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Deficits in Verbal Working Memory among College Students with Attention-
Deficit/Hyperactivity Disorder Traits: An Event-related Potential Study

Seulki Kim, Myung—Sun Kim
Department of Psychology, Sungshin Women’s University, Seoul, Korea

Objective: This study investigated verbal working memory in college students with traits of attention—deficit/nyperactivity disorder
(ADHD) using event—related potentials and the 2—back task,

Methods: Based on scores on the Adult ADHD Self~Report Scale and Conners’ Adult ADHD Rating Scale, participants were
assigned to the normal control (n=28) or ADHD—trait (n=29) group, The 2—back task, which was administered to evaluate working
memory, consists of a congruent condition, under which the current stimulus is the same as the one presented two trials earlier,
and an incongruent condition, under which the current stimulus is not the same as the one presented two trials earlier, The
numbers 1, 2, 3, and 4 were used as stimuli,

Results: On the 2—back task, the ADHD—trait group committed significantly more errors in response to congruent stimuli and
showed a smaller P300 amplitude than did the control group,

Conclusion: These results indicate that college students with ADHD traits have deficits in verbal working memory, possibly due
to difficulties in memory updating or attentional allocation,

KEY WORDS: Attention—deficit/hyperactivity disorder; Event—related potentials; 2—back task; P300; Verbal working memory.

INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is a
neurodevelopmental disorder characterized by inattention,
hyperactivity, and impulsivity; some ADHD symptoms
are known to persist into adulthood.'™ A variety of cogni-
tive deficits are observed in adult patients with ADHD™;
in particular, deficits in working memory have been con-
sistently reported.”” For example, adults patients with
ADHD exhibit significantly poorer performances on the
working memory tests, such as digit-span test,'” letter-
number-sequencing test,'” and working memory indexes
of the Wechsler Adult Intelligence Scale-III and the
Wechsler Memory Scale-III'” than did healthy controls.

Working memory, defined as the online maintenance
and manipulation of information for a few seconds, in-
volves a central executive, a phonological loop, and a vi-
suospatial sketchpad.”) The central executive is involved
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in information integration and attentional allocation, and
the phonological loop and visuospatial sketchpad are in-
volved in processing verbal and visuospatial information,
respectively. Working memory affects higher cognitive
functions, including inhibition and reasoning or problem-
solving.”’ls) In particular, working memory is related to in-
attention, which is one of the core ADHD symptoms.lé'ls)

The n-back task requires the participant to judge wheth-
er a currently presented stimulus is the same as the one
presented n trials earlier.'”*” The n-back task is known to
be useful for the measurement of working memory, as this
task evaluates not only the maintenance and retrieval of
information but also its monitoring and updating (i.e., the
manipulation of information).” > Previous studies have
reported that adult patients with ADHD showed sig-
nificantly longer response times and lower accuracy rates
on the n-back task than did normal controls,24’25) indicat-
ing that adult patients with ADHD have deficits in work-
ing memory.

Neuroimaging studies investigating the cerebral mech-
anisms underlying verbal working memory have identi-
fied increased activation in the prefrontal and parietal cor-
tices during the n-back task.?**” Specifically, it has been
reported that the dorsal prefrontal cortex is involved in mani-
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pulating information, whereas the posterior parietal cortex is
involved in maintaining and updating information.***”
Adult patients with ADHD exhibited significantly re-
duced activation in the prefrontal and parietal cortices
than did normal controls while performing a verbal work-
ing memory task.”**>***? These results indicate that the
deficits in verbal working memory observed in adult pa-
tients with ADHD are related to dysfunctions in the pre-
frontal and parietal cortices.

Although neuroimaging studies have identified the
brain regions involved in verbal working memory, these
studies have provided only limited information about the
temporal course of activation of the brain regions involved
in the execution of verbal working memory. However,
event-related potentials (ERPs) have been widely used to
investigate cognitive functions, including working memory,
due to the high temporal resolution associated with this
technique.37)

Studies that have investigated verbal working memory
using the n-back task and ERPs have consistently exam-
ined two ERP components; N2 and P3. N2, a negative
peak observed over fronto-central sites at 180-300 ms af-
ter stimulus-onset, is known to reflect the retrieval of stor-
ed information or detection processing, in which a cur-
rent stimulus is judged to be congruent or incongruent
with the one presented # trials earlier.”” Daffner et al.””
observed that N2 amplitude was larger when the current
stimulus was incongruent than when it was congruent
with the one presented # trials earlier. Another ERP com-
ponent explored in the context of verbal working memory
is P3, which is a positive peak observed over cen-
tro-parietal sites at 300-500 ms after stimulus-onset. It is
known to reflect the categorization of stimuli,*” the updat-
ing of memory,“"m or attentional allocation.”*" For ex-
ample, McEvoy et al.*” observed larger P3 amplitudes and
shorter P3 latencies under a congruent than under an incon-
gruent condition, and they suggested that P3 reflects the
classification of congruent stimuli through the comparison
of a current stimulus with the one presented # trials earlier.
Additionally, as there is no predetermined congruent stim-
ulus in the n-back task, the stimulus presented in each trial
should be updated to determine whether the stimulus is
congruent with the one presented » trials before.***”

Although working memory deficits in ADHD patients
have been consistently reported, only a few studies have
used ERPs to investigate working memory in ADHD
patients.***” Karayanidis et al™ investigated working
memory in ADHD patients using verbal n-back task and
ERPs, and found that ADHD patients exhibited sig-

nificantly longer N2 latencies than did normal controls.
They suggested that this result reflects impaired retrieval
ability in ADHD patients. In addition, Keage ef al.”” found
significantly smaller P3 amplitudes in ADHD patients
compared with healthy controls, and suggested that these
patients encounter difficulties in updating information and
classifying congruent and incongruent stimuli. Recently,
Kim et al.”® studied working memory in college students
with ADHD using ERPs and a delayed-match-to-sample
task. They found reduced P3 amplitudes in ADHD patients,
and suggested that ADHD patients have deficits in atten-
tional allocation during encoding of working memory.

Given that several factors, including medication and the
existence of comorbid disorders such as anxiety and mood
disorders can affect performance on cognitive tasks, sev-
eral studies have investigated nonclinical individuals with
ADHD traits instead of ADHD patients.” Although only
few studies have investigated verbal working memory in
individuals with ADHD traits using the n-back task, these
studies have reported that those with ADHD traits per-
formed more poorly on this task than did normal controls.>”
Additionally, Cocchi et al ¥ observed abnormal con-
nectivity among the frontal, temporal, and occipital lobes
in individuals with ADHD traits, indicating possible neu-
rofunctional abnormalities underlying deficits in working
memory. To our knowledge, no ERP studies investigating
verbal working memory in non-clinical individuals with
ADHD traits have been conducted.

Therefore, we used ERPs and n-back task to investigate
verbal working memory of non-clinical college students
with ADHD traits. The primary objectives of this study
were to investigate whether college students with ADHD
traits showed deficits in verbal working memory and if so,
whether these deficits were reflected in their ERPs. Based
on previous findings, we expected that those with ADHD
traits would show deficits in working memory and deficits
in working memory would be reflected in prolonged N2
latencies and reduced P3 amplitudes.

METHODS

Participants

The present study included 57 right-handed college stu-
dents recruited from a pool of 503 students and screened
using the Adult ADHD Self-Report Scale (ASRS)™ and
the Conners’ Adult ADHD Rating Scale (CAARS).S(’)
Students with scores >4 on part A of the ASRS, > 24 total
points on the ASRS,”” and T scores > 65 on the ADHD
index of the CAARS’® were included in ADHD-trait
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group. Among 503 students 72 students obtained >4 on
part A and > 24 total points on the ASRS, 56 students ob-
tained T scores > 65 on the ADHD index of the CAARS,
and 43 students obtained >4 on part A of the ASRS, >24
total points on the ASRS and T scores > 65 on the ADHD
index of the CAARS. We excluded those with left-hand-
edness (6), comorbidity (8), and the remaining 29 students
(7 males and 22 females) were included in the ADHD-trait
group. None of participants was previously diagnosed as
ADHD. Those who with scores <3 on part A of the
ASRS, <16 total points on the ASRS, and T scores <37
on the ADHD index of the CAARS were included in the
normal control group (n=28; 9 males and 19 females).

The ASRS, a self-report questionnaire measuring adult
ADHD, consists of 18 questions rated on a scale from 0 to
4, with total scores ranging from 0 to 72. Six items (part A)
are particularly useful for evaluating ADHD symptoms,
and those with scores >4 on part A are highly likely to be
diagnosed with ADHD. Part A of the ASRS consists of 6
questions; 4 questions evaluating inattention and 2 ques-
tions evaluating hyperactivity/impulsivity.”” Additionally,
total scores > 24 on the ASRS are associated with a high
possibility of meeting criteria for ADHD.””

The CAARS is a 66-item self-administered question-
naire for evaluating adult ADHD. Each item is rated on a
scale from 0 to 3,” and total scores range from 0 to
198.The CAARS consists of four factor-derived subscales
(inattention/memory, hyperactivity/irritability, impulsivity/
emotional lability, and self-concept), two Diagnostic and
Statistical Manual of Mental Disorders, fourth edition
(DSM-1V) ADHD symptom subscales (inattentive symp-
toms and hyperactive-impulsive symptoms), and one
ADHD index consisting of items that distinguish between
ADHD patients and normal controls. Based on the norms
obtained from a pool of North American adults, Conners
et al”™® suggested that those with T scores > 65 on the
ADHD index of the CAARS are likely to be diagnosed
with ADHD. Based on the CAARS ADHD index scores
of 2,000 college students, we used cutoff T scores of 65
(highest 10%) and 37 (lowest 10%) to define the ADHD-
trait and control groups, respectively.

The Structured Clinical Interview for DSM-IV, non-pa-
tient version (SCID-NP)*® was administered to ensure
that participants did not have a history of psychiatric,
medical, or neurological disorders or alcohol/drug abuse.
Additionally, the Korean Wechsler Adult Intelligence
Scale™ was administered to measure participants’ in-
telligence quotient (IQ). All participants were right-hand-
ed, and none was taking medication at the time of testing.

The participants were paid for their participation, and all
provided written informed consent after receiving a com-
plete description of the study. This study was approved by
the Sungshin Women’s University Institutional Bioethics
Review Board (sswuirb-2013-003).

The 2-Back Task

The 2-back task was administered to measure verbal
working memory. The task consists of a congruent con-
dition, under which a current stimulus is the same as the
one presented two trials earlier, and an incongruent con-
dition, under which the current stimulus is not the same as
the one presented two trials earlier. The numbers 1, 2, 3,
and 4 were used as stimuli. A total of 360 trials (108 con-
gruent trials, 252 incongruent trials) were randomly ad-
ministered in two blocks. Participants were asked to re-
spond as rapidly and accurately as possible to congruent
stimuli and not to respond to incongruent stimuli.

Stimuli were presented for 500 ms at the center of the
computer monitor using E-PRIME (Psychological Software
Tools Inc., Sharpsburg, PA, USA), and each stimulus sub-
tended vertical and horizontal visual angles of 3.5° and
3.8°, respectively. Crosshairs (+) were displayed on the
monitor for 1,500 ms as a fixation point, and the inter-
stimulus interval was 2,500 ms. Prior to the experimental
session, a block of 20 trials was administered to ensure
that the instructions were understood.

Electrophysiological Recording Procedure

Electroencephalographic (EEG) activity was recorded
using a 64-channel HydroCel Geodesic Sensor Net con-
nected to a 64-channel, high-input impedance amplifier
(Net Amp 300; Electrical Geodesics, Eugene, OR, USA)
in an electrically shielded and soundproofed experimental
room. Each electrode was referenced to Cz, and individual
electrodes were adjusted until impedances were lower
than 50 kQ.*”

During the experiment, EEG activity was recorded con-
tinuously using a 0.1-100 Hz analog bandpass and a sam-
pling rate of 250 Hz. Following data collection, the EEG
data were segmented into 1,000 ms epochs, including the
100 ms pre-stimulus baseline period. Epochs contami-
nated by artifacts, such as eye blinks and eye movements,
were rejected prior to averaging (the threshold for artifact
rejection was £70 uV). All data associated with congruent
and incongruent conditions were averaged separately with
an average-reference transformation, and the ERPs were
digitally low-pass filtered at 30 Hz. The mean numbers of
trials included in the analysis were 275.54 (standard devi-
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Fig. 1. The grand-averaged event-related potentials elicited by congruent and incongruent stimuli for normal control and attention-deficit/
hyperactivity disorder (ADHD)-trait groups.
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ation [SD], 59.43) and 249.07 (SD, 54.03) for the normal
control and ADHD-trait groups, respectively. The two
groups did not differ in terms of trials included in the anal-
ysis, t(55)=1.76, not significant (ns).

Statistical Analysis

Based on the visual inspection of grand-averaged and
individual ERP waveforms, two ERP components (N2
and P3) and time windows were determined. N2 was de-
fined as the most negative peak observed at 180-300 ms
after stimulus-onset, and P3 was defined as the most pos-
itive peak observed at 300-500 ms after stimulus-onset.
N2 amplitudes and latencies were separately analyzed
with a repeated-measures, mixed-design analysis of var-
iance (ANOVA) with stimulus condition and electrode
site (F3, Fz, F4, FC3, FCz, FC4, C3, Cz, C4) as with-
in-subject factors and group as a between-subjects factor.
Since the N2 was observed only on the fronto-central sites
(Fig. 1), electrodes on the frontal and central sites were in-
cluded in the statistical analysis. P3 amplitudes and laten-
cies were separately analyzed with a repeated-measures,
mixed-design ANOVA with stimulus condition and elec-
trode site (F3, Fz, F4, FC3, FCz, FC4, C3, Cz, C4, P3, Pz,
P4) as within-subject factors and group as a between-sub-
jects factor. Greenhouse-Geisser corrections for spher-
icity violations were employed when appropriate, and the
corrected p values are reported. Variables showing sig-
nificant main effects were further analyzed using a paired
t-test or a one-way ANOVA.

Response times on the 2-back task were analyzed with
one-way ANOVA, and accuracy was evaluated with re-
peated-measures, mixed-design ANOVA with stimulus
condition (congruent and incongruent) as the within-subject
factor and group (ADHD-trait and control) as the between-
subjects factor. Only correct responses were subjected to
statistical analyses. Demographic characteristics and
scores on the ASRS and CAARS were analyzed using in-
dependent-sample #-tests.

RESULTS

Demographic Characteristics

The ADHD-trait and control groups did not differ in age
(t[55]=0.22, ns), educational level (t[55]=—0.04, ns), or
total I1Q scores (t[55]=0.74, ns). However, the ADHD-trait
group had significantly higher part A scores (t[55]=
—20.21, p<0.001) , total scores (t[55]=—28.11, p
<0.001) of the ASRS, and scores on the ADHD index of
the CAARS-K (t[55]=—33.46, p <0.001) compared with

the control group. The demographic characteristics and
scores on the ASRS and CAARS of the two groups are
presented in Table 1.

The 2-Back Task

Behavioral results of the 2—back task

Statistical analysis of response times under the con-
gruent condition revealed that the ADHD-trait and control
groups did not differ significantly (F[1,55]=0.29, ns). In
terms of accuracy, we found a main effect of stimulus con-
dition (F[1,55]=93.80, p<0.001), with the incongruent
stimuli eliciting significantly more errors compared with
the congruent stimuli. We also found an interaction effect
of stimulus condition by group (F[1,55]=7.04, p <0.05).
The ADHD-trait group committed significantly more er-
rors than did the control group under the congruent con-
dition (F[1,55]=8.34, p<0.01), whereas the two groups
did not significantly differ under the incongruent con-
dition (F[1,55]=2.60, ns). The mean response times and
accuracy data for the two groups are presented in Table 2.

ERP results on the 2-back task

Figure 1 depicts the grand- averaged ERP waveforms
elicited by congruent and incongruent stimuli at Fz, FCz,
CZ, and Pz for the two groups. Both groups showed the
largest N2 and P3 amplitudes at Fz and Pz, respectively.
Figure 2 show the topographical distributions of electrical
activity at the time when the maximum N2 and P3 ampli-

Table 1. Demographic characteristics in normal control and ADHD-
frait groups

Normal ADHD-trait

control (n=28) (n=29) f

Age (yr) 21.61 (2.08) 21.48 (2.15) 0.22
Gender (male:female) 9:19 7:22
Educational level (yr) 14.61 (1.31) 14.62 (1.15)  —0.04
1Q 116.07 (9.07) 113.31 (8.92) 0.74
ASRS
Part A 0.71 (0.85) 459 (0.57) —20.21*
Total points 12.75 (8.30) 44.17 (4.95) —28.11*
CAARS
Inattention/memory 425 (3.26) 2321 (475) —17.51*
Hyperactivity/irritability  5.86 (2.61)  21.69 (6.87) —11.42*
Impulsivity/emotional 2.82 (220) 2269 (455) —20.87*
lability
Self-concept 321 (2.44) 1321 (3.95) —11.44*
ADHD index 3.61 (1.75)  23.66 (2.66) —33.46*

Values are presented as mean (standard deviation).

ADHD, attention-deficit/hyperactivity disorder; 1Q, infelligence
quotient; ASRS, Adult ADHD Self-Report Scale; CAARS, Conners’
Adult ADHD Rating Scale.

*p<0.001.
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Table 2. Mean response times and accuracies on the 2-back task in normal control and ADHD-trait groups

Normal confrol (n=28)

ADHD-frait (n=29)

Congruent Incongruent Congruent Incongruent
Response time (ms) 425.41 (80.23) 436.88 (80.01)
Accuracy (%) 89.29 (8.26) 98.10 (1.95) 81.77 (11.13) 97.24 (2.09)
Values are presented as mean (standard deviation).
ADHD, attention-deficit/hyperactivity disorder.
A B
Congruent Incongruent Congruent Incongruent

Control

ADHD-trait

tudes, respectively, were observed. In terms of N2, both
groups showed larger amplitudes in response to incon-
gruent than to congruent stimuli, particularly at Fz. Both
groups showed larger P3 amplitudes in response to con-
gruent than to incongruent stimuli, particularly at Pz, and
the ADHD-trait group exhibited smaller P3 amplitudes
compared with the normal control group.

Analysis of N2 amplitudes revealed main effects of
stimulus condition (F[1,55]=12.41, p<0.05) and elec-
trode site (F[8,440]=20.83, p<0.001). The incongruent
stimuli elicited larger N2 amplitudes than did the con-
gruent stimuli, and the largest amplitude was observed at
Fz and smallest at C4. Additionally, an interaction effect
of stimulus condition by electrode site was observed
(F[8,440]=29.07, p <0.001). The incongruent stimuli eli-
cited larger amplitudes than did the congruent stimuli at
F3, Fz, F4, FCz and FC4, whereas the congruent stimuli
elicited larger amplitudes than did incongruent stimuli at
FC3 and C3. The amplitudes elicited by congruent and in-
congruent stimuli did not differ significantly at Cz and C4.
No significant main effect of group (F[1,55]=0.79, ns) and
no interaction effect of electrode site by group (F[1,55]=
0.05, ns) was observed. With respect to N2 latency, only a
main effect of stimulus condition was observed (F[1,55]=
18.60, p<0.001), with longer latencies in response to in-

Fig. 2. Topographical distributions
of N2 (A) and P3 (B) elicited by
congruent and incongruent stimuli
for normal confrol and attention-
deficit/hyperactivity disorder (ADHD)-
trait groups.

congruent than to congruent stimuli. No significant main
effect of group (F[1,55]=1.16, ns) or electrode site
(F[8,440]=1.88, ns) was observed. The mean N2 ampli-
tudes and latencies elicited by congruent and incongruent
stimuli in the ADHD-trait and control groups are pre-
sented in Table 3.

With regard to P3 amplitude, main effects of stimulus
condition (F[1,55]=62.17, p<0.001), electrode site
(F[11,605]=76.43, p<0.001), and group (F[1,55]=16.93,
p<0.001) were observed. Congruent stimuli elicited larg-
er P3 amplitudes than did incongruent stimuli, and the
largest amplitude was observed at Pz, and the smallest at
Fz. In terms of group, the ADHD-trait group showed sig-
nificantly smaller P3 amplitudes than did the control group.
Additionally, an interaction effect of stimulus condition by
electrode site was observed (F[11,605]=16.01, p <0.001).
Congruent stimuli elicited larger P3 amplitudes than did
incongruent stimuli at F4, FCz, FC4, C3, Cz, C4, Pz, Pz,
and P4, whereas the amplitudes elicited by congruent and
incongruent stimuli did not differ significantly at F3, Fz,
and FC3. In terms of P3 latencies, main effects of stimulus
condition (F[1,55]=23.46, p<0.001) and electrode site
(F[11,605]=3.03, p<0.05) were observed. Incongruent
stimuli elicited longer P3 latencies than did congruent
stimuli, and the shortest latency was observed at Pz, and
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Table 3. Mean N2 amplitudes and latencies in normal control and ADHD-trait groups

Normal control (n=28)

ADHD-frait (n=29)

Site
Congruent Incongruent Congruent Incongruent
Amplitude (V) F3 (12) —1.65 (2.25) —2.33 (2.38) —1.28 (1.93) —1.56 (1.86)
Fz (6) —1.15 (2.67) —2.96 (2.79) —0.66 (2.26) —229 (2.24)
F4 (60) —1.38 (3.09) —2.33 (2.21) —0.73 (2.12) —2.07 (1.90)
FC3 (15) —1.23 (1.69) —0.93 (1.98) —0.99 (1.79) —0.60 (1.44)
FCz (4) —0.68 (2.66) —1.80 (2.80) —0.66 (2.63) —1.33 (2.49
FC4 (53) —0.65 (2.34) —1.14 (2.37) 0.01 (1.83) —0.67 (1.55)
C3 (20) —0.88 (1.48) 0.19 (1.48) —0.57 (1.72) 0.21 (1.34)
Cz —0.29 (2.45) —0.44 (2.62) —0.13 (2.32) —0.15 (2.17)
C4 (50) —0.34 (1.98) —0.29 (2.03) 0.26 (1.49) 0.02 (1.28)
Latency (ms) F3 (12) 223.86 (25.43) 231.71 (24.32) 224.41 (22.56) 239.45 (27.35)
Fz (6) 223.71 (28.60) 230.43 (21.45) 226.48 (24.18) 242.34 (29.27)
F4 (60) 222.71 (26.02) 231.86 (20.15) 225.79 (25.36) 239.17 (25.13)
FC3 (15) 224.43 (27.16) 229.86 (26.27) 225.10 (26.64) 240.41 (32.38)
FCz (4) 226.86 (28.76) 232.29 (24.92) 225.93 (25.09) 243.03 (27.91)
FC4 (53) 224.43 (29.12) 230.29 (24.86) 223.31 (23.83) 240.41 (29.07)
C3 (20) 223.57 (25.86) 226.57 (28.79) 230.07 (28.84) 236.28 (30.56)
Cz 221.86 (25.82) 226.71 (21.67) 228.80 (26.16) 238.07 (29.05)
C4 (50) 220.43 (28.97) 221.57 (24.52) 226.90 (24.91) 235.17 (30.07)

Values are presented as mean (standard deviation).

ADHD, attention-deficit/hyperactivity disorder.

Table 4. Mean P3 amplitudes and latencies in normal confrol and ADHD-frait groups

Normal control (n=28) ADHD-frait (n=29)

Site
Congruent Incongruent Congruent Incongruent
Amplitude (V) F3 (12) 1.82 (2.75) 2.03 (2.46) 1.26 (1.83) 1.29 (1.76)
Fz (6) 1.57 (3.23) 1.10 (2.87) 0.89 (2.40) 0.33 (2.23)
F4 (60) 2.78 (3.16) 226 (2.21) 2.05 (2.27) 0.93 (1.65)
FC3 (15) 401 (2.13) 3.75 (2.19) 2.67 (1.37) 2,67 (1.77)
FCz (4) 5.69 (3.08) 4.22 (2.99) 3.33 (2.18) 2.61 (2.80)
FC4 (53) 5.54 (2.67) 3.96 (2.08) 3.80 (2.10) 2.55 (2.38)
C3 (20 558 (2.21) 4.32 (1.60) 3.67 (1.84) 3.31 (1.57)
Cz 8.60 (3.24) 5.69 (2.61) 5.14 (2.33) 3.73 (2.03)
C4 (50) 6.50 (2.54) 4,65 (1.89) 4.42 (2.15) 3.09 (1.98)
P3 (28) 7.53 (2.51) 502 (1.24) 5.06 (2.58) 3.75 (1.57)
Pz (34) 9.60 (2.77) 6.53 (2.00) 7.10 (2.49) 4.55 (2.06)
P4 (42) 7.21 (3.13) 5.32 (2.15) 4.78 (1.61) 3.40 (1.63)
Latency (ms) F3 (12) 367.00 (33.55) 391.57 (29.40) 371.86 (27.20) 390.62 (25.33)
Fz (6) 363.57 (36.16) 389.29 (28.74) 369.24 (24.68) 395.86 (22.89)
F4 (60) 361.86 (35.28) 389.14 (27.67) 366.76 (25.68) 391.45 (23.46)
FC3 (15) 374.00 (34.96) 389.00 (27.85) 375.03 (28.30) 395.03 (28.68)
FCz (4) 370.29 (34.09) 387.14 (28.44) 370.07 (25.22) 392.83 (29.15)
FC4 (53) 369.43 (37.59) 387.00 (27.19) 367.86 (25.26) 392.00 (31.96)
C3 (20 376.43 (34.98) 395.14 (33.67) 375.72 (29.00) 395.45 (32.30)
Cz 372.71 (37.46) 388.57 (35.36) 371.59 (24.74) 388.83 (30.92)
C4 (50) 373.14 (38.50) 389.57 (33.65) 373.66 (24.60) 392.21 (32.22)
P3 (28) 380.14 (24.60) 389.57 (37.00) 373.38 (24.59) 384.83 (38.19)
Pz (34) 371.71 (29.41) 383.29 (38.75) 367.03 (28.78) 376.72 (36.57)
P4 (42) 372.57 (31.68) 385.28 (39.10) 366.76 (30.39) 378.34 (37.89)

Values are presented as mean (standard deviation).

ADHD, attention-deficit/hyperactivity disorder.

and incongruent stimuli in the ADHD-trait and control
groups are presented in Table 4.

the longest one at C3. No significant difference between
groups was observed in this regard (F[1,55]=0.01, ns). The
mean P3 amplitudes and latencies elicited by congruent
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DISCUSSION

The present study used ERPs and a 2-back task to inves-
tigate whether college students with ADHD traits ex-
hibited deficits in verbal working memory. Compared
with the control group, the ADHD-trait group committed
significantly more errors in response to congruent stimuli
on the 2-back task; this result is consistent with previous
studies with adult patients with ADHD or individuals with
ADHD traits. For example, Schecklmann et al® ob-
served that adult ADHD patients performed significantly
more poorly on the 2-back task compared with a normal
control group. Ehlis et al” also found that ADHD pa-
tients committed more errors on the 2-back task than did a
control group. Additionally, Engelhardt et al® reported
that adults with ADHD traits exhibited poorer perform-
ances on the n-back task compared with control group.
Taken together with those of previous studies, the present
results indicate that individuals with ADHD traits exhibit
difficulties related to verbal working memory.

The ADHD-trait and control groups did not differ with
respect to N2 amplitudes and latencies, and both groups
exhibited significantly larger N2 amplitudes and longer
latencies in response to incongruent than to congruent
stimuli. N2 is known to reflect the processing involved in
detecting whether a current stimulus is congruent or in-
congruent with one presented » trials carlier,”” and the
present results support this functional significance of N2.
Unlike the present results, previous studies have reported
that ADHD patients exhibited significantly longer N2 la-
tencies than did normal controls.”"*” These inconsistent
findings may be related to methodological differences,
such as the characteristics of participants, particularly the
ratio of male to female participants in the sample used in
this study. For example, Valera et al.’” investigated neural
activation while adult patients with ADHD were perform-
ing the 2-back task and found gender differences in neural
activation. Male ADHD patients exhibited reduced acti-
vation in the right frontal and subcortical areas compared
with normal male participants, whereas no differences in
neural activation between female ADHD patients and nor-
mal female participants were observed. Previous studies
that observed delayed N2 latencies in ADHD patients
were four times more likely to use male than female
participants. In contrast, in the present study, the ratio of
female to male subjects was approximately 3 to 1, which
may have contributed to the lack of differences in the N2
latencies between the ADHD-trait and control groups.

The ADHD-trait group showed significantly smaller P3

amplitudes compared with the control group, which is con-
sistent with previous studies with adult ADHD patients.
For example, Keage et al’ observed significantly re-
duced P3 amplitudes at the central and parietal areas of
ADHD patients relative to those of normal controls, and
the authors suggested that reduced P3 amplitude reflected
impaired ability to accept new information ( i.e., updating
processing) in ADHD patients. Additionally, Kim et al 2
observed reduced P3 amplitudes at the posterior temporal
site and suggested that this result indicated inefficient at-
tentional allocation by ADHD patients.

The functional significance of the P3 amplitude in
working memory tasks is not fully understood. Some au-
thors have suggested that the P3 amplitude reflects atten-
tional capacity related to the classification of task-relevant
stimuli,*” whereas others have suggested that the P3 am-
plitude reflects the updating of the current contents of
working memory.41’42) Still others have suggested that the
P3 amplitude reflects the effort to allocate attention,**?
Therefore, the reduced P3 amplitudes in individuals with
ADHD traits observed in the present study suggest that
these individuals have difficulties with working memory,
possibly due to difficulties in memory updating or atten-
tional allocation.

The present study has several limitations that should be
addressed in future research. First, the inclusion of a rela-
tively small number of participants limits the general-
izability of the findings. Second, due to the small number
of participants we could not investigate the verbal work-
ing memory of individuals with ADHD traits according to
subtype (inattention, hyperactivity and mixed) or gender.
Third, as structural and functional abnormalities in
ADHD patients have been reported, an analysis of the
sources of N2 and P3 and the relationship between source
activation and behavioral performance on the 2-back task
among individuals with ADHD traits would provide val-
uable information regarding the neural mechanisms under-
lying deficits in verbal working among these individuals.

In conclusion, college students with ADHD traits com-
mitted significantly more errors in response to congruent
stimuli on the 2-back task and exhibited smaller P3 ampli-
tudes relative to controls. These findings suggest that in-
dividuals with ADHD traits exhibit deficits in verbal
working memory, possibly due to difficulties in memory
updating or attentional allocation. In addition, the present
results suggest that working memory deficits are present
in non-clinical individuals with ADHD traits as well as
ADHD patients, and that reduced P3 amplitudes may
serve as a biological marker of or a risk factor for ADHD.
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