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ABSTRACT
BACKGROUND: Adults with attention-deﬁcit/hyperactivity disorder (ADHD) exhibit slowed reaction times (RTs) in
various attention tasks. The exact origins of this slowing, however, have not been established. Potential candidates
are early sensory processes mediating the deployment of focal attention, stimulus response translation processes
deciding upon the appropriate motor response, and motor processes generating the response.
METHODS: We combined mental chronometry (RT) measures of adult ADHD (n 5 15) and healthy control (n 5 15)
participants with their lateralized event-related potentials during the performance of a visual search task to
differentiate potential sources of slowing at separable levels of processing: the posterior contralateral negativity
(PCN) was used to index focal-attentional selection times, while the lateralized readiness potentials synchronized to
stimulus and response events were used to index the times taken for response selection and production,
respectively. To assess the clinical relevance of event-related potentials, a correlation analysis between neural
measures and subjective current and retrospective ADHD symptom ratings was performed.
RESULTS: ADHD patients exhibited slower RTs than control participants, which were accompanied by prolonged PCN
and lateralized readiness potentials synchronized to stimulus, but not lateralized readiness potentials synchronized to
response events, latencies. Moreover, the PCN timing was positively correlated with ADHD symptom ratings.
CONCLUSIONS: The behavioral RT slowing of adult ADHD patients was based on a summation of internal
processing delays arising at perceptual and response selection stages; motor response production, by contrast, was
not impaired. The correlation between PCN times and ADHD symptom ratings suggests that this brain signal may
serve as a potential candidate for a neurocognitive endophenotype of ADHD.
Keywords: ADHD, Decision-making, Electroencephalography, Neuro-cognitive endophenotypes, Psychophysics,
Stimulus-response translation
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Attention-deﬁcit/hyperactivity disorder (ADHD) frequently persists
into adulthood (1–3). Due to developmental changes in symptom
expression, however, the diagnosis of adult ADHD remains
challenging (1–10). Latent neurocognitive traits might, thus,
constitute endophenotypes of ADHD that 1) differentiate
between affected and unaffected individuals, 2) are more closely
related to the neurobiological changes associated with adult
ADHD than the overt symptoms, and 3) might provide speciﬁc
information about target functions for interventions (11). In this
regard, various attention tasks have been used to study ADHD,
with the general ﬁnding being that children and adults with ADHD
exhibit slowed response times (RTs)1 (except for the most basic
These ﬁndings indicate that behavioral slowing is a reliable ﬁnding
across the life span. In the clinical symptomatology, this is
reﬂected by inattention symptoms (i.e., sluggish orienting and
responding to social and cognitive stimuli and difﬁculties to direct
and maintain selective attention to motivationally relevant tasks)
being more enduring than hyperactivity symptoms (6,12).

1

response tasks) (5,13–20). However, the exact contributions of
the respectively engaged internal processes—which might be
the source(s) of the overt RT slowing—are not speciﬁed unequivocally (4,5,7,10,13–16). Candidate processing levels are early
sensory processes that guide the deployment of focal attention
(4,10,21), stimulus-response translation processes that decide
upon the correct motor response, and motor-response production processes (5,22–24).
Event-related potential (ERP) waves of the electroencephalogram (EEG) allow the assessment of the timing and magnitude of neural activity underlying several distinct processes
during task performance (25–27). Thus, a systematic decomposition of potential perceptual and response-related sources
underlying overt behavioral slowing is possible when combining
ERPs with behavioral measures. This opens the potential for
identifying latent internal traits of ADHD-related slowing that
bear candidacy for neurocognitive endophenotypes (26–29). Of
note, the few previous ERP studies of ADHD patients that
investigated early sensory components provide some evidence

SEE COMMENTARY ON PAGE

ISSN: 0006-3223

& 2015 Society of Biological Psychiatry
1
Biological Psychiatry ]]], 2015; ]:]]]–]]] www.sobp.org/journal

Biological
Psychiatry

Speed of Visual Attention in Adult ADHD

for alterations of sensory processes that mediate attentional
(21) as well as subsequent response selection (22–24). However, none of these studies or those in children with ADHD (26)
used a design capable of disentangling the respective potential
contributions of the three distinct, consecutive substages of
information processing to overt task performance.
Here, we assessed lateralized brain electrical activity in
combination with RTs during a compound search task (30) in
which the pop-out target to be detected (31,32) contained an
additional feature that had ﬁrst to be identiﬁed (e.g., vertical
versus horizontal orientation) before a decision about the
appropriate motor response could be reached (e.g., left versus
right index ﬁnger) (32,33). This way, the feature that deﬁned
the target from its surroundings (e.g., color) was dissociated
from the feature that determined the response (e.g., orientation), permitting target selection, response selection, and
response production processes to be examined independently
in terms of their respective ERP signatures both within the
same participant and in the same task (Figure 1).
In particular, our analyses focused on the posterior contralateral negativity (PCN, also called N2pc) (34,35)—a negativity
elicited over parieto-occipital areas contralateral to the location
of an attended stimulus—as a marker of focal-attentional
selection (36). Second, the lateralized readiness potential
(LRP)—a negative-going deﬂection over the motor areas contralateral to the side of a unimanual response—was examined
to index the activation and execution of effector-speciﬁc motor
responses (37,38). When synchronized relative to stimulus
onset (stimulus-locked LRP [sLRP]), its onset latency marks
the speed of motor-response decisions, that is, the time it takes
to select one out of several possible response alternatives (39).
When synchronized relative to response onset (responselocked LRP [rLRP]), its onset reﬂects the time between
response selection and response execution [e.g., (40,41)].
All behavioral and neural measures were compared between
adult patients with ADHD, diagnosed in a comprehensive

procedure, and matched healthy control participants. We
expected to replicate behavioral slowing of RTs in adults with
ADHD (10,13–20). Since both perceptual (4,10,21) and
response-related (5,22–24) processes have been suggested
as candidate sources of overt RT slowing, we further expected
to observe delays in at least one of the analyzed ERPs.
Moreover, to assess the clinical relevance of affected ERPs,
we further correlated ERP measures with symptom ratings of
disease severity. First, we used the Conners Adult ADHD Rating
Scales (CAARS) (42) as an index of the severity of subjective
current ADHD symptoms. Second, we used the Wender Utah
Rating Scale (WURS) (43) sum score as an index of the
subjective retrospective severity of childhood symptoms.

METHODS AND MATERIALS
Participants
Fifteen adult ADHD patients (6 male patients; mean age
32.93 6 10.36 years)2 diagnosed at the Department of
Psychiatry (Ludwig-Maximilians-University Munich) participated in the study. In the diagnostic procedure, two psychiatric interviews (according to DSM-IV) were conducted either
by psychiatrists of the ADHD outpatient clinic or by psychiatrists in clinical practice and by experienced neuropsychologists. Patients were only included in the study when both
psychiatrists and neuropsychologists rated them as ADHD
patients. A psychologist trained in ADHD assessment collected collateral information from different sources. Elementary
school reports or prior diagnoses during childhood and
adolescence had to conﬁrm childhood onset according to
the obligatory DSM-IV symptoms for childhood ADHD.
Patients were only included if descriptions of the respective
symptoms were reported at an age ,7 years and persisted for
a long-term period in the subsequent developmental reports.
In Germany, elementary school reports contain comprehensive descriptions of learning performance, social behavior, and
daily structure, differentiated according to cognition, emotion,
and motor behavior. Furthermore, prior psychiatric diagnoses
or third-party informants (siblings, parents, and/or spouses)
had to conﬁrm that these symptoms were also displayed at
home and that there had been no alternative suspected
diagnosis.

Neuropsychological Testing
Current ADHD symptoms were assessed using the long
version of the CAARS and retrospective childhood symptoms
were assessed using the WURS. Average current ADHD
symptom ratings in patients (Table 1) indicated signiﬁcant
subjective impairment in all subscales (mean t scores . 60),
except for hyperactivity/restlessness (mean t score 5 57),
2

Figure 1. Example of stimulus displays used in the present study. Each
display contained a pop-out target, deﬁned in the feature dimension shape
(square) or color (red circle), among distracters (yellow circles). The task was
to indicate the target’s (grating) orientation (horizontal vs. vertical) via
pressing the respectively assigned mouse button (left vs. right).
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The relatively high rate of female participants in our study is
consistent with a generally more balanced gender distribution
of prevalence rates in adulthood compared with childhood
ADHD studies (44). It has been argued that while in childhood,
referrals from teachers and parents are biased toward male
subjects; self-referrals in adulthood are more common and lead
to diminishing differences in prevalence rates between male
and female subjects (45).
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Table 1. Group Demographics

Sex (F/M)

ADHD (n 5 15)

Control Subjects
(n 5 15)

9/6

10/5

Age

32.93 (10.36) 17–48 30.13 (10.16) 19–48

School Years

11.86 (1.64) 9–14

Occupational Status
IQ (MWT-B)

2.26 (.88) 2–3

t
2.747

12.6 (.98) 10–14

1.48

2.73 (.45) 1–3

1.82

99.00 (7.61) 85–110 94.64 (12.16) 80–125

1.17

CAARS Subscales
A

72.33 (6.68) 59–80

47.87 (4.12) 41–56

212.07a

B

57 (8.28) 40–72

43.93 (5.06) 33–53

25.22a

C

64.73 (11.35) 44–86 46.40 (7.27) 31–61

25.27a

D

56.87 (11.87) 38-79 42.60 (5.77) 34–52

24.19a

E

76.53 (10.34) 58-90 47.93 (5.42) 38–56

29.49

F

63.53 (10.82) 44-84 41.47 (7.47) 32–54

26.5a

G

73.87 (10.2) 59–90

29.5a

44.2 (6.61) 33–54

a

46.87 (6.1) 36–58

29.89a

WURS

46.53 (12.54) 25–71

11.2 (6.33) 2–20

29.74a

BDI-II

9.53 (6.52) 1–22

2.13 (2.53) 0–7

24.1a

H

71.73 (7.5) 55–81

Note. Group demographics: Sex distribution and mean, SD,
and range of age, attended school years, occupational status (where
1 5 labor employment, 2 5 technical employment or training,
3 5 professional work or university studies), IQ, ADHD rating scales,
and depression for ADHD and control groups. t values are presented
to indicate signiﬁcant differences between the groups. Tests used:
German Multiple-Choice Vocabulary Test (41), corrected according to
Satzger et al. (46). Conners Adult ADHD Rating Scales (38) with
t scores of subscales: A: inattention/memory problems; B: hyperactivity/restlessness; C: impulsivity/emotional instability; D: problems with
self-concept; E: inattentive symptoms according to DSM-IV; F: hyperactive-impulsive symptoms according to DSM-IV; G: total ADHD
symptoms according to DSM-IV; H: ADHD Index. Wender Utah Rating
Scale (39). Revised Beck Depression Inventory (42).
ADHD, attention-deﬁcit/hyperactivity disorder; BDI-II, Beck
Depression Inventory-II; CAARS, Conners Adult ADHD Rating Scales;
F, female; M, male; MWT-B, German version of the Multiple Choice
Vocabulary Test; WURS, Wender Utah Rating Scale.
a
p , .01.

while retrospective symptoms were above cutoff for all
patients except for two who were already medicated with
methylphenidate during childhood. In accordance with previous reports on symptoms in adulthood (6), inattentiveness
ratings were especially pronounced (mean t scores . 72).
IQ was screened using the German version of the Multiple
Choice Vocabulary Test (47), ensuring that participants’ IQ was
above 85. The German version of the Beck Depression
Inventory-II (BDI-II) (48) was administered to rule out signiﬁcant
depressive symptoms in control subjects. Depression is highly
correlated with ADHD (49,50). Accordingly, ADHD patients with
mild (n = 4), borderline (n = 2), and moderate (n = 1) depression
levels (but not with severe levels) were included. Two patients
were being treated with selective serotonin reuptake inhibitors
and were not required to interrupt medication. Six patients were
taking methylphenidate but were off medication for at least 24
hours before the experiment. The control group consisted of 15
healthy, demographically matched participants (5 male participants; mean age 30.13 6 10.16 years) without psychiatric or
neurological history. The groups showed no signiﬁcant differences in IQ, age, gender, years of education, or occupational
status (Table 1). A signiﬁcantly higher level of depression

symptoms was found for the patient group (t30 5 4.16,
p . .001); for this reason, separate statistical analyses with
depression as covariate were conducted. As expected, ADHDrelated symptom ratings (CAARS t scores and WURS scores)
were signiﬁcantly higher for the ADHD group and all control
participants were below cutoff values. All participants gave
informed consent according to the Declaration of Helsinki II and
received payment for participating. The study was approved by
the ethics committee of the medical faculty of LudwigMaximilians-University Munich.

Stimuli, Task, and Study Design
We used a compound search paradigm similar to that
introduced by Töllner et al. (30). The search displays consisted
of sets of eight items presented in a circular array against a
black background, each with a distance of 3.01 of visual angle
from a white ﬁxation cross (Figure 1). Every trial contained a
target randomly deﬁned by a unique color (red circle, 1.21
radius) or a unique shape (square, 2.41 3 2.41) among seven
distractors (yellow circles, each with 1.21 radius). Both targets
and distractors contained a grating randomly oriented either
horizontally or vertically that determined the response. The
gratings consisted of four bars (.41 3 2.41) separated by three
gaps (.31 3 2.41). The singleton’s position on each trial was
assigned randomly to one of the six lateral locations. Participants were instructed to maintain central eye ﬁxation and to
respond as fast and accurately as possible to the target’s
orientation (vertical vs. horizontal) with their left/right thumb
(pressing a left/right mouse button), respectively. Stimuli were
presented on a 17-inch (43.18 cm) screen at a viewing
distance of about 65 cm. The experiment consisted of 12
blocks of 72 trials, yielding a total of 864 trials. After the ﬁrst
6 blocks, response button assignments were reversed. The
initial response button assignments were counterbalanced
across participants. Each trial started with a ﬁxation cross
for 500 milliseconds, followed by the search array for 200
milliseconds. The trial was terminated by the participant’s
response or timed out after 2 seconds. During the intertrial
interval, a white ﬁxation cross was shown variably for either
950, 1000, or 1050 milliseconds. Error responses or time-outs
triggered the message Error (German: Fehler). The experiment
was conducted in an electrically shielded, sound-attenuated
experimental booth. Participants were seated comfortably on
a padded chair, while holding the mouse on their lap with both
hands, with thumbs placed directly over the response buttons.
All participants performed a practice session 5 to 10 days
before the actual EEG session to equally familiarize them with
the task. During practice, participants performed two to four
blocks until they achieved a mean performance of above 90%
accuracy and RTs below 1 second. All participants achieved
these criteria.

EEG Recording and Data Analysis
EEG was recorded using 63 silver/silver chloride active electrodes (actiCAP, BrainProducts, Gilching, Germany), with electrodes mounted on an elastic cap (Easy Cap, FMS, Herrsching,
Germany) according to the international 10-10 system (51).
Vertical and horizontal electrooculogram was registered from an
electrode beneath the left eye and Fp1 and electrodes F9/10,
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respectively. Data were recorded with a DC BrainAmp ampliﬁer
(BrainProducts) using a .1 Hz to 250 Hz band-pass ﬁlter and a
digitization rate of 1 kHz. All data were referenced to FCz and
re-referenced ofﬂine to averaged mastoids. Electrode impedances were kept below 5 kΩ. Before the EEG analysis, all
recordings were visually inspected to eliminate nonstereotypical
noise and then high-pass ﬁltered using a .1 Hz (24 dB/Octave;
half-power cutoff) inﬁnite impulse response ﬁlter. Next, an
infomax independent component analysis was run to identify
and back-transform blinks and/or horizontal eye movements.
Before EEG segmentation, a 40-Hz (24 dB/Octave) low-pass
inﬁnite impulse response ﬁlter was applied to all data. EEG
recordings were segmented separately for each individual.
Artifact rejection was performed based on multiple parameters,
with a maximum allowed amplitude of 660 μV, maximum
allowed voltage steps of 50 μV between two sample points,
and minimum required signal change of .5 μV within 500
milliseconds, on an individual channel basis. To further control
for horizontal eye movements, we rejected all segments with
signals exceeding 625 μV at electrodes F9/10 before ERP
averaging. (See Supplement 1 material for evidence that,
following this procedure, the present ERL waves were not
contaminated by residual eye-related activity).
For the PCN analysis, the EEG data were epoched into 400millisecond periods following stimulus onset relative to a 200millisecond prestimulus period used for baseline correction. The
PCNs were computed by subtracting ipsilateral from contralateral activity at electrodes PO7/8 relative to the target side. PCN
peak latencies were determined as the maximum negative
deﬂection in the time window 130 to 350 milliseconds poststimulus. PCN amplitudes were obtained by averaging 65 data
points around this maximum deﬂection. PCN onset latencies
were determined using the Ulrich and Miller (52) jackknife-based
scoring method, deﬁning the onset at 50% of the maximum
amplitude. For the LRP analysis, the EEG data were ﬁrst
epoched into 1200-millisecond periods following stimulus onset
relative to an 800-millisecond prestimulus period, so that baseline correction could be performed (based on the 200-millisecond
prestimulus period). The LRP was computed by subtracting
ipsilateral from contralateral ERPs at electrodes C3/4 relative to
the response side. Stimulus-locked LRPs were then re-epoched
into 800-millisecond periods following stimulus onset relative to a
200-millisecond baseline. Response-locked LRPs were reepoched into periods of 800 milliseconds before to 200 milliseconds after response onset. Onset latencies of LRPs were
computed—as recommended by Ulrich and Miller (52)—using
50% and 90% of the maximum amplitude as optimal criteria to
determine the stimulus- and response-locked LRP onsets,
respectively. Response-locked LRP amplitudes were calculated
by averaging 65 data points around the maximum LRP deﬂection. The interval between PCN and sLRP was calculated by
subtracting the PCN onset latency from the sLRP onset latency.
Separate analyses of variance were carried out on all
behavioral (error rates, RTs) and neural measures (PCN
amplitude, PCN peak latency, PCN onset latency, PCN to
sLRP interval, LRP onset latency, rLRP amplitude, rLRP onset
latency) for the between-subject factor group (ADHD, control).
Trials with incorrect responses or RTs longer than 1 second
were not entered into the analyses. In addition, due to
signiﬁcant between-group differences in BDI-II scores, we
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Figure 2. Mean posterior contralateral negativity (PCN), stimulus-locked
lateralized readiness potential (sLRP), and response (response time) latencies separately for control subjects (black line) and attention-deﬁcit/
hyperactivity disorder patients (gray line).

submitted the variables that were not derived through the
jackknife procedure (RT and PCN peak latency) to separate
analyses of covariance with the BDI-II scores as covariates, as
suggested by Thomas et al. (53). To provide information about
the clinical relevance of the EEG timing in the adult ADHD
patient group, we examined the relationship between ERP
peak/onset latencies (54) and subjective symptom ratings of
both current (CAARS ADHD index) and retrospective (WURS
sum score) impairments.

RESULTS
Behavioral Data
The analysis of variance for error rates revealed no signiﬁcant
differences between patients (8.27%) and control subjects
(6.52%) (F1,28 5 1.15; p . .293, d 5 .39). By contrast, RTs
were signiﬁcantly (F1,28 5 15.36; p , .001, d 5 1.43) slower in
ADHD patients (689 msec; SD 5 71) than in control participants (590 msec; SD 5 67) (Figure 2). This result also
remained signiﬁcant after including depression (BDI-II score)
as a covariate (F1,27 5 8.64; p , .007).

PCN Data
The rise (217 vs. 195 msec) and the maximum (262 vs. 240
msec) of the PCN waves were markedly delayed for ADHD
patients as compared with control participants (Figure 3).
These observations were substantiated by signiﬁcant group
effects for PCN onset (Fc1,28 5 10.38; pc , .003, d 5 1.18) and
peak latencies (F1,28 5 15.63; p , .001, d 5 1.44). As with the
RT data, the difference in peak latencies remained signiﬁcant
after controlling for BDI-II scores (F1,27 5 4.93; p 5 .035). In
addition, PCN peak latencies correlated signiﬁcantly (Figure 4)
with ADHD symptom scores of current and retrospective
impairments (CAARS ADHD index: r 5 .49, p 5 .032; WURS
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Figure 3. Target-synchronized grand
average event-related potential (ERP)
waves elicited at electrode sites PO7/8
for the control group (black lines) and
the attention-deﬁcit/hyperactivity disorder (ADHD) group (gray lines). Left: ERP
waves contralateral (contra-) and ipsilateral to the target position for the control
group. Center: ERP waves contra- and
ipsilateral to the target position for the
ADHD group. Right: posterior contralateral negativity (PCN) difference waves,
obtained by subtracting ipsilateral from
contralateral activity, for the control and
ADHD groups. The topographic scalp
distribution map shows the point in time
at which the difference between grand average contralateral and ipsilateral waves was maximal.

sum score: r 5 .46; p 5 .041; both one-sided).3 No signiﬁcant
difference was obtained for PCN onsets amplitudes (F1,28 5
.27; p . .61, d 5 .19).

LRP Data
The groups further differed in the sLRP onset latencies (Fc1,28 5
18.34; pc , .002, d 5 1.56), with the latencies being prolonged in
ADHD patients (438 msec, SD 5 3.43) as compared with control
participants (367 msec, SD 5 3.02). However, there was no
correlation with ADHD symptom scores of current and retrospective impairments (CAARS ADHD index: r 5 .15, p 5 .301;
WURS sum score: r 5 .16; p 5 .266). Importantly, the PCN to
sLRP interval of ADHD patients (221 msec, SD 5 3.22)
signiﬁcantly exceeded that observed for control participants
(172 msec, SD 5 2.30) (Fc1,28 5 11.72; pc , .002, d 5 1.25),
showing that the delay in the sLRP latency exceeds, and is thus
not completely attributable to, the delay in the preceding PCN.
No signiﬁcant differences were observed for the rLRP onset
latencies (Fc1,28 5 .80; pc 5 . 38, d 5 2.32) and amplitude
(F1,28 5 .02; p . .878, d 5 .06), indicative of motor-related
processing being comparable between the two groups (Figure 5).

DISCUSSION
The primary aim of the present study was to disentangle
potential contributions of focal-attentional selection, stimulusresponse translation, and motor-response production processes to RT slowing in adult ADHD. For this purpose,
performances of an adult ADHD group and a healthy control
group were compared in a compound search task, with
simultaneous recording of lateralized ERPs. Behaviorally, our
analyses replicate previous reports of prolonged RTs in adults,
as well as children, with ADHD (55,56), further underlining the
reliability of ADHD-dependent RT slowing in visual attention
tasks. Mirroring this RT pattern, we found delayed PCN waves
3

We further calculated correlations between onset latencies and
symptom measures, as suggested by Stahl and Gibbons (54).
These analyses revealed that PCN onsets were correlated
signiﬁcantly with ADHD symptom scores of current impairments (CAARS ADHD index: r 5 .55, p 5 .017); the correlation
with retrospective impairments failed to reach statistical signiﬁcance (WURS sum score: r 5 .38; p 5 .082). No signiﬁcant
correlations were found for LRP onsets (all p values . .22).

for ADHD patients, indicating slowed attentional selection. The
individual PCN delay correlated with impairment severity as
revealed by subjective current and retrospective symptom
ratings. In addition, the sLRP timing was prolonged overall and
the interval between the PCN and the sLRP was considerably
increased for ADHD patients. The latter ﬁnding provides
evidence of an additional slowing at intermediate, stimulusresponse translation processes. Groups did not differ in rLRP
timing, which demonstrates that motor processing remains
similar for both groups. Together, our results reveal a summation of deﬁcits at two consecutive processing levels, focalattentional selection and motor-response selection, which
conjointly contribute to RT slowing in adult ADHD.
Because our study included only adults, we cannot tell
whether this ERP pattern developed over the course of the
disease or whether it would likewise be observable in children.
To answer this question unequivocally, it would be necessary
to assess children with ADHD. The RT cost might reﬂect either
genuine (age-independent) slowing in ADHD or a compensatory strategy of adults who have learned to deal with their
tendency to perform inaccurately by slowing—that is, it may
reﬂect a speed-accuracy trade-off. At variance with the latter
assumption, however, is that RT slowing in ADHD is found
reliably in children as well as in adults (6,12), favoring the
possibility that the current pattern might be equally present in
children. Moreover, correlations of PCN timing with current
ADHD symptomatology indicate that those participants who
were less efﬁciently compensating for the difﬁculties brought
about by the disease showed more delayed PCNs. Thus, we
tentatively suggest that the PCN timing may reﬂect a neural
correlate of genuine slowing in ADHD.

ADHD and the Speed of Visual Attention
The delayed PCN timing indicates that, already early, sensory
attention-guiding processes are impaired in adult ADHD
patients—even in a pop-out search task in which visual
selection is largely bottom-up driven (57–59). Such a fundamental slowing of basic processes of attentional selection
(required in most tasks using visual material) would be a major
contributing factor to the deﬁcits exhibited by ADHD patients in
more complex visual tasks (60). While the PCN has not yet been
used to assess visual attentional deﬁcits in ADHD, previous ERP
studies already pointed to an impairment of early and
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Figure 4. Correlations between the posterior contralateral negativity (PCN) timing and the scores in psychometric testing (for the attention-deﬁcit/
hyperactivity disorder [ADHD] group). Left: correlation with the ADHD Index (H) t score of the Conners Adult ADHD Rating Scales (CAARS). Right: correlation
with the Wender Utah Rating Scale (WURS) Sum Score.

intermediate visual attentional processes in ADHD children,
evidenced by N1 and N2 delays in a two-alternative forcedchoice RT task (61). On the other hand, Prox et al. (21), using a
go/no-go paradigm, reported enhanced activations but no
changes in the timing of the N1 and N2 components in adult
ADHD, without signiﬁcant delays in RT performance. Based on
their results, Prox et al. (21) surmised that adult ADHD patients
have learned to gather greater neural resources for the perceptual analysis and identiﬁcation of a single stimulus to achieve
normal performance. In light of the current ﬁndings, we argue
that such an adaptation is not feasible when, contrary to typical
go/no-go tasks that use one stimulus only, a target has to be
selected among multiple distractors.
Several ﬁndings suggest that PCN delay may have candidacy
for a neurocognitive endophenotype of adult ADHD (10,21,28).
The ﬁrst is its relationship to clinical indicators of the disease: the
PCN timing was correlated to subjective symptom severity.
Second, and in particular, the relationship of PCN timing with
retrospective as well as current childhood symptoms was reliable
and comparable in strength. Accordingly, despite the well-known
overt symptom expression changes across the life span, the

timing of the PCN would appear to reﬂect disease severity in
quite a stable manner. Third, the PCN delay seems to be related
to ADHD in a relatively speciﬁc manner. In schizophrenia
patients, for instance, Luck et al. (62) reported the PCN timing
to be unaffected. Verleger et al. (63) showed that under
challenging conditions with rapid visual information requirements, PCN amplitudes were reduced in schizophrenia and
bipolar patients but they did not report latency differences for
either of these patient groups. Note that the adult ADHD patients
in the current study exhibited PCN amplitudes similar to the
control group. Furthermore, PCN latency differences remained
signiﬁcant even after controlling for the inﬂuence of depression
symptoms. Although further studies on other psychiatric and
neurological disorders are clearly needed, it can be tentatively
inferred that a delayed PCN not only indicates a rather unspeciﬁc
liability for the development of any psychiatric symptoms but
also bears a certain degree of disease speciﬁcity.

ADHD and the Speed of Motor-Response Decisions
In addition to delayed attentional selection, the interval
between the PCN and the sLRP was increased in adults with
Figure 5. Grand-averaged lateralized readiness potential (LRP) (contralateral 2 ipsilateral difference) waves
elicited at electrode sites C3/4 for the
control group (black lines) and the
attention-deﬁcit/hyperactivity disorder
(ADHD) group (gray lines). Left: for the
stimulus-locked LRP elicited in the 800millisecond interval after stimulus onset.
Right: for the response-locked LRP
elicited in the 800 milliseconds before
response onset. Middle: scalp topographic map depicting the contralateral
2 ipsilateral difference waves of
the LRP.
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ADHD compared with control participants. Thus, the delay
observed for the sLRP does not simply reﬂect a carryover of
delays in attentional selection; rather, response selection
appears to be additionally affected in patients, indicating
slowed visuomotor integration processes. In particular, adult
ADHD patients required signiﬁcantly more time to decide upon
the correct motor response based on the target’s featural
identity. By contrast, following response selection, the actual
realization of the motor response was not affected, as
evidenced by the rLRP. Of note, the current study is, to our
knowledge, the ﬁrst to assess motor processes in ADHD
adults directly through the LRP and furthermore to dissociate
response selection from response production components. In
a study of ADHD children, Perchet et al. (25) took the absence
of timing differences between the N2 and P3 (which have been
associated with stimulus evaluation) in the presence of RT and
accuracy changes as indirect evidence of alterations in
response selection processes. However, these authors neither
measured response-related ERPs nor differentiated between
processes of preparation and execution. The present results,
by contrast, clearly demonstrate that in adult ADHD, a slowing
of response selection, rather than of the subsequent motor
production, contributes to the overt RT slowing. Note, however, that owing to life span changes in symptomatology and
in motor-related hyperactivity in particular, results relating the
motor production stages derived by our methodology might
conceivably differ in children [e.g., (6,24)]. The revealed impairment in response selection is in line with previous studies that
reported an especially marked RT slowing in adult ADHD
patients with increasingly difﬁcult stimulus-response mappings (5,13–15).

Implications of Impaired Perceptual and Response
Selection Decisions in ADHD
The observed impairments at the stages of focal attentional
and response selection in adult ADHD are likely to summate in
tasks that place demands on both processing stages. As
suggested in a meta-analysis by Schoechlin and Engel (13),
this is the case in complex attention tasks that include
distractor elements, conditional responses, or both, in which
adult ADHD patients exhibit a greater impairment compared
with basic psychomotor tasks. Given that daily life tasks
involve both processes, delays in attentional and response
selection would jointly contribute to overt adult ADHD symptomatology. This conclusion is, at least in part, supported by
the correlation obtained between PCN timing and subjective
impairment severity.

Conclusion
The present ﬁndings disclose that adult ADHD patients have
processing delays in at least two distinct substages of
information processing, namely, attentional selection (indexed
by the PCN) and response selection (indexed by the sLRP),
which summate to produce an overall RT slowing. By contrast,
they display no slowing in motor-response production (as
indexed by the rLRP). Our direct demonstration of these
delays adds to the mounting evidence that adult ADHD
patients are more impaired in tasks placing greater demands
on attentional and/or response selection, as compared with

simple RT tasks. The correlation of the PCN with ADHD
symptom ratings further indicates that the PCN delay may
bear candidacy as a neurocognitive endophenotype of adult
ADHD. Arguably, the use of a compound search task along
with neurochronometric measurements represents a methodological advantage that is sensitive to the interaction of
these two distinct processes in task performance, providing
further support for an understanding of ADHD as a multifactorial disorder (8).
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