The subjects were not allowed to take
any medication in the 48-hour period prior to testing.

Procedure

In the first assessment the following set of interviews and questionnaires

was used to confirm or exclude ADHD:

» Current and Childhood Symptoms Scale (Barkley);

» Brief Symptom Inventory (Derogatis);

* Health History (Barkley);

* Trauma Questionnaire (Mdller & Thomann);

» Semi-structured Interview for Adults with ADHD (Barkley).

Then a neuropsychological assessment was performed, consisting of ten
tasks from the Amsterdam Neuropsychological Tasks (ANT 3.0, de Sonne-
ville, 1999, www.antprogram.nl).

The following exclusion criteria were applied:

* no history of head injury with loss of consciousness;

* no neurological or systemic medical disease (e.g. epilepsy, diabetes);
* no current use of drugs or alcohol;

* no current migraine;

* no comorbid psychotic psychiatric disorder.

During the second session, all subjects underwent QEEG recording with
a Mitsar 21-channel QEEG system during the Emotional Continuous Perfor-
mance Test — ECPT (Psytask), using a two-stimulus Go/NoGo paradigm with
a duration of 20 min. First, all subjects were given a number of practice trials
in order to be sure that they were able to carry out the tasks without making

102



Markovska-Simoska & Pop-Jordanova, Face and emotion recognition

an unacceptably high amount of errors because they did not understand the
task instructions or had forgotten the target signal. Every subject was in-
structed to respond as accurately and as quickly as possible.

Tasks

The assessment included ten tasks from the Amsterdam Neuropsycholo-
gical Tasks program (ANT 3.0, De Sonneville, 1999) and the Emotional Con-
tinuous Performance Test (ECPT, Meier, Muller & Kropotov, 2007). The mea-
sures used for the present study were part of a series of studies investigat-
ing aspects of neuropsychological and neurophysiological functioning among
those groups. Of the ten ANT tasks, only four that were suitable for the topic
of this paper were analyzed. The subjects were seated at a table at a dis-
tance of 80 cm from the computer screen.

Task 1: Baseline speed (BS). In this task, a white fixation cross is display-
ed in the center of the computer screen, and then changes into a white
square after a random time interval (Figure 1). When this change occurs, the
participants should press the mouse button with their index finger as fast as
possible, after which the cross returns and this sequence repeats itself. The
task consists of 10 practice trials and 32 real trials for each hand, starting with
the non-dominant hand, followed by the dominant hand. This task is known
to measure simple speed, which requires minimal cognitive demands (mere
detection of a stimulus change) and can therefore be used as a measure for
simple automated motor reaction time. The post response interval, or PRI
(period between response and next stimulus onset), varied randomly be-
tween 500 and 2500 ms to prevent anticipation strategies. The following two
main outcome measures were analyzed:

1. Speed. Median reaction times (RTs) for baseline speed (in ms; averaged
over both hands) were calculated as an index of speed of information pro-
cessing.

2. Speed variability. Within-subject standard deviations of RTs of baseline
speed (averaged over both hands) were calculated as a measure of speed
variability (variability of performance).

Figure 1. Display for baseline speed (BS) task. The cross (left) is a fixation point and the
square (right) is the target
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Task 2: Feature integration (Fl). After memorizing a predefined visuo-spa-
tial feature (a 3x3 matrix containing six white and three red squares), the sub-
jects have to detect this feature in sets containing four features. When the tar-
get feature is present, a “yes” response is required, otherwise a “no” response.
The task consists of 80 trials, of which 50% are target trials. There were two dif-
ferent conditions. In one condition, all patterns in the display set looked very
similar to the target. This makes the recognition of the target rather difficult
(“difficult” condition). There were 40 such display set presentations, each re-
quiring a response (i.e., 40 trials). Half of these contained the target pattern,
requiring a “yes” response (target trials). The other half required a “no”
response (non-target trials). In the other condition (also consisting of 40 tri-
als), the patterns in the display set were quite dissimilar to the target, which
makes target detection easy (“easy” condition): the target just pops up like
a Gestalt among the alternative patterns (see Figure 2). The target that had
to be kept in mind was presented only at the beginning of the task. The dis-
play set was presented until the subject pressed a key; that is, presentation
time was variable and equals the reaction time. Measures of speed (mean
reaction times and the standard deviations of the correct responses) as well
as of accuracy (number of errors) were obtained for all of the four trial types
(difficult target, difficult non-target, easy target, and easy non-target).

[
LI
1]

target similar nontarger similar  target dissimilar nontarget dissimilar
"difficult conditions" "easy conditions"

Figure 2. Signal types used in the Feature Integration task. The “yes” key should be pressed
on target signals and the “no” key on nontarget signals

Figure 3. Example of a target face (in the middle) and display set in the face recognition task
(frontal, profile and upside-down faces)
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Figure 4. Example of signals used in the Identification of Facial Emotion task. Target emotions
are respectively (left to right): happy, sad, angry, and afraid

Task 3: Face recognition (FR). The subject had to discover a target face
in a display set that consisted of four faces. Both the target face and the faces
in the display set were four digitized high-quality color photos of human faces
(“frontal,” “profile” and “upside-down,” neutral expression, Figure 3), taken from
a set of pictures of 20 different persons (boys, girls, adult men and women)
all dressed in the same black T-shirt to control for differences in non-facial
features. Preceding each signal, a probe (the to-be-recognized face) is pre-
sented for 2.5 s. The gender and age category (children, adults) of the probe
and signal always match, that is, when the probe is a girl‘s face, the signal
contains the pictures of 4 girls, and so forth. The subject should press the
“yes”-key when the probe is present (20 trials), and the “no”’-key when this is
not the case (20 trials). The target face was presented for 2,500 ms and then
disappeared from the screen. After 500 ms, it was followed by a display set,
which, as in the Fl-task, remained on the screen until the subject pressed a
key. Measures of speed (mean reaction times and standard deviations of the
correct responses) and accuracy (number of errors) were obtained for target
and non-target trials.

Task 4: Identification of facial emotions (IFE). In this task the subject is
asked to decide whether a face shows a specific (“target”) expression (“yes”
key) or an expression different from that one (“no” key). The signal consists
of one digitized photo of a face showing an expression that can be identified
as happy, sad, angry, or afraid (examples in Figure 4). The total stimulus set
consists of 32 pictures from 4 different persons, each showing the four emo-
tions. The task consists of 4 parts of 40 trials. In each part, half of the trials
contain the target emotion, whereas in the other half a random selection of
the four other emotions is presented.

ECPT
The ECPT task for the Mitsar system, constructed and validated by Meier,
Muiller, and Kropotov (2007), is a modified Go/NoGo task. This task is a rela-
tively new test, with limited use till now (Markovska-Simoska & Pop-Jorda-
nova, 2009). In this task, stimulus material was taken from the set of pictures
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Figure 5. Stimuli for the ECPT task (see explanation in the text)

of facial affect by Ekman and Friesen (1976), and consisted of black and
white slides of the faces of female and male actors, each presenting an
angry, happy, or neutral face. In this task (Figure 5), trials consisted of the
presentation of a pair of stimuli with an inter-stimulus interval of 1.1sec. Four
categories of trials with the following facial expressions of emotions were
selected: Angry-Angry, Angry-Happy, Happy-Happy, and Happy-Neutral+
Sound. The trials were grouped into four sessions with one hundred trials
each. The trials were presented randomly.

This task can be considered as analogous and comparative to the match-
ing of facial expressions task used by de Sonneville et al., (2002), because
the subject has to press the button with the index finger of the dominant hand
as fast as possible every time an angry face is followed by an angry face (Go-
condition = matching) and to withhold pressing on the other three trial condi-
tions (NoGo-condition = mismatching). The speed and speed variability were
calculated through reaction time on the Go condition and the variation of the
reaction time, while accuracy rate was measured in reference to omission
errors or misses on the Go condition and commission errors or false alarms
on the three NoGo conditions.

Statistical analysis

Statistical analyses were performed using Statistica 7.0 software. A series
of multivariate General Linear Models (GLM) was conducted to compare adults
with ADHD to healthy controls, on the various outcome variables of BS, Fl, FR,
IFE and ECPT tasks. The results per task were evaluated by analyses of vari-
ance (ANOVA), with separate runs for speed (reaction time), speed variability and
accuracy (percentage of errors) as dependent variables, with group type, age and
gender as between-subjects factors, and the various task manipulations as lev-
els of within-subject factors in a repeated measurement design.
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In addition, direct (within-subject) comparisons between tasks were car-
ried out to investigate differences in speed of processing visuo-spatial infor-
mation, neutral faces, and facial emotions.

Cluster analysis (K Mean classification algorithm from the Statistica 7.0
software package) was used to divide ADHD subjects into three groups on
the basis of the ECPT performance.

RESULTS

Baseline speed
ANOVA analysis showed that there was no significant difference in base-
line speed [F (1, 97) =3.033, p=0.085] and variation of speed [F (1, 97) =1.561,
p=0.214] between ADHD and normal adults. This indicates that adults with
ADHD were not significantly different from the control group in terms of their
basic ability to use the response key or basic attention to the task.

Feature integration

Figure 6 (left) shows that processing of nontarget “similars” and target
“similars” was slower in the ADHD group [F(1, 98)=11.39, p<0.001, F (1,
98)=7.180, p<0.009]. Furthermore, the processing of target “dissimilar” was
more difficult F(1, 98)=7.632, p<0.007], compared to non-target “dissimilar”
F(1, 98)=3.433, p<0.067]. Also, the ADHD group showed higher variability of
the reaction time for both “similars” [F (1, 98)=3.673, p<0.05] and “dissimilars”
[F (1,98)=4.550, p<0.035].

As regards accuracy (Figure 6, right), the miss rate was higher than the
false alarm rate, differences being largest for “similars”, but this was not sig-
nificant between groups [Fuis smer (1,98)=1.194, p<0.277, Fuiss assimiar (1,98)=
2.768, p<0.099, Frase aams simiar (1,98)=0.530, p<0.468, Frase atarms aissmier (1,98)=0.003,
p<0.960].

OADHD ~ @NORM OADHD G NORM
2400 77
@ 2000 0 8
£ o 7 g s
] 1 =
£ o 44 %
S 1200 A / o /
c 3 3 4
0 | | | FFl = o /
2 800 /
] f E o | /
a i F F! (| 2
o 400 /) g | %
'/ '/
0 ‘ ! 0 /i ‘ A = |
target similar nontarget  target dissimilar  nontarget miss miss  false alarm false alarm
similar dissimilar similar  dissimilar  similar  dissimilar
response type error type

Figure 6. Speed (left) and accuracy (right) of feature integration
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Face recognition (frontal)

The ADHD group was slower than normal controls in reaction time for hits
[F (1, 95) = 18.44, p<.000], and for reaction time with correct rejections [F
(1, 95) = 11.72, p<.001; Figure 7 left]. Variation of reaction time was signifi-
cantly higher in the ADHD group for both hits [F (1, 95) = 14.25, p<.000] and
correct rejections [F (1, 95) = 6.873, p<.000] compared to healthy controls
(Figure 7 right). All subjects made more misses than false alarms, but the dif-
ference between the groups was not significant [Fusses (1, 95) = 0.204, p<.653,
Frase aams(1, 95) = 2.407, p<.124; Figure 8].

Face recognition (profile)

Regarding speed, all ADHD subjects needed more time than controls in
the target condition (hits) [F (1, 93) = 9.266, p<.003] and in the non-target
condition (correct rejections) [F (1, 93) = 7.416, p<.008; Figure 7 left]. Va-
riation of reaction time was significantly higher in the ADHD group for both
hits [F (1, 93) = 8.962, p<.004] and correct rejections [F (1, 93) = 7.126,
p<.009] compared to healthy controls. With respect to errors, all subjects
made more misses than false alarms, but the difference between the groups
was not significant [Fmses (1, 93) = 0.234, p<.630, Friseaams(1, 93) = 0.173,
p<.678; Figure 8].

Face recognition (upside-down)

This part of the task was the most difficult for the subjects, and here the
differences between the groups were more prominent. As expected, the ADHD
group was slower than normal controls in reaction time (Figure 7, left) for hits
[F (1, 93) = 10.90, p<.001], as well as for reaction time for correct rejections
[F (1, 93) = 9.131, p<.003]. Variation of reaction time was significantly higher

OADHD @NORM  Hehit, CR=corect rejec_tion . e ADHD —+—NORM :E;?tzr:jcrg::;\argg .
fr=fontal, pr=profe, ud=upside-down fr=frontal, pr=profile, ud=upside-dow n
2000 200 -
g 1600 £ 600 /
= 500 A A
0 | R
£ 1200 : -\_/ R
Z S 400 —
£ kS
6 800+ § 300 —A——
1]
8 40 200
100
0 T T T T T T 1
0 ‘ ‘ ‘ ‘ ‘ ‘
H¥ . r Hud G GR r CRud SD Hfr  SD Hpr SD Hud SD CRfr SD CRpr SD CRud
response type SD of RT

Figure 7. Reaction time (left) and variation of reaction time (right) in the face recognition task
for frontal, profile and upside-down faces as a function of group type
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Figure 8. Accuracy of face recognition task for frontal, profile and upside-down faces as a func-
tion of group and response/error type

in the ADHD group for both hits [F (1, 93) = 4.573, p<.035] and correct rejec-
tions [F (1, 93) = 5.753, p<.018] compared to the healthy controls (Figure 7
right). All subjects made more misses than false alarms (Figure 8), but the dif-
ferences between the groups were not significant [Frmsses (1, 93) = 0.434,
p<.234, Frseaams(1, 93) = 0.067, p<.796].

Comparisons between the parts of the FR task

The analysis of reaction time and its variation for hits and correct rejection
revealed that speed decreases on the third and most difficult part (upside-
down faces) of this task in both groups [Frmis e (2, 293) = 18.27, p<.000];
[FRTCR(fr/pr/ud) (2, 293)=1713, p<000], [FSDhits(fr/pr/ud) (2, 293) =12.42, p<000], [FSDCR
moruey (2, 293) = 14.16, p<.000]. As regards accuracy, task type interacted with
false alarm rate, which was much higher for upside-down faces [Fea @)
(2, 293) = 29.29, p<.000], while there were no differences between misses
and task type [Fuwen (2, 293) = 2.031, p<.133].

Identification of facial emotions

Reaction time (Figure 9, left) of “yes”-responses for happy faces were
almost identical in both groups [Frem(1, 95)=0.317, p<.575], while in the other
three parts of the task ADHD subjects were significantly slower for “yes”
[Fsaa(1, 95)=4.160, p<.044, Fug (1, 95)=8.257, p<.005, Fea(1, 95)=20.41,
p<.000,;]. and “no” responses [Frpm(1, 95)=5.093, p<.026, Fs(1, 95)= 13.21,
p<.000, Fagy(1, 95)= 4.960, p<.028, Fea(1, 95)=18.94, p<.000; Figure 9 left]
for all four parts of the task. This was concomitant with higher variation of
reaction time (Figure 9 right) for “yes” and “no” responses in the ADHD group
[Fsocrnanm(1, 95)=3.887, p<0.024, Fsonissas(1, 95)=8.847, p<.004, Fsocrsas(1, 95)=
5.465, p<.021, Fsonsaen(1, 95)=9.775, p<.002, Fsocrangy(1, 95)=20.29, p<.000,
Fsontsear(1, 95)=21.58, p<.000, Fsocreear(1, 95)=11.37, p<.001], except for the SD
of “yes” hits for the happy faces [Fsonisnamy (1, 95)=1.655, p<0.201].
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As far as accuracy is concerned, the number of misses for all tested emo-
tions among the two groups was not significantly different [Fu (1, 95)=
0.885, p<.349, Fusd(1, 647)=4.160, p<.423, Fuas(1, 95)=1.159, p<.284, Fu tear
(1, 95)=0.931, p<.337], versus more false-alarm errors for happy, sad and
angry faces in the ADHD group [Feanan(1, 95)=4.048, p<.047, Feaso(1, 95)=
9.113, p<.003, Feaanen(1, 95)=6.076, p<0.015]. The number of false-alarm errors
was higher in the normal group for afraid faces, but this difference was not
significant [Franen(1, 95)=1.837, p<0.179] (Figure 10 left).
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Figure 9. Reaction time (left) and variation of RT (right) during IFE. H=hits, CR=correct rejec-

tions, SD=standard deviation
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Comparisons between the parts of the IFE task

When accuracy was compared between the two groups for the four parts
of the IFE task, recognizing a positive emotion (in this case happy faces) had
the smallest number of misses and false alarms, while recognizing the sad
face had the highest numbers of misses and false alarms, [Fuisses wsian (3, 390)=
31.139, p<0.000; Fse starms sy (3, 391)=26.68, p<0.000] (Figure 10, left). Speed
varied with the type of emotion, as identifying a “happy” face was much faster
than the other (negative) emotions [F (3, 391)=41.392, p<0.000] (Figure 10
right). Gender and age differences were nowhere significant.

ECPT

The ADHD group was slower in processing the ECPT task, with higher
reaction time compared to the control group [F (1, 87)=4.731, p<0.032]. Also,
RT variation was higher, as expected, in the ADHD group [F (1, 87) =27.00,
p<0.000]. Regarding accuracy, opposite results from the ANT task were ob-
tained: namely, in the ECPT task the ADHD group made more misses [F (1,
87)=25.17, p<0.000]. The ADHD group made more commission errors on
happy-happy faces [F (1, 87)=6.036, p<0.016], while there was no group effect
for commission errors on angry-happy and happy-neutral faces (Figure 11).

Cluster analysis (K Mean classification algorithm from the Statistica 7.0
software package) was used to divide the ADHD subjects into three groups
on the basis of ECPT performance. Indices of reaction time, variation of reac-
tion time, inattention (the number of omissions of target stimuli) and impul-
sivity (the number of false alarms) were taken into account. Analysis of vari-
ance was used to assess the differences in ANT performance between the
three clusters. As follows from Table 1, the subjects in the first cluster (n=17)
performed the test most successfully, i.e. with the lowest numbers of go omis-
sions and erroneous responses to no-go stimuli pairs, shorter reaction time,
and smaller variation of reaction time. In the third cluster (n=9), the numbers
of omissions of target stimuli and erroneous responses to non-relevant pairs
were the highest, the reaction time was longer, and variation was the highest.

—a— ADHD —4&— NORM

ST
0 \\*

omission FA a-h FA h-h FA n-n

Figure 11. Error type in ECPT (FA-false alarms, a-angry, h-happy, n-neutral)
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Table 1. Cluster analysis of the ADHD adults according to ECPT accuracy of performance

Performance results Group | Group Il Group Il
Reaction time 375+20.74 435+23.93 527+32.03
Variation of reaction 10.242.74 12.6+3.3 19.0+4.2
time

?ﬁr;l'ss's'o”s i et 4.1142.52 13.25+3.26 31.2245.63
Emmoneous responses 1.44 +1.88 1.70+2.31 2.08+2.76

to non-relevant trials

The subjects in the second cluster (n=24) were characterized by intermedi-
ate numbers of omissions and erroneous responses.

Performance data for ADHD clusters during the FR and IFE tasks

If we look at the results of the performance data during the FR and IFE
tasks in the three ADHD clusters according to the ECPT, we can see that this
cluster analysis is a good discriminating factor, since group Il (which had the
highest number of omission and commission errors) also had poorer per-
formance on the ANT task compared to groups | and Il (tables 2 and 3).
However, the difference is statistically significant only for misses [F (6,88)=
4.682, p<0.014] and false alarms for FR [Frona (6,88)=4.928, p<0.011], RT and
SD RT for the “happy” part, and “no” responses RT for the “angry” part of the

Table 2. Performance data for face recognition in the three ADHD clusters

FRONTAL
Measure RT SD (RT) CR SD (CR) M FA
Group | 1.206 373 1.580 436 1.23 0.76
Group I 1.243 427 1.619 449 1.96 0.75
Group Il 1.460 571 1.733 470 4.11 2.33

PROFILE
Measure RT SD (RT) CR SD (CR) M FA
Group | 1.118 355 1.450 421 1.43 0.94
Group I 1.109 362 1.416 466 2.00 0.65
Group Il 1.305 516 1.738 538 2.66 2.00

UPSIDE-DOWN

Measure RT SD (RT) CR SD (CR) M FA
Group | 1.266 355 1.742 421 1.82 1.96
Group I 1.334 362 1.811 466 2.08 2.29
Group Il 1.463 516 1.862 538 3.77 3.22
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Table 3. Performance data for identification of facial emotions in the three ADHD clusters

HAPPY
Measure RT SD (RT) CR SD (CR) M FA
Group | 536 106 642 155 0.52 0.41
Group Il 606 132 705 209 0.54 0.77
Group Il 730 262 800 282 0.66 0.94
SAD
Measure RT SD (RT) CR SD (CR) M FA
Group | 881 326 1.083 510 1.66 3.54
Group Il 1.093 512 1.141 508 2.23 3.88
Group I 1.098 454 1.165 505 3.45 4.44
ANGRY
Measure RT SD (RT) CR SD (CR) M FA
Group | 877 383 944 347 1.41 2.04
Group Il 965 352 1.033 394 1.41 2.41
Group Il 1.015 388 1.260 518 1.88 3.66
AFRAID
Measure RT SD (RT) CR SD (CR) M FA
Group | 847 368 881 395 1.17 1.00
Group I 882 345 929 374 0.65 1.43
Group Il 1.072 477 977 343 1.37 2.00

IFE. From the numbers in the tables it can be seen that performance de-
creases proportionally to the qualification to the group.

Comparisons between tasks

Feature Integration versus Face Recognition
Comparisons between RT for target “similar” in the Fl versus RT for hits in
the FR show that the processing speed is significantly slower during FI pat-
tern recognition than face recognition in frontal and profile faces [Frer« (2, 94)=
9.102, p<0.000; Frrrw (2, 92)=6.676, p<0.002], while in upside-down faces

there was a small difference [Frrruw (2,92)=3.145, p<0.048]. As expected, only
the upside-down faces were more difficult to recognize, and because of that
speed in FR upside-down is slower (almost similar) than speed in Fl. This
result suggests that featural and configural strategy formation is not a con-
stituent process of the FI task only, but also in the FR upside down (Figure 12
left). The opposite was found to be true in comparing correct rejections for “sim-
ilar” targets [Frrrr (2, 94)=8.176, p<0.001; Ferre (2, 92)=6.359, p<0.003, Frirruw
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Figure 12. Reaction time of feature and face recognition as a function of group and task type
during hits “similar” (left) and correct rejections “similar” (right)
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Figure 13. Reaction time for “yes” hit responses during face recognition and identification of
facial emotions

(2,92)=6.897, p<0.002], indicating that detecting a non-target between “simi-
lars” was faster for upside-down faces, compared to features, with frontal and
profile face in between (Figure 12 right). With respect to accuracy, signal type
interacted with task type, and the miss rate was larger for feature integration
compared to face recognition (see Figure 6 right and Figure 8 left).

Face Recognition versus Identification of Facial Emotions
As can be seen in Figure 13, speed varied with the type of task, and analy-
sis showed that face recognition was slower than identification of facial emo-
tions [F (7,88)=7.6507, p<0.000], with upside-down and sad as the most dif-
ficult cases. In all parts (except happy faces), the ADHD group was slower
than controls.
Gender and age did not affect performance in any of the tasks.
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DISCUSSION

As predicted, adults diagnosed with ADHD were found to be generally
slower and, especially, more variable in their speed of information processing
than the control group. Interestingly, these differences between groups were
greatest on tasks that demand cognitive effort (i.e. all except baseline speed).
These tasks require controlled information processing, with a combination of
complex memory search and execution as a result of decision processes.
The results suggest that specific information processing deficits are present
in ADHD adults (slower reaction time and greater fluctuation of reaction time)
during feature integration, face recognition, and identification and matching
of facial emotions tasks.

Response speed variability yielded the most significant differences be-
tween ADHD adults and the control group. This finding is consistent with the
study by Kalff et al. (2005), who reported significant differences in the fluctu-
ation of speed in tasks for focused, divided and sustained attention, between
children with ADHD and children with no or other pathology. This extreme
variability in response latencies is one of the most robust findings reported for
older children with ADHD (Paule et al., 2000). Various explanations have
been proposed, such as lack of consistent effort (Kuntsi et al., 2001; Ooster-
laan & Sergeant, 1996), characterizing the core deficit as a state regulation
deficit (in line with, e.g., Borger & Van der Meere, 2000; Sergeant et al.,
1999). State regulation is the ability of the organism to change from a current
non-optimal arousal or activation state in the direction of an optimal (target)
state to fulfill task requirements (Hockey, 1997), while effort is the energy nec-
essary for the regulation of the organism’s actual state. An alternative expla-
nation is that ADHD is characterized by impairment in time perception, and
more specifically the precise representation of temporal information, leading to
an inability to predict precisely the point in time when an impending stimulus
event requires a fast response, thereby causing variable response times on all
reaction time tasks (Paule et al., 2000). An intriguing model has been proposed
that links working memory (a key component underlying executive functions
associated with control of motor processes, also playing a central role in time
perception), with impairments in behavioral inhibition (which is thought to cause
less efficient executive functioning). Neuroimaging studies have found abnor-
malities in brain morphology in ADHD in those brain regions (e.g., cerebellum,
basal ganglia, and frontostriatal circuitry) that subserve time perception, as well
as executive functioning (Aylward et al., 1996; Berquin et al., 1998; Casey et al.,
1997). In addition, Stuss et al. (2003) have demonstrated that lesions in the
frontal lobes (with the exception of the ventral medial-orbitofrontal region), par-
ticularly in adults, impair the stability of behavior and led to increased intra-indi-
vidual variability. When ADHD is viewed as a predominantly frontal-subcortical
disorder, our findings of extreme variability of response speed during controlled
information processing are consistent with this view.
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Specifically, the results of the visuo-spatial task (feature integration) show
that the processing of “similar” was very slow in both groups, but this was
more pronounced in the ADHD group. The results we obtained are very con-
sistent with the results of De Sonneville et al. (2002), who pointed out that the
search for features between “similar’ requires highly demanding, effortful,
controlled information processing, suggesting the use of a featural process-
ing strategy. In contrast, processing of “dissimilar’ was fast, suggesting a con-
figural, more automatized processing strategy, in that target features are eas-
ily spotted between “dissimilars,” and non-target signals are quickly rejected,
as none of the included elements contain more than one solid block. The
reaction time for correct rejections was greater than the reaction time for hits
in both groups, reflecting the fact that non-target signals require exhaustive
processing, whereas processing of target signals can be terminated when
a match has been found.

As regards the face recognition processing task, there is significantly
longer reaction time in ADHD compared to norms, and no difference in miss-
es and false alarms. The speed decreases and variability increases when the
task becomes more difficult. Thus the upside-down faces are most difficult
ones to recognize, and this decreases facial processing capacity. The results
suggest that ADHD adults had the same accuracy level, while lagging behind
considerably in reaction time and variation. While most objects are somewhat
harder to recognize upside-down than right-side up, inversion makes faces
dramatically harder for normal adult subjects to recognize (Valentine, 1988).
Face recognition and object recognition appear to depend on different sys-
tems, which are anatomically separate, functionally independent, and differ
according to the degree of part decomposition used in representing shape.
But upside-down faces do not engage the face-specific processing mechanisms.
This was shown by Farah’s (1996) experiment, in which a prosopagnosic subject
had an impaired face processor, which was engaged by the upright, but not the
inverted faces. This was also found in our study, where we obtained very similar
results for performance in Fl and FR of upside-down faces.

Many studies have reported significantly faster responses to happy than sad
faces, demonstrating that healthy adults recognize facial expressions of positive
emotions (e.g., happy) faster than expressions of neutral or negative emotions
(e.g., sad, angry, or disgusted) (Schulz et al., 2007; de Sonneville at al., 2002;
Grimshaw et al., 2004; Leppanen & Hietanen, 2004). Also, no significant differ-
ences were evident in emotional facial expression decoding accuracy between
children with ADHD and control children for happiness and disgust, while for
decoding of angry and sad facial expressions, accuracy in ADHD children was
significantly lower (Pelc, 2006; Czaplewska, 2008). Consistent with this
research, in the ANT IFE task we used, recognizing the happy faces was easi-
er for both groups, while in recognizing a sad, angry, or afraid face, the ADHD
group was significantly slower in reaction time for hits and for correct rejections;
however, there were no differences in misses and false alarms.
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To identify a facial emotion, subjects are required to match the signal with
an internal representation of the target emotion. Apart from decoding the sig-
nal, performance also depends on the quality of these internal representa-
tions, which are thought to be impaired in ADHD.

Remarkably, the ADHD adults could not be distinguished from the healthy
controls by their accuracy on all ANT tasks. The exception for error rates in
our study was the ECPT (Go/NoGo) task, where there was a high number of
omission errors (as a measure of inattention, Corkum and Siegel, 1993) in
the ADHD group and no differences in false alarms (as a measure of inhibi-
tion) between groups. This result is in line with the findings on 5-6-year-old
children (Kalff, 2005). The explanations for these findings could be low sus-
tained attention during longer periods of time, or the more complicated structure
of the ECPT (it can be considered as a condensation of the FR and IFE ANT
tasks). Also, ECPT has been demonstrated to be a more difficult task than
VCPT (visual continuous performance test - with animals as target stimuli and
plants as nontarget stimuli) (Markovska-Simoska & Pop-Jordanova, 2009).

Moreover, with cluster analysis it was possible to divide all the ADHD
adults into three groups, depending on the quality of test performance:

(1) adults with slight deviations from the norm, who made the fewest go trial
omission errors (less than 6.54%) and erroneous responses in no-go tri-
als (less than 1.35 %);

(2) adults with moderate deviations, who made 12.97% go trial omissions and
1.47% erroneous responses in the no-go trials;

(3)adults with a severe attention disorder (around 31.67% and more omis-
sions of go trials) and high impulsivity (more than 2.09% erroneous re-
sponses in the no-go trials).

In this study, we have revealed a direct dependence of speed, speed vari-
ability and accuracy during ANT feature integration, face recognition and
identification of facial emotions tasks on the severity of the attention disorder
and impulsivity level in the examined group of adults with ADHD syndrome.
Thus, in adults from the first group, who made the fewest errors, the values for
speed, speed variability and accuracy were the lowest, whereas adults in the
third group (with the strongest attentional disorder) had poorer performance
(higher values for speed, speed variability and accuracy). The results showed
that these behavioral parameters obtained during ANT and ECPT tasks can be
used as an additional objective diagnostic procedure for adult ADHD.

The present study found no gender and age differences in speed, speed
variability or performance. No gender differences in performance were also
reported by Schulz et al., (2007).

There is one limitation to be mentioned related to generalization to other
populations. Specifically, the present sample was relatively well educated
compared with the general population of persons with ADHD, who are known
to achieve lower formal education and occupational status than adults with-
out the disorder (Manuzza et al., 1991).

117



Markovska-Simoska & Pop-Jordanova, Face and emotion recognition

CONCLUSIONS

In general, we can conclude that the ADHD group showed a greater res-
ponse time and larger variability of reaction time than the control group, but
there was not a significant difference in error types, with the exception of
ECPT task, where significantly more omission errors were registered. It has
also been shown that differences in performance quality increase with task
complication and duration.

Accordingly, the ADHD group showed more difficulties of dealing with
complexity tasks involved recognition of faces and facial expressions. In ad-
dition, the decoding of complex visual information, and of emotional states, is
not straightforward, since the different feelings of individual participants may
influence the visual decoding and decision-making processes.

This study was designed to evaluate speed and accuracy of processing of
faces that varied in features, orientation, and emotional expression in adults
with and without ADHD. Analyses focused on four subtests from the Amster-
dam Neuropsychological Test (ANT) and an Emotional Continuous Perfor-
mance Test (ECPT). Results showed that across a range of measures, adults
with ADHD performed slower and more variably than their non-ADHD coun-
terparts, but generally had similar error rates, except on the ECPT. Based on
these data, we can conclude that ANT along with ECPT have proven to be
efficient and sensitive neuropsychological tests. Both speed and speed vari-
ability in processing abstract non-facial, facial identity, and facial affect infor-
mation are sensitive parameters in distinguishing adult ADHD from normal,
while accuracy depends on the task complication and duration.

ACKNOWLEDGEMENTS

This work was supported by the EU/ESF COST Action B27 through two
short term scientific missions (STSMs) by the first author at the Private
Psychiatric Practice in Chur, Switzerland and one STSM at the Human Brain
Institute in St. Petersburg, Russia.

We wish to thank Prof. Juri Kropotov, Dr. Andreas Miiller and Gian Cadrian
for their hospitality and unselfish sharing of their knowledge and giving us
direction in this research and assistance in data collection, and Biljana Gjone-
ska, for assisting in part of the data collection for controls. Also, we wish to
thank Prof. Jordan Pop-Jordanov for giving us suggestions and useful ideas
during the writing of this paper.

REFERENCES

Arcia, A. & Gualtieri, C. (1994). Neurobehavioural performance of adults with closed-head
injury, adults with attention deficit, and controls. Brain Injury, 8, 395-404.

Aron, A.R., Dowson, J.H., Sahakian, B.J. & Robbins, T.W. (2003). Methylphenidate improves
response inhibition in adults with attention-deficit/hyperactivity disorder. Biological Psy-
chiatry, 54, 1465-1468.

118



Markovska-Simoska & Pop-Jordanova, Face and emotion recognition

Aylward, E.H., Reiss, A.L., Reader, M.J., Singer, H.S., Brown, J.E. & Denckla, M.B. (1996). Basal
ganglia volumes in children with attention-deficit hyperactivity disorder. Journal of Child Neu-
rology, 11, 112-115.

Barkley, R. A., Murphy, K. R. & Kwasnik, D. (1996). Psychological adjustment and adaptive
impairment in young adults with ADHD. Journal of Attention Disorders, 1, 41-54.

Berquin, P.C., Giedd, J.N., Jacobsen, L.K., Hamburger, S.D., Krain, A.C., Rapoport, J.L. &
Castellanos, F.X. (1998). Cerebellum in attention-deficit hyperactivity disorder: a morpho-
metric MRI study. Neurology, 50, 1087-1093.

Borger, N. & Van der Meere, J. (2000). Motor control and state regulation in children with
ADHD: a cardiac response study. Biological Psychology, 51, 247-267.

Camras, L.A. & Allison, K. (1985). Children’s understanding of emotional facial expressions
and verbal labels. Journal of Nonverbal Behavior, 9, 84-94.

Carton, J.S., Kessler, E.A. & Pape, C.L. (1999). Nonverbal decoding skills and relationship
well-being in adults. Journal of Nonverbal Behavior, 23, 91-100.

Casey, B.J., Castellanos, F.X., Giedd, J.N., Marsh, W.L., Hamburger, S.D., Schubert, A.B.,
Vauss, Y.C., Vaituzis, A.C., Dickstein, D.P., Safatti, S.E. & Rapoport, J.L. (1997). Implica-
tion of right frontostriatal circuitry in response inhibition and attention deficit-hyperactivity
disorder. Journal of the American Academy of Child and Adolescent Psychiatry, 36, 374-
383.

Castellanos, F.X., Sonuga-Barke, E.J., Milham, M.P. & Tannock, R. (2006). Characterizing
cognition in ADHD: beyond executive dysfunction. Trends in Cognitive Sciences, 10, 117-
123.

Castellanos, F.X. & Tannock, R. (2002). Neuroscience of attention-deficit/hyperactivity disor-
der: The search for endophenotypes. Nature Reviews: Neurosciences, 3, 617-628.

Corbett, B. & Glidden, H. (2000). Processing affective stimuli in children with attention-deficit
hyperactivity disorder. Child Neuropsychology, 6(2), 144-155.

Corkum, P.V. & Siegel, L.S. (1993). Is the Continuous Performance Task a valuable research
tool for use with children with Attention-Deficit/Hyperactivity Disorder? Journal of Child
Psychology and Psychiatry Allied Disciplines, 34, 1217-1239.

Czaplewska, E. & Lipowska, M. (2008). Perception of facially and vocally expressed emotions
in children with ADHD. Acta Neuropsychologica, 6(4), 337-348.

De Sonneville, L.M.J., Verschoor, C.A., Njiokiktjien, C., Op het Veld, V., Toorenaar, N. & Vran-
ken, M. (2002). Facial identity and facial emotions: speed, accuracy, and processing strate-
gies in children and adults. Journal of Clinical and Experimental Neuropsychology, 24(2),
200-213.

De Sonneville, L.M.J. (1999). Amsterdam Neuropsychological Tasks: A computer-aided assess-
ment program. In: B.P.L.M. den Brinker, P.J. Beek, A.N. Brand, F.J. Maarse & L.J.M. Mulder
(Eds.), Cognitive ergonomics, clinical assessment and computer-assisted learning:
Computers in psychology (Vol. 6, pp. 87-203). Lisse: Swets & Zeitlinger.

De Sonneville, L.M.J., Njiokiktjien, Ch. & Bos, H. (1994). Methylphenidate and information pro-
cessing. Part 1: Differentiation between responders and nonresponders; Part 2: Eficacy in
responders. Journal of Clinical and Experimental Neuropsychology, 16, 877-897.

Downey, K., Stelson, F., Pomerleau, O. & Giordani, B. (1997). Adult attention deficit hyperac-
tivity disorder: Psychological test profiles in a clinical population. Journal of Nervous and
Mental Disease, 185, 32-38.

Ekman, P. & Friesen, W.V. (1976). Pictures of facial affect. Palo Alto, CA: Consulting Psycho-
logists Press

Epstein, J.N., Johnson, D.E., Varia, .M. & Conners, C.K. (2001). Neuropsychological assess-
ment of response inhibition in adults with ADHD. Journal of Clinical and Experimental
Neuropsychology, 23(3), 362-371.

Everhard, D.E., Shucard, D.W. & Shucard, J.L. (2001). ERP differences in facial affect per-
ception. Journal of the International Neuropsychological Society, 7, 243.

119



Markovska-Simoska & Pop-Jordanova, Face and emotion recognition

Farah, M.J. (1996). Is face recognition “special”? Evidence from neuropsychology. Behavioural
Brain Research, 76, 181-189.

Faraone, S.V., Biederman, J., Spencer, T., Wilens, T., Seidman, L.J., Mick, E. et al. (2000). Atten-
tion-deficit/hyperactivity disorder in adults: An overview. Biological Psychiatry, 48, 9-20.

Fonseca, D., Seguier, V., Santos, A., Poinso, F. & Deruelle, C. (2009). Emotion understanding
in children with ADHD. Child Psychiatry & Human Development, 40, 111-121.

Grimshaw, G.M., Bulman-Fleming, M.B. & Ngo, C. (2004). A signal-detection analysis of sex
differences in the perception of emotional faces. Brain and Cognition, 54, 248-250.

Hansen, C., Weiss, D. & Last, C.G. (1999). ADHD boys in young adulthood: Psychosocial
adjustment. Journal of the American Academy of Child and Adolescent Psychiatry, 38, 165-
171.

Hockey, G.R. (1997). Compensatory control in the regulation of human performance under
stress and high workload: A cognitive energetical framework. Biological Psychology, 45,
73-93.

Holdnack, J.A., Moberg, P.J., Arnold, S.E., Gur, R.C. & Gur, R.E. (1995). Speed of processing
and verbal learning deficits in adults diagnosed with attention deficit disorder. Neuro-
psychiatry, Neuropsychology & Behavioral Neurology, 8, 282-292.

Kalff, A.C., De Sonneuville, L., Hurks, P., Hendriksen, J., Kroes, M., Feron, F., Steyaert, J., van
Zeben, T., Vles, J. & Jolles J. (2005). Speed, speed variability, and accuracy of information
processing in 5 to 6-year-old children at risk of ADHD. Journal of the International
Neuropsychological Society, 11, 173-183.

Katz-Gold, 1., Besser, A. & Priel, B. (2007). The role of simple emotion recognition skills among
school aged boys at risk of ADHD. Journal of Abnormal Child Psychology, 35, 363-378.
Kessler, R.C., Adler, L., Barkley, R., Biederman, J., Conners, C.K., Demler, O. et al. (2006).
The prevalence and correlates of adult ADHD in the United States: Results from the nation-

al comorbidity survey replication. American Journal of Psychiatry, 163, 716-723.

Kuntsi, J., Oosterlaan, J. & Stevenson, J. (2001). Psychological mechanism in hyperactivity:
I Response inhibition deficit, working memory impairment, delay aversion, or something
else? Journal of Child Psychology and Psychiatry, 42, 199-210.

Lane, R.D., Reiman, E.M., Bradley, M.M., Lang, P.J., Ahern, G.L., Davidson, R.J. & Schwartz,
G.E. (1997). Neuroanatomical correlates of pleasant and unpleasant emotion. Neuropsy-
chologia 35(11), 1437-44.

Leppénen, J.M. & Hietanen, J. K. (2004). Emotionally positive facial expressions are process-
ed faster than negative facial expressions, but why? Psychological Research, 69, 22-29.

Lovejoy, D., Ball, J.D., Keats, M., Stutts, M., Spain, E., Janda, L. & Janusz, J. (1999). Neuro-
psychological performance of adults with attention-deficit hyperactivity disorder (ADHD):
Diagnostic classification estimates for measures of frontal lobe/executive functioning.
Journal of the International Neuropsychological Society, 5, 222-233.

Mannuzza, S., Klein, R.G., Bonagura, N., Malloy, P., Giampino, T.L. & Addalli, K. (1991). Hy-
peractive boys almost grown up: Replication of psychiatric status. Archives of General
Psychiatry, 48, 77-83.

Mannuzza, S., Klein, R.G., Bessler, A., Malloy, P. & LaPadula, M. (1993). Adult outcome of hy-
peractive boys. Educational achievement, occupational rank, and psychiatric status.
Archives of General Psychiatry, 50, 565-576.

Markham, R. & Adams, K. (1992). The effect of type of task on children’s identification of facial
expressions. Journal of Nonverbal Behavior, 16, 21-39.

Markham, R. & Wang, L. (1996). Recognition of emotion by Chinese and Australian children.
Journal of Cross-Cultural Psychology, 27, 616-643.

Markovska-Simoska, S. & Pop-Jordanova, N. (2009). Comparison of visual and emotional
continous performance test related to sequence of presentation, gender and age. Prilozi,
MASA, 30(1), 167-178.

Meier, N., Miller, A. & Kropotov J.D. (2007). Emotional continous performance test: private
communication.

120



Markovska-Simoska & Pop-Jordanova, Face and emotion recognition

Michalson, L. & Lewis, M. (1985). What do children know about emotions and when do they
know it? In: M.M. Lewis & C. Saarni (Eds.), The socialization of emotions (pp. 117-139).
New York: Plenum Press.

Oosterlaan, J. & Sergeant, J.A. (1996). Inhibition in ADHD, aggressive and anxious children:
A biologically based model of child psychopathology. Journal of Abnormal Child Psycho-
logy, 24, 19-36.

Paule, M.G., Rowland, A.S., Ferguson, S.A., Chelonis, J.J., Tannock, R., Swanson, J.M. & Ca-
stellanos, F.X. (2000). Attention deficit/hyperactivity disorder: Characteristics, interven-
tions, and models. Neurotoxicology and Teratology, 22, 631-651.

Pelc, K., Kornreich, C., Foisy, M.L. & Dan, B. (2006). Recognition of emotional facial expres-
sions in attention deficit hyperactivity disorder. Pediatric Neurology, 35(2), 93-97.

Phan, K.L., Wager, T., Taylor, S.F. & Liberzon, 1. (2001). Functional neuroanatomy of emotion:
A meta-analysis of emotion activation studies in PET and fMRI. Neurolmage, 16, 331-48.

Philippot, P. & Feldman, R.S. (1990). Age and social competence in preschoolers’ decoding of
facial expression. British Journal of Social Psychology, 29, 43-54.

Rapport, L.J., Friedman, S.L., Tzelepis, A. & Von Voorhis, A. (2002). Experienced emotion and
affect recognition in adult attention-deficit hyperactivity disorder. Neuropsychology, 16(1),
102-110.

Schweiger, A., Abramovitch, A., Doniger, G.M. and Simon, E.S. (2007). A clinical construct
validity study of a novel computerized battery for the diagnosis of ADHD in young adults,
Journal of Clinical and Experimental Neuropsychology, 29(1), 100-111.

Schulz, K.P., Fan, J., Magidina, O., Marks, D.J., Hahn, B. & Halperin, J.M. (2007). Does the
emotional go/no-go task really measure behavioural inhibition? Convergence with meas-
ures on a non-emotional analog. Archives of Clinical Neuropsychology, 22, 151-160.

Serfontein, G. (1994). ADD in adults: help for adults who suffer from Attention Deficit Disorder.
Sydney: Simon & Schuster.

Seidman, L., Biederman, J., Weber, W., Hatch, M. & Faraone, S. V. (1998). Neuropsycho-
logical function in adults with attention deficit hyperactivity disorder. Biological Psychiatry,
44, 260-268.

Sergeant, J.A., Oosterlaan, J. & van der Meere, J. (1999). Information processing and ener-
getic factors in attention deficit-hyperactivity disorder. In C. Quay & A. Hogan (Eds.), Hand-
book of disruptive behavior disorders (pp. 75-104). Plenum: New York.

Singh, S.D. (1998). Recognition of facial expressions of emotion by children with attention-
deficit hyperactivity disorder. Behavior Modification, 22(2), 128-142.

Silverstein, S., Como, P., Palumbo, D., West, L. & Osborn, L. (1995). Multiple sources of atten-
tional dysfunction in adults with Tourette’s syndrome: Comparison with attention deficit—
hyperactivity disorder. Neuropsychology, 9, 157-164.

Spencer, T., Biederman, J., Wilens, T. & Faraone, S.V. (1994). Is attention-deficit hyperactivity
disorder in adults a valid disorder? Harvard Review of Psychiatry, 1, 326-335.

Stuss, D., Murphy, K.J., Binns, M.A. & Alexander, M.P. (2003). Staying on the job: The frontal
lobes control individual performance variability. Brain, 126, 2363-2380.

Taylor, C.J. & Miller, D.C. (1997). Neuropsychological assessment of attention in ADHD adults.
Journal of Attention Disorders, 2(2), 77-88.

Tremblay, C., Kirouac, G. & Dorea, F.Y. (1987). The recognition of adults’ and children’s facial
expressions of emotions. Journal of Psychology, 121, 341-350.

Valentine, T. (1988). Upside-down faces: A review of the effects of inversion upon face recog-
nition. British Journal of Psychology, 79, 471-491.

Walden, T.A. & Field, T.M. (1982). Discrimination of facial expressions by preschool children.
Child Development, 53, 1312-1319.

Weiss, G., Hechtman, L., Milroy, T. & Perlman, T. (1985). Psychiatric status of hyperactives as
adults: A controlled prospective 15-year follow-up of 63 hyperactive children. Journal of the
American Academy of Child Psychiatry, 24, 211-220.

121



Markovska-Simoska & Pop-Jordanova, Face and emotion recognition

Weiss, G. & Hechtman, L. (1993). Hyperactive children grown up: ADHD in children, adoles-
cents, and adults (2nd ed.). New York: Guilford.

Wender, P. (1997). Adult attention-deficit hyperactivity disorder. Journal of Attentional Disor-
ders, 1(4), 245-247.

Weyandt, L.L., Rice, J.A., Linterman, |., Mitzlaff, L. & Emert, E. (1998). Neuropsychological
performance of a sample of adults with ADHD, developmental reading disorder, and con-
trols. Developmental Neuropsychology, 14, 643-656.

Wiersema, R., van der Meere, J., Antrop, I. & Roeyers, H. (2006). State regulation in adult
ADHD: An event-related potential study. Journal of Clinical and Experimental Neuropsy-
chology, 28(7), 1113-1126.

Wilens, T.E., Faraone, S.V. & Biederman, J. (2004). Attention-deficit/hyperactivity disorder in
adults. Journal of the American Medical Association, 292, 619-623.

Williams, B.R., Hultsch, D.F., Strauss, E.H., Hunter, M.A. & Tannock, R. (2005). Inconsistency
in reaction time across the lifespan. Neuropsychology, 19, 88-96.

Williams, B.R., Strauss, E.H., Hultsch, D.F., Hunter, M.A. & Tannock, R. (2007). Reaction time
performance in adolescents with attention deficit/hyperactivity disorder: Evidence of incon-
sistency in the fast and slow portions of the RT distribution. Journal of Clinical and Expe-
rimental Neuropsychology, 29(3), 277-289.

Yuill, N. & Lyon, J. (2007). Selective difficulty in recognising facial expressions of emotion in
boys with ADHD: general performance impairments or specific problems in social cogni-
tion? European Child & Adolescent Psychiatry, 16(6), 398-404.

Address for correspondence:

Silvana Markovska-Simoska, MD, MSc.

Neuroinformatics Unit, Research Center for Energy,

Informatics and Materials (ICEIM), Macedonian Academy of Sciences
and Arts, Krste Misirkov br.2, P.O.Box 428,

1000 Skopje, Macedonia.

tel:++389 2 3235 425; ++389 70 837375; fax:++389 2 3235 423.
e-mail: silvana@manu.edu.mk

122




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


