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Abstract Attention-deficit hyperactivity disorder
(ADHD) is characterized by poor adaptation to environ-
mental demands, which leads to various everyday life
problems. The present study had four aims: (1) to compare
performance in a flanker task in female college students
with and without ADHD (N = 39) in a classical analyses
of reaction time and error rate and studying the underlying
processes using a diffusion model, (2) to compare the
amount of focused attention, (3) to explore the adaptation
of focused attention, and (4) to relate adaptation to psy-
chological functioning. The study followed a 2-between
(group: ADHD vs. control) x 2-within (flanker conflict:
incongruent vs. congruent) x 2-within (conflict frequency:
20 vs. 80 %) design. Compared to a control group, the
ADHD group displayed prolonged response times accom-
panied by fewer errors in a flanker task. Results from the
diffusion model analyses revealed that the members of the
ADHD group showed deficits in non-decisional processes
(i.e., higher non-decision time) and leaned more toward
accuracy than participants without ADHD (i.e., setting
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higher boundaries). The ADHD group showed a more
focused attention and less adaptation to the task conditions
which is related to psychological functioning. Deficient
non-decisional processes and poor adaptation are in line
with theories of ADHD and presumably typical for the
ADHD population, although this has not been shown using
a diffusion model. However, we assume that the cautious
strategy of trading speed of for accuracy is specific to the
subgroup of female college students with ADHD and might
be interpreted as a compensation mechanism.

Keywords ADHD - Neuropsychological function -
Flanker task - College students - Females - Diffusion model

Introduction

Attention-deficit hyperactivity disorder (ADHD) is marked
by developmentally inappropriate levels of hyperactivity,
impulsivity, and inattention (diagnostic and statistical
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manual of mental disorders, DSM-IV; American Psychi-
atric Association, APA 1994). Recent studies have revealed
that (a) in 40-60 % of children with ADHD, the disorder
continues into adulthood (Davidson 2008) and (b) the
prevalence of ADHD in adulthood is estimated to be
between 4 and 5 % in the population (Kessler et al. 2006).
ADHD in adulthood leads to several detrimental effects in
everyday life, for instance, risky behavior (e.g., driving too
quickly; Jerome et al. 2006) and sensation seeking (e.g.,
participating in dangerous sports; Antrop et al. 2000).
Moreover, there are adverse effects on educational and
occupational achievement as well as on social functioning
in adults with ADHD (Biederman et al. 2006). Little is
known about how these deficits in everyday life are related
to deficits in neuropsychological functioning (Barkley and
Fischer 2011).

ADHD has been characterized as a disorder of exec-
utive dysfunction with a core deficit in inhibition
(Barkley 1997), thereby causing deficits in other higher-
order executive control processes such as working
memory. On a group level differences between ADHD
and control participants in executive function, tasks have
been replicated continuously (Willcutt et al. 2005).
However, not every child with ADHD displays dys-
functional executive processes (Nigg et al. 2005), while
many children without ADHD, either with other psy-
chiatric disorders or with no disorder at all, do (Willcutt
et al. 2005). It has been suggested that the heterogeneity
of ADHD cannot be accounted for by single-process
models, but dual- or multiple-path models are needed.
Suggestions for factors accounting for ADHD have been
delay aversion (Sonuga-Barke 2002), temporal process-
ing that result in high intra-individual intertrial vari-
ability (Castellanos and Tannock 2002), deficits in
working memory (Rapport et al. 2008), and a shortened
delay gradient (Sagvolden et al. 2005). Furthermore, it
has been argued that fixed core deficits cannot account
for the heterogeneity of ADHD but dynamic context-
dependent models like the delay aversion model (Sonuga-
Barke 2002) or the state regulation model (Sergeant et al.
1999) are needed (Sonuga-Barke et al. 2010). These
dynamic context-dependent models assume that ADHD is
not characterized by a fixed core deficit, as, for example,
a general and stable deficit in inhibition that is displayed
in every situation, but that the deficit is depending on the
context. The deficit appears only under certain conditions,
as, for example, slow and high, but not medium presen-
tation rates (Sergeant 2005). Therefore, rather than having
a fixed core deficit, it appears that participants with
ADHD show deficits in adapting to environmental
demands, which only become apparent when they are
presented with different environmental demands (i.e.,
experimental conditions).

@ Springer

Adaptation to environmental demands

Adaptive behavior means optimally fitting the internal state
(e.g., arousal, motivation) to environmental demands. This
implies neither stable nor flexible behavior but two dif-
ferent aspects: (a) a change in behavior when environ-
mental demands are changed, but (b) stable behavior when
environmental demands stay the same. Examining the first
aspect, dynamic context-dependent models of ADHD
assume that individuals with ADHD have problems in
adapting their internal state to task demands and therefore
show good performance only under specific conditions.
The cognitive-energetic model, for instance, predicts best
performance under a medium level of activation (Sergeant
2005). The level of activation is often manipulated by
event rate as, for instance, with an interstimulus interval of
either one, four, or eight seconds (Van der Meere 2002).
Children with ADHD show the same performance as
children without ADHD under a medium event rate, but
comparatively worse performance under a slow or fast
event rate (Van der Meere 2002). The delay aversion
model (Sonuga-Barke 2002) predicts best performance
when incentives are not delayed (Sonuga-Barke et al.
2010). Both models have in common that they predict good
performance in only one condition for participants with
ADHD, whereas participants without ADHD can adapt to
environmental demands and show good performance in
different kinds of conditions. However, few studies have
explored such adaptation to task demands (Mulder et al.
2010; Van Meel et al. 2007). Interestingly, poor adaptation
to task conditions is a better predictor of ADHD symptoms
than response time and accuracy in a perceptual decision-
making paradigm (Mulder et al. 2010).

Research examining the second aspect of adaptive
behavior—stable behavior when environmental demands
stay the same—also found ADHD-related deficits. Specif-
ically, participants with ADHD not only show deficits in
adapting to task demands but they also show a higher
variability in response (Castellanos et al. 2005) when task
demands are stable. The high variability is related to def-
icits in temporal processing. This high variability might be
caused by an interference of activation associated with rest
(i.e., default mode) into the active state (Sonuga-Barke and
Castellanos 2007). To summarize, previous findings sug-
gest that participants with ADHD show difficulties in
(a) adapting to changing task demands and (b) high
response variability when task demands are stable, thus
deficits in both aspects of adaptive behavior.

Adaptation of focused attention to conflict

Adaptation of the focus of attention plays a crucial role in
conflict tasks, such as the Stroop (MacLeod 1991), the
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Eriksen flanker (Eriksen 1995), or the Simon task (Lu and
Proctor 1995). Thus, in tasks where relevant (i.e., target)
and irrelevant stimuli (i.e., distractor) are presented
simultaneously, a distractor stimulus feature can be asso-
ciated with the same response as the target stimulus (i.e.,
congruent trial) or with a different response than the target
stimulus feature (i.e., incongruent trials). During congruent
trials, less focused attention leads to a good performance
because the distractor elicits the same response as the tar-
get. In contrast, during incongruent trials, highly focused
attention leads to a good performance since the distractor
elicits a different response. The performance decrement on
incongruent trials is assumed to arise, at least in part, from
distractor-elicited response activation, that is, from conflict
between the responses activated by the target and the dis-
tractor stimulus feature (Coles et al. 1985). Reaction time
(RT) and error rates (ER) are usually increased on incon-
gruent as compared to the congruent trials, thereby dem-
onstrating that selection is incomplete. The performance
difference between congruent and incongruent trials
(henceforth referred to as congruency effect) can be taken
as a measure of focused attention. Hereby, a high con-
gruency effect (i.e., large difference between performance
in congruent and incongruent trials) would imply a less
focused attention. A small congruency effect would imply
a more focused attention and therefore less interference
from the distractor in incongruent trials but also less benefit
from the distractor in congruent trials.

Congruency effects have frequently been found to be
larger in children with ADHD than in children without
ADHD (e.g., Johnson et al. 2008; Mullane et al. 2009),
suggesting generally impaired interference control and
reduced focused attention. Imaging studies suggest that the
anterior cingulate cortex (ACC) acts as the conflict detection
device, signaling the degree of current conflict to dorsolateral
prefrontal areas, in which the adjustment of attentional
weights takes place (Botvinick et al. 2004). Interestingly, an
fMRI study failed to find increased neural activation in the
cognitive division of the ACC in adults with ADHD when
administering blocks of incongruent trials of a Stroop task
variant (Bush et al. 1999). Taken together, these findings
suggest impaired conflict adaptations in adults with ADHD
due to a lack of activation in the ACC.

The conflict monitoring theory (Botvinick et al. 2001,
2004) further states that the degree of focused attention is
adapted to the experienced utility of the distractor stimulus
information. That means conflict between incompatible
responses, as occurring on incongruent trials, is countered
by enhancement of focused attention, that is, increased
attentional weight given to the target stimulus dimension
and decreased attentional weight given to the distractor
stimulus dimension reducing the congruency effect on
future occasions (i.e., conflict adaptation effect). Consistent

with these assumptions, the flanker congruency effect is
reduced when the proportion of incongruent trials is
increased (Gratton et al. 1992; Wendt and Luna-Rodriguez
2009; Wendt et al. 2012). This effect has mostly been
studied to examine underlying processes in human conflict
processing in general. However, the difference between
congruency effects in blocks of high and low conflict is
also an intra-individual measure of adaptation of focused
attention to conflict and can be compared between different
groups of participants. A high conflict adaptation effect
(i.e., large difference between the congruency effects in
blocks of high and low conflict occurrence) would imply
that the participant showed adaptive behavior.

Exploring underlying processes

Performances in two-choice selective attention or conflict
tasks are commonly described in terms of two dependent
variables: accuracy (i.e., ER) and speed (i.e., RT). In classical
analysis, these two variables are evaluated separately pre-
cluding the investigation of the (unobservable) latent pro-
cesses that contribute to both variables. The Ratcliff diffusion
model (Ratcliff 1978) is a mathematical model for binary RT
tasks that allows for the statistical separation of different
latent processes contributing to the decision in a given trial
(i.e., RT and ER; Wagenmakers 2009). These latent pro-
cesses include the amount of information uptake per time and
a speed-accuracy trade-off (e.g., potential compensation
mechanisms). According to the model during two-choice
decisions, information accumulates in a noisy (i.e., random
walk) process until a decision boundary (i.e., threshold) is
reached and the response is initiated (see Fig. 1).

The model separates decisional from non-decisional
processes. The first parameter #,, the non-decision time, is a
measure of all processes other than decision processes that
contribute to a given response (i.e., the time prior to
information accumulation) and is an estimate of prepara-
tory and encoding processes preceding the decisional phase
and motor processes of the response system. With a longer
non-decision time, the decision process is initiated later,
leading to longer RT if everything else is equal. The second
parameter a, the response boundary, is a measure of
response caution or speed-accuracy trade-off (i.e., the
distance between decision boundaries). With a larger
response boundary, it takes longer for the decision process
to reach its threshold, which decreases the probability of an
erroneous response (i.e., everything else being equal fewer
errors but longer RTs). The third parameter v, the drift rate,
is a measure of the amount of information uptake or
information accumulation per time unit (i.e., the slope of
the diffusion process). With a larger drift rate, more
information is gathered in the same amount of time and the
decision threshold can be reached more quickly (i.e.,

@ Springer
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Fig. 1 Graphical illustration of a diffusion process for a response to a
category A item, in a task requiring the discrimination of items into
category A or category B (taken from Spaniol et al. 2006). The
diffusion process begins at the starting point z and is driven toward the
upper boundary a (“A” response) by a positive drift rate, v. A single

everything else being equal a faster response). A further
benefit of diffusion modeling is that all trials are used for
analysis (i.e., including RTs of error trials).'

In the ADHD literature, it has been assumed that perfor-
mance deficits in children with ADHD are caused by
heightened impulsivity (Barkley 1997) leading to preferences
of speed over accuracy, which would be represented in a
lower decision boundary. However, others have assumed that
performance deficits in children with ADHD occur due to
basic processing difficulties in arousal/encoding and activa-
tion/motor organization (Sergeant 2005), which would be
represented in the non-decision time. Another assumption is
that it is actually a lower drift rate causing the response
variability in ADHD (Huang-Pollock et al. 2012) and that
this might be caused by difficulties in allocating effort to the
processing (memory search and decision) or an intrusion of
the default mode interfering with the information processing
(Sonuga-Barke and Castellanos 2007).

Studies using the diffusion model to answer the question
of which underlying processes are impaired in ADHD so
far found differential effects on the boundary separation
parameter in reaction to task demands and effects on the
drift rate. In a study by Mulder et al. (2010), participants

! A fourth parameter, the starting point z, is not relevant in the current
study. The starting point is a measure of bias toward one of the
decision bounds. In our analysis, the decision bounds are correct and
incorrect responses, respectively. Therefore, a bias toward one of
them is a priori impossible. Consequently, we fixed z to a/2.

@ Springer

drift rate is shown, although drift rates assumingly normally distrib-
uted across trials. Sample paths 1 and 2 result in the correct (“A”)
response, whereas sample path 3 drifts toward the lower boundary 0
(“B”) response, resulting in an error (Spaniol et al. 2006)

worked on a perceptual decision-making paradigm. The
ADHD group showed less adaptation to task demands by
demonstrating lower decision thresholds than control par-
ticipants in accuracy sessions but higher decision thresh-
olds in speed sessions. There were no group differences or
interaction effects for the drift rate or non-decision time
(Mulder et al. 2010). In contrast, in their review of studies
using the continuous performance test in ADHD, Huang-
Pollock et al. (2012) computed diffusion model parameters
and found lower drift rates in the ADHD groups. Lower
drift rates were also found by Karalunas et al. (2012) when
analyzing RTs from a forced-choice RT paradigm. Both
studies did not find differences in non-decision time or
boundary separation, but assumed that differences in
boundary separation might be more prominent for tasks
that require two-choice decisions or have a higher per-
centage of targets (Huang-Pollock et al. 2012). In sum,
studies using a diffusion model analysis to explore under-
lying processes of two-choice tasks in ADHD are promis-
ing but rare. However, it might be helpful to study
underlying processes especially in subgroups of the ADHD
population which have revealed inconsistent results in the
domain of neuropsychological functioning.

Female college students with ADHD

Girls with ADHD who manage to graduate from high
school and gain admittance to postsecondary institutions
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represent a subpopulation of individuals with ADHD that is
understudied (Nelson and Gregg 2012; Weyandt and
DuPaul 2008). College students with ADHD consistently
show academic and psychological difficulties (Weyandt
and DuPaul 2008). A handful of studies have compared the
psychological functioning of college students with and
without ADHD. In a study using the Symptom Checklist-
90-Revised (SCL-90-R; Derogatis 1986), college students
with ADHD reported significantly higher ratings than
controls on somatization, obsessive compulsive disorder,
interpersonal sensitivity, depression, anxiety, hostility,
paranoid ideation, and psychoticism (Richards et al. 1999).
Students with ADHD also reported greater psychological
distress than comparison students on the Global Severity
Index of the Brief Symptom Inventory (BSI; Derogatis
1993; Weyandt et al. 1998). Results with regard to per-
formance in neuropsychological tasks are mixed. Pre-
liminary studies suggest that college students with ADHD
perform similar to control participants on intelligence tests
and the findings are heterogeneous with respect to perfor-
mance on specific neuropsychological tests (Weyandt and
DuPaul 2008).

College students with ADHD have most likely experi-
enced more academic success than those adults with
ADHD who do not attend college, and their pursuit of
postsecondary education may lead to a stronger belief in
their abilities (Nelson and Gregg 2012). Additionally,
college students with ADHD may have a less severe form
of the disorder than those with ADHD who do not attend
college (Nelson and Gregg 2012). It has been suggested
that college students with ADHD are likely to have
(a) higher ability levels, (b) greater academic success
during primary and secondary school, and (c) better com-
pensatory skills than individuals with ADHD from the
general population (Frazier et al. 2007). Thus, it is possible
that college students with ADHD compensated for their
deficits by the investment of more time or effort, utilization
of latent skills, or acquisition of new skills. Therefore, it
might be that deficits are disguised by compensatory
strategies (Adler 2004; Frazier et al. 2007).

Present study

In the present study, female college students with and
without ADHD performed a flanker task in which they
judged the parity of a central digit flanked by two different
digits by pressing a left or right key. On congruent trials,
the central and flanking digits had the same parity (e.g.,
848). On incongruent trials, the parity of the flanking digits
diverged from the parity of the central digit (e.g., 343).
Furthermore, the frequency of flanker conflict was manip-
ulated so that in one half of the experiment, there was
infrequent flanker conflict (20 %) and in the other half,

there was frequent flanker conflict (80 %). The digit flanker
task we used has been shown to be an efficient means of
assessing adaptation to conflict (Lehle and Hiibner 2008).
Compared with other widely used versions of the flanker
task, it has the advantage that it involves a comparably
large stimulus set, thereby strongly reducing trial-to-trial
stimulus repetitions.

Furthermore, participants were asked to fill out a ques-
tionnaire regarding their psychological functioning to
assess impairment in everyday life. A meta-analysis showed
that college students with ADHD are impaired in academic
and psychological functioning (Weyandt and DuPaul 2008).
Academic achievement is not tested with standardized
measures in Germany (as, for example, the Grade Point
Average), and therefore, it is difficult to compare between
students studying different subjects. Therefore, we chose to
focus on psychological functioning, measured with the BSI
(Franke 2000), as a domain in which impairment has been
repeatedly shown in college students (Weyandt and DuPaul
2008). We aimed to explore how neuropsychological
functioning of female college students with ADHD is
related to psychological functioning.

Our study had four aims. First, to compare the RTs and
ERs of female college students with and without ADHD
and furthermore to explore estimates of diffusion model
parameters (non-decision time, boundary separation, and
drift rate) and hence, describe the underlying processes
splitting up the observable behavior of RT and ER into
non-decisional processes, speed-accuracy trade-off, and
information uptake; second, to explore differences in the
amount of focused attention in female college students with
and without ADHD; and third, to compare adaptation to
conflict in female college students with and without
ADHD. Finally, we wanted to explore how adaptation is
related to psychological functioning.

Our aims were defined by four research questions:

1. Do female college students with ADHD differ from
female college students without ADHD in RT, ER,
non-decision time, boundary separation, and drift rate?

2. Do female college students with ADHD show less or
more focused attention compared to female college
students without ADHD?

3. Do female college students with ADHD show less
adaptation to a conflict manipulation (infrequent
versus frequent conflict) compared to female college
students without ADHD?

4. TIs the adaptation of focused attention related to
psychological functioning?

Based on the literature, we hypothesized that students
with ADHD would show slower RTs and higher ERs.
Regarding the parameters of the diffusion model, we pre-
dicted higher non-decision time, higher boundary

@ Springer
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separation, and lower drift rates. Previous research also
suggests reduced focused attention in participants with
ADHD compared to participants without ADHD. Further-
more, we expected to find less conflict adaptation in stu-
dents with ADHD compared to students without ADHD
regarding RT, ER, and one or more parameters of the
diffusion model. Finally, we expected poor adaptation
measured through a reduced congruency effect (i.e.,
smaller differences between congruency and incongruent
trials) or a reduced conflict adaptation effect (i.e., smaller
differences between congruency effects in blocks with
frequent incongruent trials and blocks with infrequent
incongruent trials) to be related to psychological impair-
ment. Importantly, all participants in both the ADHD and
the control group were given a professional ADHD diag-
nostic evaluation (i.e., clinical interviews, neuropsycho-
logical tasks, questionnaires to the participants, and their
significant others).

Methods
Design

The study followed a 2-between (group: ADHD vs. con-
trol) x 2-within (flanker conflict: incongruent vs. congru-
ent) x 2-within (conflict frequency: 20 vs. 80 %) design.
Dependent variables were RT, ER, non-decision time f#,
boundary separation a, and drift rate v.

Participants

Demographic data of our sample are displayed in Table 1.
Fifteen female college students (M age = 30.20 years,
SD = 5.93) were diagnosed with ADHD as their primary
disorder by the fourth author, a head neurologist and psy-
chiatrist of a neurological outpatient practice with over
20 years of experience in diagnosing ADHD. Patients
admitted themselves to the practice. They were informed
about the possibility to participate in the experimental session
if they were female, college students, and currently in the
diagnostic procedure for receiving an ADHD diagnosis
(n = 9) or had received a diagnosis of ADHD in the neu-
rological outpatient practice (n = 6). Only three participants
received their diagnosis before the age of 25 and none before
the age of 20. The participants were enrolled in diverse study
subjects (e.g., psychology, educational science, medicine,
law, communication design, and fashion design). Exclusion
criteria. were medication with methylphenidate (MPH) or
atomoxetin at the time of the experiment. None of our par-
ticipants had any history of medication with atomoxetin.
Altogether, five participants with ADHD received psycho-
stimulant medication of MPH. They were asked to
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discontinue medication 48 h before the start of the experi-
ment. Therefore, no participant was excluded due to medi-
cation at the time of the experiment. Participants received no
other forms of treatment (i.e., cognitive behavioral therapy).

The 24 comparison female students (M age =
22.58 years, SD = 2.53) without ADHD were recruited
from an educational psychology lecture and courses at the
University of Hamburg and studied psychology (n = 16),
educational science (n = 7), and American studies
(n = 1). They underwent the same diagnostic procedures
as the participants with ADHD. Exclusion criteria were any
psychiatric disorders and the intake of any medication.
With regard to ethnic background, all of the participating
females were Caucasian. We assessed the socioeconomic
status by asking questions about the marital status, highest
educational level, and income of students (see Table 1).
Female college students with ADHD were older compared
to female college students without ADHD, they were more
often divorced, worked more frequently in part-time jobs,
had more children, and a higher income.

Informed consent was obtained from all participants
after stressing that (a) all participants would remain
anonymous and data would be kept strictly confidential,
(b) participants were free to withdraw their consent at any
time with no unfavorable consequences, and (c) all data
would be processed electronically. Participants received
reimbursement (€5-8) for their travel expenses and were
offered a written report about the results of the study in
general. The study was approved by the local research
ethics committee and is compliant with the World Medical
Association’s Helsinki Declaration.

Diagnostic procedure
Participants with ADHD

The results of the diagnostic procedure are displayed in
Table 2. Participants with ADHD came to the neurological
outpatient practice because they assumed they had ADHD
and underwent the standard diagnostic procedure (separate
from the experimental session) in three 20- to 40-min
appointments, each on a separate day. The first appoint-
ment with the head neurologist and psychiatrist in the
neurological outpatient practice consisted of a general
gathering of information and a clinical interview exploring
the criteria of the International Classification of Diseases
(ICD-10; World Health Organization 2009) and DSM-IV
for ADHD (APA 1994, SKID; Wittchen et al. 1997).

At the second appointment, participants underwent a
battery of neuropsychological tests sensitive for ADHD.
The tests were administered in the outpatient practice by a
trained research assistant. All participants completed the
digit span forward and backward test from the German
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Table 1 Characteristics of the sample by group

ADHD Control Group
group group difference
(n=15) (n =24)
WAIS similarities (SD) 96.00 102.29 0.512
(12.56) (13.83)
WALIS block design (SD) 101.33 102.92 0.654
(10.60) (9.88)
Age (SD) 30.20 22.58 0.000
(5.93) (2.53)
Marital status: 13.33 0.00 0.066
divorced (%)
Part-time job (%) 40.00 12.50 0.047
Children: yes (%) 20.00 0.00 0.023
Highest educational 100.00 100.00
level: university entrance
diploma (%)
Income: <1.500 € (%) 80.00 100.00 0.023

WAIS = Wechsler Adult Intelligence Scale German Version (von
Aster et al. 2006): IQ norm scores, maximum score for similari-
ties = 33 and maximum score for block design = 26, group differ-
ence = p values (3 tests for marital status, part-time job, children,
highest educational level, and income; ¢ tests for the other
comparisons)

version of the Wechsler Adult Intelligence Scale (WAIS;
von Aster et al. 2006), the Trail-Making-Test (TMT) forms
A and B (Lewis and Rennick 1979), the d2 test (Bric-
kenkamp 2002), and two subtests from the test battery for
attentional performance (visual scanning and Go/NoGo;
TAP 2.0; Zimmermann and Fimm 2006). The digit span
forward and backward tests are measures of verbal working
memory. In the digit span forward task, a sequence of
digits of increasing length has to be recalled in the same
order (i.e., recall), whereas in the digit span backward test,
a sequence of digits of increasing length has to be recalled
in the reversed order (i.e., thus requiring further manipu-
lation of working memory content). We presented partici-
pants with sequences from three to eight digits (forward)
and two to seven digits (backward), scoring O for a failed
and 1 for a successful recall (von Aster et al. 2006). The
Trail-Making-Test (TMT) is a neuropsychological test of
visual attention and shifting (i.e., task switching or shift-
ing). The task requires participants to connect targets (i.e.,

“1,7 “2,” “3,7 “4,” ..)) in version A and to connect
alternately numbers and letters (i.e., “1,” “A,” “2,” “B,”
“3,7 “C,” “4,” “D,” ...). Participants are instructed to

finish the test as quickly and accurately as possible. The
dependent variable in this test is the time taken to complete
all items. The d2 is a psychological paper—pencil test of
attention consisting of letters as stimuli (i.e., “d” and “p”).
These letters are accompanied by one to four dashes
arranged either individually or in pairs above or below the

letters. Participants are required to cross out d’s with two
dashes as quickly and accurately as possible. The Go/NoGo
and visual scanning subtests from the computerized test of
attentional performance (TAP) measure inhibition abilities
(i.e., Go/NoGo) and sustained attention (i.e., visual scan-
ning). Dependent variables are RT and ER. Furthermore,
each participant and one significant other person (boy-
friends in most cases) were asked to complete the dysex-
ecutive questionnaire (DEX; Wilson et al. 1996), a
questionnaire on experienced deficits in attention (FEDA;
Zimmermann et al. 1991), and a questionnaire used for
screening psychological disorders of the DSM-IV (SKID;
Wittchen et al. 1997).

At the third appointment, the head neurologist reviewed
primary school reports of the participants with ADHD to
ensure the occurrence of the symptoms before the age of
seven and participants also brought—if available—infor-
mation on psychiatric examinations in childhood. Fur-
thermore, he used a semi-structured interview to exclude
disorders other than ADHD which could account for
symptoms (SKID). According to SKID cutoffs, five par-
ticipants in the ADHD group exhibited the following
comorbid disorders: dyslexia (n = 2), dyscalculia (n = 1),
personality disorders, and anxiety (n = 2). On average,
participants were 29.00 years old (SD = 6.24) at the time
of their ADHD diagnosis. Thus, all participants had
received their diagnosis during adulthood and within the
last year before their participation in the study. During the
diagnostic procedure, participants were asked whether they
were interested in participating in the experimental session.
Two participants were excluded from the analyses after
participating in the diagnostic procedure and the experi-
mental session because they received no diagnosis of
ADHD. We asked participants for their permission to use
their neuropsychological data in the study right after the
diagnostic session. All of the nine participants in the
ADHD group that were still in an ongoing diagnostic
process at the time of participating in the experimental
session gave consent to use their neuropsychological data.
The six participants, who already had received the ADHD
diagnosis before being asked to participate in our study,
were asked via a postal letter whether they would permit us
to also use their diagnostic data for the study. None of them
replied; therefore, we only report diagnostic data of nine
patients in Table 2.

Participants without ADHD
Participants without ADHD underwent a diagnostic pro-
cedure conducted by the same neurologist in his practice

consisting of a clinical interview exploring the ICD-10 and
DSM-1IV criteria for ADHD and the administration of the
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Table 2 Diagnostic data of the sample by group

ADHD Control Group
group group difference
n=9) (n = 23)
Digit span forward percentile 48.00 51.15 0.845
(SD) (24.02) (29.12)
Digit span backward percentile ~ 51.89 50.87 0.705
(SD) (28.69)  (24.51)
TMT-A in s (SD) 36.33 22.52 0.003
(12.44) (6.14)
TMT-B in s (SD) 78.44 53.35 0.029
(33.88) (17.49)
d2 errors in % (SD) 5.83 4.07 0.296
(4.94) (2.83)
Go/NoGo RT in ms (SD) 448.39 435.56 0.498
(35.38) (73.08)
Go/NoGo errors (SD) 0.11 0.39 0.407
(0.33) (1.12)
Visual scanning (SD) 41.11 47.43 0.357
(6.51) (13.73)
DEX self-rating (SD) 48.78 38.24 0.003
(14.17) (7.05)
DEX significant other (SD) 37.33 37.45 0.672
(17.90) (10.95)
FEDA self-rating (SD)
Distractibility and slowing in ~ 31.25 52.33 0.056
mental processes (11.28) (6.79)
Decrease in drive 13.87 23.71 0.721
(3.18) (3.54)
Fatigue and slowing in 19.25 33.62 0.020
activities of daily living (7.61) (3.95)
FEDA significant other (SD)
Distractibility and slowing in ~ 44.75 56.63 0.020
mental processes (9.85) (5.42)
Decrease in drive 18.12 24.86 0.064
(6.29) (4.33)
Fatigue and slowing in 27.00 34.45 0.006
activities of daily living (9.39) (5.42)

Nine of 15 participants in the ADHD and 23 of 24 participants in the
control group gave consent to use their diagnostic data from the
diagnostic procedure, TMT the Trail-Making-Test (Lewis and Ren-
nick 1979), DEX dysexecutive questionnaire (Wilson et al. 1996),
FEDA questionnaire of experienced deficits in attention (Zimmer-
mann et al. 1991)

neuropsychological battery by a research assistant (simi-
larities and block design, digit span forward and backward,
TMT forms A and B, d2 test, Go/NoGo, visual scanning).
The SKID was applied to rule out other mental disorders
besides ADHD. Furthermore, we asked them and their
significant others (again boyfriends in most cases) to fill
out the questionnaires. Interviews and neuropsychological
tests were administered in one session, which took
approximately 90 min. One participant in the control group
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was excluded from the analyses due to high rates of ADHD
symptoms. Table 2 presents the differences that emerged in
the diagnostic procedure between female college students
with and without ADHD. Participants with ADHD differed
significantly from the participants without ADHD in the
TMT-A, TMT-B, the self-rating of the DEX, the distract-
ibility and slowing in mental processes scale of the FEDA,
and marginally significant in the fatigue and slowing in
activities of daily living scale of the FEDA. Furthermore,
the FEDA ratings of significant others differed between
groups. The distractibility and slowing in mental processes
and fatigue and slowing in activities of daily living scales
differed significantly, and the decrease in drive scale only
differed marginally significant.

Experimental session procedure

All experiments were conducted in a quiet laboratory at
the university by a female researcher, separate from the
diagnostic appointments. Participants worked on the
flanker task for approximately 45 min. Afterward, a
screening of their cognitive abilities was conducted
(similarities and block design; von Aster et al. 2006)
and participants were asked to fill out the psychological
functioning questionnaire. The WAIS subtests block
design and similarities allow for a screening of cogni-
tive abilities. The block design test was chosen because
of its high predictive and diagnostic value (Donders
et al. 2001), and the similarities test was chosen to
additionally assess verbal reasoning.

Flanker task

The stimulus set of the flanker task consisted of the digits
2-9. Each stimulus consisted of three horizontally aligned
digits: two identical flanking digits (i.e., flankers) and one
(always different as the flankers) central target digit (e.g.,
272). Each digit occupied 50 mm vertically and 35 mm
horizontally. Participants viewed the screen from a distance
of about 50-60 cm. All experiments were conducted by a
female researcher who left the room after giving the par-
ticipants detailed instructions about how to complete the
task on the computer.

Participants were told that they had to judge the parity
(odd and even) of the central target digit by pressing a key
located on the right or the left of a standard keyboard.
Mapping of keys to parity was counterbalanced between
participants. Each trial started with the presentation of a
fixation cross for 400 ms, followed by a blank screen for
600 ms, and then the stimulus was presented for 160 ms in
white on a black background. In the case of an incorrect
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response, visual and auditory error feedback was presented
for 1,000 ms. Otherwise, the next trial started with the
presentation of the fixation cross 100 ms after the previous
response was elicited.

After 16 practice trials, participants worked on eight
blocks consisting of 100 trials each separated by short
breaks. The frequency of flanker conflict was manipulated
so that in one half of the experiment, there was 20 %
flanker conflict and in the other half, there was 80 %
flanker conflict. Flanker conflict was elicited when the
flankers had parity other than the target (flanker incon-
gruent); no flanker conflict was elicited when the flankers
had the same parity as the target (flanker congruent). Half
of the participants started with 20 % flanker conflict; the
other half of the participants started with 80 % flanker
conflict.

Psychological functioning

Table 3 displays the differences in BSI scores between
female college students with and without ADHD. The BSI
(Franke 2000) provides an overview of self-reported clin-
ically relevant psychological symptoms in adolescents and
adults. The BSI is the short version of the SCL-R-90
(Derogatis 1986), which measures the same dimensions.
Items for each dimension of the BSI were selected based on
a factor analysis of the SCL-R-90, with the highest loading
items on each dimension selected for the BSI (Derogatis
1993; Derogatis and Cleary 1977). The BSI requires only
8—10 min to complete and consists of 53 items covering
nine symptom dimensions: somatization, obsession-com-
pulsion, interpersonal sensitivity, depression, anxiety,
hostility, phobic anxiety, paranoid ideation, and psychoti-
cism; and three global indices of distress: Global Severity
Index, Positive Symptom Distress Index, and Positive
Symptom Total. The global indices measure current or past
level of symptomatology, intensity of symptoms, and
number of reported symptoms, respectively. The BSI has
internal consistencies from o = 0.63 to o = 0.85 and retest
reliabilities from r = 0.73 to r = 0.92. Groups only dif-
fered significantly on the scale for obsessive—compulsive
behavior, with ADHD females showing more obsessive—
compulsive behavior. No other significant group differ-
ences appeared (see Table 3).

Data preparation flanker task

Prior to the statistical analyses, we excluded the following
trials: (a) the first three trials of each block (3 % warm-up
trials), and (b) all trials following an error (3 % of the
remaining trials). Responses outside the interval of the

individual median £3 x the interquartile range were con-
sidered as outliers (Tukey 1977; trials were also excluded if
they were faster than 200 ms to exclude all responses that
could not have been driven by a decision process) and also
excluded from the analysis. In total, 8 % of all responses
were excluded from the analyses. For the analysis of ER
and the diffusion modeling, all of the remaining trials were
used. The RT analysis was confined to correct responses.

The diffusion model

Performances in two-choice selective attention tasks can be
described in terms of two dependent variables: ER (accu-
racy) and RT (speed). In classical analysis, these two
variables are evaluated separately precluding the investi-
gation of the latent processes that contribute to both vari-
ables. As we hypothesized to find differences in the latent
processes governing responses in such tasks, we analyzed
our data using the Ratcliff diffusion model (Ratcliff 1978).
In our case, the diffusion model contained three relevant
parameters. First, the non-decision time #;, is a measure of
all processes other than decision processes that contribute
to a given response (i.e., the time prior to information
accumulation) and is an estimate of preparatory and
encoding processes preceding the decisional phase and
motor processes of the response system. Second, the
response boundary a is a measure of response caution or
speed-accuracy trade-off (i.e., the distance between deci-
sion boundaries) and third, the drift rate v is a measure of
the amount of information uptake or information accumu-
lation per time unit (i.e., the slope of the diffusion process).
Furthermore, the diffusion model contains nuisance
parameters taking trial-by-trial variability in the drift rate
(s,), the non-decision time (s;,), and the starting point (s)
into account. Note that in our design, only the drift rate
v can vary from trial to trial. The other relevant parameters,
the response boundary a and the non-decision time t,, are
assumed to be determined prior to stimulus processing. In
other words, as participants know the identity of a stimulus
(i-e., congruent or incongruent) only after it appeared, the
response boundary a and the non-decision time f, cannot
vary as a function of congruency of a trial, but between
blocks.

A benefit of diffusion modeling is that all trials are used
for analysis (i.e., including RT of error trials). We obtained
the diffusion model parameters using the procedures
implemented by Voss and Voss (2007, 2008; see Spaniol
et al. 2006, 2008, 2011, for similar analyses of the effect of
aging). In total, we estimated 11 parameters per participant:
a separate drift rate for congruent and incongruent trials in
each of the two conflict frequency conditions (four drift
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rates in total); a separate response boundary parameter and
a separate non-decision time parameter for each of the two
conflict frequency conditions (two response boundary and
two non-decision times in total); one parameter capturing
trial-by-trial variability for each drift rate, non-decision
time, and starting point (three parameters capturing trial-
by-trial variability in total). The response boundaries rep-
resented correct and incorrect responses, respectively.
Using these specifications, the raw individual data were
handed over to fast-dm (Voss and Voss 2007) which
obtained individual parameter estimates by minimizing the
discrepancy between the observed and predicted full
cumulative response time distribution using the Kol-
mogorov—Smirnoff (KS; Kolmogorov 1941) test statistic.
For more details on the fitting procedure, we refer to Voss
and Voss (2007, 2008).

Model fit

The product of the p value of the KS statistic served as an
index of model fit with p < 0.05 signaling misfit (Spaniol
et al. 2006, 2008, 2011). This was the case for four par-
ticipants, one with ADHD and three without ADHD. As the
pattern of significant and nonsignificant results did not
change when excluding these participants®, we included
them in the following analysis.

Data analysis

To compare the performance of the college students with
and without ADHD and to analyze the adaptation to the
flanker manipulations, we entered mean RT and mean ER
into separate 2 x 2 x 2 mixed between- and within-sub-
jects ANOVAs with the factors group (ADHD vs. control,
between), flanker conflict (incongruent vs. congruent,
within), and conflict frequency (20 vs. 80 %, within;
Table 4; Fig. 2). For non-decision time #, and boundary
separation a, we computed separate 2 x 2 mixed between-
and within-subjects ANOVAs with the factors group
(ADHD vs. control, between) and conflict frequency (20
vs. 80 %, within). For the drift rate v, we again computed a
2 x 2 x 2 mixed between- and within-subjects ANOVA
with the factors group (ADHD vs. control, between),
flanker conflict (incongruent vs. congruent, within), and
conflict frequency (20 vs. 80 %, within; Table 5; Fig. 3).

% The only exception was the main effect of condition for the non-
decision time f,. Whereas this main effect was significant when all
participants were entered into the analyses, F(1, 37) = 5.00,
p = 0.03, it was only marginally significant when the four critical
participants were excluded, F(1, 33) = 3.90, p = 0.057.
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Table 3 Brief symptom inventory scores of our sample by group

ADHD Control Group
group group difference
(n=15) (n=24)
Somatization 1.44 (0.30) 1.59 (0.34) 0.155
Obsessive—compulsive 1.63 (0.45) 1.26 (0.49) 0.024
Interpersonal sensitivity 1.33 (0.55) 1.30 (0.57) 0.867
Depression 1.54 (0.34) 1.53 (0.38) 0.935
Anxiety 1.49 (0.25) 1.39 (0.36) 0.386
Hostility 1.56 (0.57) 1.52 (0.40) 0.782
Phobic anxiety 1.72 (0.35) 1.72 (0.34) 0.965
Paranoid ideation 1.30 (0.34) 1.60 (0.52) 0.062
Psychoticism 1.55 (0.45) 1.77 (0.36) 0.101
Global Severity Index 80.13 80.75 0.866
9.12) (11.99)
Positive Symptom Distress 1.90 (0.14) 1.92 (0.09) 0.599
Index
Positive Symptom Total 42.13 42.00 0.919
(5.26) (2.80)

Global Severity Index = Sum of all items of the Brief Symptom Inven-
tory. Positive Symptom Distress Index = Mean of all items divided by
number of items in which impairment was reported. Positive Symptom
Total = number of self-reported symptoms/number of items in which
impairment was reported

Age differed between the groups (see Table 1) and showed
correlations to RT, r = 0.34, p < 0.05, non-decision time,
r = 0.35, p <0.05, and boundary separation, r = 0.37,
p < 0.05, in the complete sample (N = 39). There were no
correlations of age to the dependent variables RT, ER, non-
decision time, boundary separation, and drift rate when
checking in both groups separately, neither the group with
ADHD, nor the group without ADHD. Therefore, we did
not control for age in the ANOVAs (Miller and Chapman
2001). To explore how adaptation is related to psycho-
logical functioning, we correlated the difference score for
the conflict adaptation effect (i.e., differences between
congruency effect in blocks with frequent incongruent tri-
als and blocks with infrequent incongruent trials) with the
scales from the BSI (see Tables 3, 6). For non-decision
time and boundary separation, we could not compute a
difference score for congruency effect and therefore used
adaptation to conflict frequency (i.e., performance in
blocks with infrequent conflict minus performance in
blocks with frequent conflict) as estimate for adaptation.
Large difference scores reflect high adaptation. Age was
related to some scales of the BSI (i.e., to anxiety in the
group with ADHD, r = —0.67, p < 0.05, and to phobic
anxiety in the group without ADHD, r = —045,
p < 0.05). Therefore, we additionally controlled for age in
cases where significant differences or correlations between
groups emerged.
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Table 4 Results of the classical
analysis for RT and ER for the
group x flanker

conflict x conflict frequency
ANOVAs

MSE represents mean square
errors for the corresponding
error term. Mg represents the
recommended effect size for
repeated measure designs,
generalized eta squared; 0.02 is
considered as a small, 0.13 as a
medium, and 0.26 as a large
effect (Bakeman 2005)

T p <0.10; * p < 0.05;

** p < 0.01; ¥** p < 0.001

Fig. 2 Response times (upper
row) and error rates (lower row)
from ADHD (left column) and
control participants (right
column) on the flanker task with
blocks with frequent and
infrequent conflict (conflict is
operationalized as incongruent
trials). Mean values are plotted
in black. The raw data are
plotted in gray to show the
dispersion of the data. The
difference between squared and
round black points at each
x-axis tick depicts the
congruency effects

(i.e., incongruent minus
congruent means)

Factor df MSE F ne P
Response times
Group 1, 37 19,020.67 8.08%#%* 0.16 0.007
Flanker 1,37 251.35 139.20%** 0.04 <0.001
Group x flanker 1, 37 251.35 2.48 0.00 0.12
Frequency 1, 37 1,748.74 12.94%%* 0.03 <0.001
Group x frequency 1, 37 1,748.74 4.29% 0.01 0.045
Flanker x frequency 1, 37 209.29 11.91%* 0.00 0.001
Group x flanker x frequency 1, 37 209.29 0.15 0.00 0.71
Error rates
Group 1, 37 0.0020 4.40% 0.06 0.04
Flanker 1, 37 0.00072 28.78*%%* 0.13 <0.001
Group x flanker 1, 37 0.00072 2.56 0.01 0.11
Frequency 1,37 0.00055 10.94%* 0.04 0.002
Group x frequency 1, 37 0.00055 0.26 0.00 0.61
Flanker x frequency 1, 37 0.00052 10.99%%* 0.04 0.002
Group x flanker x frequency 1, 37 0.00052 3.99% 0.01 0.053
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Results
Classical analysis
RT

Results for RT showed a main effect for group (see
Table 4). Participants with ADHD responded slower than
participants without ADHD (674-610 ms, Fig. 2). Fur-
thermore, we found the expected congruency effect (i.e., a
main effect of flanker conflict); participants responded
more slowly on incongruent than on congruent trials
(657-612 ms = 45 ms congruency effect). The group
main effect was qualified by a significant group by conflict
frequency interaction. The conflict frequency manipulation
had a stronger effect on participants with ADHD (differ-
ence between high and low conflict blocks was 54 ms) than
on participants without ADHD (difference between high
and low conflict blocks was 31 ms). Additionally, we
found the expected conflict adaptation effect (i.e., a two-
way interaction of flanker conflict with conflict frequency),
and the congruency effect was smaller when conflict was
frequent than when conflict was infrequent (24 vs. 42 ms).

ER

Results for ERs showed a significant main effect for group
(see Table 4), indicating that participants with ADHD
tended to produce fewer erroneous responses than partici-
pants without ADHD (2.4 vs. 3.9 %, Fig. 2). Note that this
main effect points in the opposite direction than the effect
for RT (i.e., participants with ADHD are slower, but pro-
duce fewer errors). We again found the expected congru-
ency effect (a main effect of flanker conflict). Participants
made more errors on incongruent than on congruent trials
(4.6-2.1 % = 2.5 % congruency effect). We also found
the expected conflict adaptation effect (an interaction of
flanker conflict with conflict frequency). The congruency
effect was smaller when conflict was frequent than when
conflict was infrequent (1.1 vs. 3.9 %). Additionally, the
conflict adaptation effect tended to be modulated by group
as indicated by an almost significant three-way interaction
of flanker conflict, conflict frequency, and group
(p = 0.05). The conflict adaptation to conflict frequency
was higher for participants without ADHD than for par-
ticipants with ADHD. Participants with ADHD exhibited a
flanker congruency effect of 1.2 % when conflict was fre-
quent and a flanker congruency effect of 2.2 % when
conflict was infrequent. In contrast, participants without
ADHD showed a comparable flanker congruency effect of
1.1 % when conflict was frequent, but a considerably
stronger flanker congruency effect of 5.1 % when conflict
was infrequent.
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Summary

Taken together, the classical analysis of RT and ER
showed differences in the behavior between participants
with and without ADHD. Female college students with
ADHD were slower but produced fewer errors than female
college students without ADHD. Furthermore, participants
with ADHD tended to be influenced more by the conflict
frequency manipulation than participants without ADHD,
as indicated by a significant group by conflict frequency
interaction and an almost significant group by flanker
conflict by conflict frequency interaction. However, the
classical analysis does not reveal which of the assumed
underlying processes is responsible for this pattern of
results. To shed light on this, we performed the diffusion
model analysis.

Diffusion model analysis
Non-decision time

For non-decision time, our analysis demonstrated a sig-
nificant group main effect (see Table 5). Participants with
ADHD had higher non-decision times than participants
without ADHD (Fig. 3, lower row). Hence, participants
with ADHD took longer to initiate a decision process than
participants without ADHD, prolonging their RT overall
(without affecting their accuracy). Furthermore, we found a
main effect for conflict frequency. Non-decision time was
higher on blocks with frequent conflict indicating that
participants during those blocks needed more time to start
the decision process (Fig. 3, lower row).

Boundary separation

Examining the boundary separation parameter next, we
only found a main effect for group (see Table 5). Partici-
pants with ADHD had a higher boundary separation
parameter than participants without ADHD (Fig. 3, lower
row). Hence, the decision process took comparatively
longer to reach the decision threshold in the ADHD group,
which decreased the probability of an erroneous response.
This indicates that participants with ADHD were compar-
atively more cautious.

Drift rate

We found a main effect of flanker conflict (see Table 5),
indicating that the drift rate was lower for incongruent than
for congruent trials. This finding suggests that participants
gathered less information per trial on incongruent trials.
Next, we found a main effect of conflict frequency, indi-
cating that drift rate was lower for infrequent than for
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Table 5 Results of the diffusion model analysis for the group x flanker conflict x conflict frequency ANOVA (for drift rate) and the
group x conflict frequency ANOVAs (for boundary separation and non-decision time)

Factor daf MSE F 11%; P
Non-decision time (fg)
Group 1, 37 0.0025 5.00% 0.10 0.03
Frequency 1, 37 0.00040 51.32%%% 0.16 <0.001
Group x frequency 1, 37 0.00040 0.33 0.00 0.97
Boundary separation (a)
Group 1,37 0.26 5.99% 0.09 0.02
Frequency 1, 37 0.15 0.32 0.00 0.57
Group x frequency 1, 37 0.15 0.68 0.01 0.42
Drift rate (v)
Group 1, 37 1.90 3.39" 0.06 0.07
Flanker 1, 37 0.43 103.90%** 0.29 <0.001
Group x flanker 1, 37 0.43 6.92% 0.03 0.01
Frequency 1,37 0.42 11.44%%* 0.04 0.002
Group x frequency 1, 37 0.42 6.00* 0.02 0.02
Flanker x frequency 1, 37 0.17 3.53" 0.01 0.07
Group x flanker x frequency 1, 37 0.17 0.16 0.00 0.69

MSE represents mean square errors for the corresponding error term. 11%; represents the recommended effect size for repeated measure designs,
generalized eta squared; 0.02 is considered as a small, 0.13 as a medium, and 0.26 as a large effect (Bakeman 2005)

T p<0.10; * p < 0.05; ** p < 0.01; ** p < 0.001

frequent conflict. This finding suggests that on blocks with
infrequent conflict, participants gathered less information per
trial. Furthermore, we found an interaction of group x -
flanker conflict indicating that the congruency effect of the
drift rate was smaller in the ADHD group. Analysis of simple
main effects of flanker conflict showed that there was only a
difference between women with and without ADHD for
congruent, F(1, 37) = 4.96, p = 0.03, but not for incon-
gruent trials, F(1, 37) = 0.66, p = 0.42 (Fig. 3, upper row).
Participants with ADHD seemed to be less able than par-
ticipants without ADHD to use the benefits of the flanking
digits when these were congruent with the target for accu-
mulating evidence to give the correct response. Finally, we
found an interaction of group with frequency. Analysis of
simple main effects within groups indicated that women with
ADHD did not show a main effect of conflict frequency, F(1,
14) = 0.41, p = 0.53, whereas women without ADHD did,
F(1, 23) = 20.29, p < 0.001. This shows that women with
ADHD, in contrast to women without ADHD, had no
increased information uptake when conflict was frequent. It
seemed that participants without ADHD were more focused
in the block with frequent conflict (hence the higher drift
rate), whereas participants with ADHD seemed not to be able
to adapt in this way.

Summary

The diffusion model analysis showed that the inconsistent
differences between women with and without ADHD

found in RT and ER are due to differences in all cognitive
processes assumed by the diffusion model. Women with
ADHD had higher non-decision times and higher boundary
separation parameters. Regarding the drift rate, women
with ADHD benefitted less from the congruent information
for congruent trials and were less able to adapt to the
conflict frequency.

Psychological functioning

Groups differed in none of the BSI scales except from the
obsessive—compulsive behavior scale, with women with
ADHD showing more obsessive—compulsive behavior (see
Table 3). The marginally significant differences in para-
noid ideation disappeared when controlling for age, F(4,
36) = 0.76, ns. The correlations of the conflict adaptation
effects (i.e., differences between congruency effect in
blocks with frequent incongruent trials and blocks with
infrequent incongruent trials) with the scales from the BSI
are displayed in Table 6. The difference score for conflict
adaptation of RT and ER was not related to any of the BSI
scales. High adaptation in non-decision time was related to
less hostility and this correlation remained significant when
controlling for age, r(36) = —0.35, p < 0.05. High adap-
tation in boundary separation was related to high phobic
anxiety. This relation was only marginally significant when
controlling for age, r(36) = 0.30, p < 0.10. Furthermore,
high adaptation in boundary separation was related to high
global impairment as indicated by the Global Severity
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Fig. 3 Parameters of the
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Table 6 Correlations between brief symptom inventory and conflict adaptation of RT, ER, drift rate, boundary separation, and non-decision time

RT* ER* Non-decision Boundary Drift

time (to)b separation (a)b rate (v)*
Somatization —0.022 —0.079 0.041 0.164 —0.214
Obsessive—compulsive 0.153 0.006 0.219 —0.038 0.195
Interpersonal sensitivity 0.078 —0.146 0.101 0.097 —-0.291
Depression —0.059 0.061 —0.192 0.102 —0.244
Anxiety 0.268 0.273 0.027 0.271 —0.169
Hostility —0.139 —0.003 —0.325* 0.154 -0.217
Phobic anxiety 0.012 —0.034 0.307 0.331%* —0.260
Paranoid ideation —0.064 0.235 0.060 —0.131 —0.318*
Psychoticism —0.023 0.193 —0.164 —0.248 —0.181
Global Severity Index 0.022 —0.110 0.218 0.347% —0.397*
Positive Symptom Distress Index 0.077 0.090 0.050 0.136 —0.322%
Positive Symptom Total 0.077 0.177 —0.050 0.001 —0.197

* Conlflict adaptation effect [i.e., congruency effect (incongruent minus congruent trials) in blocks with infrequent conflict minus congruency
effect (incongruent minus congruent trials) in blocks with frequent conflict]

® Adaptation to conflict frequency (i.e., performance in blocks with infrequent conflict minus performance in blocks with frequent conflict)

* p < 0.05; ** p < 0.01

Index, also after controlling for age, r(36) = —0.33,
p < 0.05. High adaptation in drift rate was related to low
paranoid ideation. However, this relation disappeared when
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controlling for age, 7(36) = —0.23, ns. Furthermore, high
adaptation drift rate was related to low scores in the
Global Severity Index, which remained significant, #(36) =
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—0.38, p < 0.05 after controlling for age. The correlation
between adaptation drift rate and the Global Symptom
Distress Index only remained marginally significant after
controlling for age, r(36) = —0.29, p < 0.10.

Summary

In sum, correlations of difference scores as estimates of
adaptation with questionnaires indicate that high adaptation
of non-decision time was related to less hostility, high
adaptation of boundary separation was related to high
global impairment, and high adaptation of drift rate is
related to less global impairment.

Discussion

The aims of this study were first to compare performance
on a flanker task in female college students with and
without ADHD, second to compare the amount of focused
attention, third to explore the adaptation of focused atten-
tion, and finally, to relate such adaptation to psychological
functioning.

Differences in flanker performance

Our first research question asked whether female college
students with ADHD differ from female college students
without ADHD in RT, ER, non-decision time, boundary
separation, and drift rate. A classical analysis of RT and ER
displayed inconsistent results. As expected, female college
students with ADHD showed prolonged RTs. However,
this response slowing was associated with a reduction in
ERs. To clarify these results, we utilized a diffusion model
analysis that allowed us to explore the underlying latent
cognitive processes. The model revealed higher non-deci-
sion time, higher boundary separation, and differences in
the drift rate between the two groups. A higher non-deci-
sion time represents longer non-decisional processes or
basic processing like encoding and motor preparation.
Which of these two, encoding or motor processing, is
impaired cannot be answered from our data. However,
other studies have found that deficient performance in
ADHD is due to suboptimal activation leading to problems
in motor organization rather than due to suboptimal arousal
leading to problems in encoding (cognitive-energetic
model; Sergeant 2005). Therefore, our finding of longer
non-decision time provides an indication of suboptimal
activation in the ADHD group.

Participants with ADHD had an overall higher boundary
separation parameter: they were more cautious than par-
ticipants without ADHD (in terms of speed-accuracy trade-
off, they leaned more toward accuracy than participants

without ADHD). This, as the finding of lower ERs in the
ADHD groups, is contrary to the common understanding
that ADHD is marked by high impulsivity and therefore a
tendency of making fast but inaccurate choices. However,
Mulder et al. (2010) found a higher boundary separation in
the speed condition. In the accuracy condition, however,
the ADHD group showed a lower boundary separation.
This suggests that participants with ADHD do not set lower
boundaries in general, but that the boundary separation
depends on the task demands. One possible explanation for
our finding of higher boundaries in the ADHD group is that
our task might have stressed speed more than accuracy.
Participants without ADHD set their boundaries lower to
meet this demand, whereas participants with ADHD did
not. Since we did not include different instructions stress-
ing either speed or accuracy as in the study designed by
Mulder et al. (2010) this would be a valuable direction for
future studies. Another possible explanation is that this
strategy is specific for our sample of female college stu-
dents. Female college students with ADHD might have
developed the strategy of being cautious (i.e., setting high
boundaries) to compensate for their deficits.

Participants with ADHD did not show an overall
impaired drift rate, although there was a tendency for lower
drift rates in the ADHD group. Others (Huang-Pollock
et al. 2012; Karalunas et al. 2012) have found lower drift
rates in the continuous performance test and a forced-
choice RT paradigm and have argued that this points to a
deficit in central processing, (i.e., information uptake,
memory search, and decisional processes). However, as we
found that participants with ADHD had lower drift rates
than participants without ADHD for congruent trials and
adapted their drift rate less to the conflict frequency, our
results are in line with conclusions that ADHD may be
related to deficits in central processing.

In sum, our findings showed that students with ADHD
displayed prolonged RTs accompanied by fewer errors
compared to students without ADHD. Results from diffu-
sion model analyses demonstrated that the ADHD group
leaned more toward accuracy than the group without
ADHD (i.e., setting higher boundaries), that the ADHD
group showed deficits in non-decisional processes (i.e.,
higher non-decision time), and that the ADHD group was
less able to use certain helpful information indicating
deficits in decisional processes (i.e., lower drift rates).

Differences in focused attention

Our second research question was whether female college
students with ADHD show less or more focused attention
compared to female college students without ADHD. A
highly focused attention is indicated by a small congruency
effect. To explore this in more detail, we focused on the
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interaction of group x flanker conflict. Again, when using
RT and ER, there was no interaction and hence no clear
answer. However, we found a significant group x flanker
conflict interaction on drift rate. The congruency effect in
the ADHD group was smaller (i.e., they profited less from
congruent flankers and experienced less interference from
incongruent flankers), which leads to the conclusion that
they show a more focused attention. Participants with
ADHD had a lower drift rate (i.e., were not able to extract
information as quickly as participants without ADHD),
especially on congruent trials when the flanking and target
digits were mapped on the same correct response. This
implies that the interaction was caused mainly by the
ADHD group not being able to profit from the distractors.
The finding of a more focused attention is contrary to
previous findings of children with ADHD showing a higher
congruency effect (Mullane et al. 2009). This, as well as
the finding of slightly higher boundaries, seems to be
specific for female college students with ADHD. Interest-
ingly, participants who exhibited less information uptake in
the congruent trials reported more obsessive—compulsive
behavior, » = —0.33, p = 0.05. Therefore, we assume that
the students with ADHD were cautious—showing a more
focused attention—which lead to lower information uptake
on congruent trials in which distractors are helpful for
reacting fast and accurate. This behavior might represent
obsessive—compulsive behavior in everyday life.

Differences in adaptation to conflict frequency

Our third question was whether female college students
with ADHD show less adaptation to a conflict manipulation
(20 vs. 80 % incongruent trials) compared to female col-
lege students without ADHD. The conflict frequency
manipulation had a stronger effect on RT in the ADHD
group; they slowed down more in blocks with frequent
conflict. However, since this was not qualified by a con-
gruency effect, this finding does not mean that the ADHD
group showed a higher adaptation of focused attention.
Regarding ER, the almost significant three-way interaction
of group x flanker x frequency indicated that the ADHD
group showed less adaptation of ER. Both groups had a
comparable congruency effect (i.e., incongruent minus
congruent trials) in blocks with frequent conflict, they
diverged in blocks with infrequent conflict. In these blocks,
participants with ADHD had a markedly smaller congru-
ency effect than participants without ADHD. This indicates
that, in fact, students with ADHD showed less adaptation
to conflict—or the other way round, they showed less
adaptation when there was no conflict. As discussed above,
female college students with ADHD showed more focused
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attention and did not adapt their focus of attention to task
conditions.

Regarding non-decision time and boundary separation,
we did not find an interaction of group x frequency and
therefore no differences in adaptation. The conflict fre-
quency manipulation had a stronger effect on drift rate in
participants without ADHD. They had overall higher drift
rates in the frequent conflict blocks, whereas this was not
the case for participants with ADHD (i.e., no increased
information uptake when conflict was frequent for partic-
ipants with ADHD). Overall, the adaptation to a conflict
manipulation showed that participants with ADHD dis-
played more adaptation in RTs, but less adaptation of
focused attention, which is expressed in ERs. They also
show less adaptation in drift rates. As the boundary sepa-
ration findings indicated before, participants with ADHD
put more emphasis on accuracy rather than speed, adapting
their ERs rather than the RTs. Furthermore, they do not
adapt their drift rate. Lower drift rates have been inter-
preted as deficits in the effort pool of the cognitive-ener-
getic model (Sergeant 2005) and/or the central
computational process that the effort pool feeds (i.e., pro-
cesses directly related to information accumulation and
decision making; Huang-Pollock et al. 2012, Karalunas,
et al. 2012). Therefore, a failure to adapt the drift rate can
be interpreted as an insufficient allocation of effort.
According to the cognitive-energetic model, a suboptimal
arousal or activation state can be compensated for by effort
(Van der Meere 2002). As discussed before, we found
deficient non-decisional processes (i.e., higher non-deci-
sion time) in the ADHD group but it seems that they are not
capable of compensating these by the allocation of effort
(i.e., the adaptation of drift rate).

Conflict adaptation and psychological functioning

Our fourth research question was how adaptation to conflict
is related to psychological functioning. The ADHD group
showed a similar psychological functioning as the control
group, except that the ADHD group showed more obses-
sive—compulsive behavior. This matches well with our
findings of cautious behavior in the flanker task in female
college students with ADHD. Correlations of estimates of
adaptation with questionnaires suggested that high adap-
tation of non-decision time was related to less hostility;
high adaptation of boundary separation was related to high
global impairment; and high adaptation of drift rate was
related to less global impairment. Although we checked the
correlations for outliers to make sure that they were not
influenced by single cases, these correlations have to be
interpreted with caution because double difference scores
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in a small sample can yield some methodological problems,
as, for instance, lower reliabilities and increased likelihood
of Type II errors (i.e., failure to detect the presence of a
meaningful relationship between the discrepancy score in
the sample; Edwards 2001). However, it is possible that
especially the failure of adaptation of non-decisional pro-
cesses is related to the high rates of hostility in adult ADHD
(Barkley 1996). The relationship between high adaptation of
boundary separation and high global impairment is coun-
terintuitive, since Mulder et al. (2010) showed that high
adaptation of boundary separation is related to less ADHD
symptoms and might be specific to our sample of female
college students. However, the finding that high adaptation
of drift rate is related to less general impairment matches
well with the suggestion that drift rate is a measure of effort
(Huang-Pollock et al. 2012) and that the suboptimal arousal
or activation state typical for ADHD can be compensated for
by effort (Van der Meere 2002).

In sum, our findings suggest a preference of accuracy
over speed in the ADHD group, indicated by slower RTs,
lower ERs, higher boundary separation, a more focused
attention (i.e., higher congruency effect on drift rate), more
adaptation of RTs (i.e., slowing down in blocks with high
conflict) but less adaptation of ERs and drift rate (i.e., no
heightened ERs in high conflict blocks, no heightened
information uptake). This pattern of cautious behavior is
supported by higher rates of obsessive—compulsive symp-
toms in the female college students with ADHD. Further-
more, we found deficient non-decisional processes (i.e.,
higher non-decision time) and insufficient effort allocation
(i.e., less adaptation of drift rate) in female college students
with ADHD. We suggest that these results might indicate a
compensation mechanism in female college students with
ADHD (Adler 2004; Frazier et al. 2007). To counteract
their deficient non-decisional processes (i.e., higher non-
decision time), which could be due to a nonoptimal arousal
and/or activation state and their problems with sufficiently
allocating effort (i.e., adapting drift rate to task demands),
they compensate this by trading speed of for accuracy (i.e.,
setting higher boundaries) and therefore produce less
errors. The deficient non-decisional processes and the
problem of sufficient effort allocating are typical for the
ADHD population and this has been stated in the cognitive-
energetic model (Sergeant 2005; Van der Meere 2002).
However, we assume that the compensatory strategy of
being cautious and trading speed over accuracy is unique to
the subpopulation of female college students with ADHD.

Implications for theories of ADHD
There is a discussion whether deficits in ADHD can be

conceptualized as fixed core deficits or as dynamic context-
dependent deficits (Sonuga-Barke et al. 2010). Focusing

only overt behavior (such as RT and ER) as indicators of
executive dysfunction makes it hard to say whether our
ADHD group displayed a deficit or not: They show pro-
longed RTs but, lower ERs. This finding is consistent with
the heterogeneous results of neuropsychological perfor-
mance in adults with ADHD in general (Boonstra et al.
2005; Frazier et al. 2004; Hervey et al. 2004) and college
students with ADHD in particular (Weyandt and DuPaul
2008). Such ambiguous findings stress the importance of
studying not only fixed core deficits but the adaptation to
different environmental demands (i.e., experimental
manipulation of tasks conditions) and the examination of
the underlying cognitive processes.

When using the well-established Ratcliff diffusion
model (e.g., Wagenmakers 2009) to analyze the unob-
servable cognitive processes, it becomes apparent that the
group of female college students with ADHD displays
deficits in basic processing and that they act more cau-
tiously compared to a control group, trading speed of for
accuracy. Our findings speak against a fixed core deficit in
higher-order executive functions like inhibition. Rather,
our findings suggest deficits in basic non-decisional pro-
cessing like motor preparation and a deficit in adapting
decisional processes like information uptake to task
demands. The finding of higher non-decisional time and
less adaptation of drift rate is in line with theories of
ADHD. However, the finding of higher boundary separa-
tion is not, but might be explained by compensatory
mechanisms.

Compensation

Compensation, a specific form of adaptation (Backman and
Dixon 1992), might help to understand the heterogeneity of
ADHD in adulthood. Compensation occurs when a mis-
match between internal state and environmental demands is
detected and counterbalanced by the investment of more
time or effort (drawing on normal skills), utilization of
latent (but normally inactive) skills, or acquisition of new
skills (Backman and Dixon 1992). Even more factors seem
to influence neuropsychological functioning in adults with
ADHD as compared to children, causing more heteroge-
neity in the disorder in adulthood (Boonstra et al. 2005;
Frazier et al. 2004; Hervey et al. 2004). One of these
factors might be that adults with ADHD have lived with
their disorder for several years and usually learned how to
compensate to some degree for the accompanying impair-
ments (Adler 2004; Frazier et al. 2007).

Our sample, like other samples of college students with
ADHD, showed a low rate of impairment compared to the
general ADHD population as indicated by high perfor-
mance in tests of cognitive performance and the neuro-
psychological diagnostic tests. With regard to psychological
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impairment measured with the BSI, the ADHD and the
control group only differed in obsessive-compulsive
behavior. However, compared to the control group as
implicated by their diagnosis and all of the diagnostic
questionnaires (i.e., DEX and FEDA), the ADHD group still
showed marked impairment. It seems that female college
students with ADHD are able to compensate for their deficit
in non-decisional processes and failure of adaptation to task
demands by trading speed of for accuracy (i.e., setting
higher boundaries) and therefore produce less errors. This
compensation could cause heterogeneity by disguising
deficits in less impaired individuals with ADHD, making it
look as if they had no impairment in observable processes
like RT and ER.

Implications for ADHD diagnosis and intervention

Although this is only a first finding and has to be explored
in more depth before drawing implications for general
practice of diagnostics and interventions, this study already
has intriguing implications. If, for instance, compensatory
processes in female college students with ADHD can be
replicated, these processes could disguise deficits when
using neuropsychological tasks in diagnostic procedures,
since deficits can be disguised by compensatory strategies.
Furthermore, compensatory strategies can be taught in
interventions if they prove to be helpful for individuals
with ADHD. This has been brought forward before
(Newark and Stieglitz 2010). However, we still lack
knowledge of which compensatory strategies are used by
individuals with ADHD and which of these are adaptive
and which are maladaptive. It is even possible that the
same strategy is helpful or maladaptive depending on the
frequency of use. For example, a high rate of obsessive—
compulsive behavior or a generally higher caution could
help college students with ADHD to make fewer errors and
therefore pass examinations. However, if this behavior
becomes to pronounced, it could become a comorbid
condition causing even further impairment in quality of life
over and above the ADHD symptoms.

Limitations

Certainly, our study entails several limitations. First and
foremost, the groups differed significantly in age. There is
research on the cognitive effects of aging that employs a
diffusion model analysis and reliably shows age differences
(e.g., Spaniol et al. 2011; Starns and Ratcliff 2010). Given
the age difference in our sample (mean difference of seven
years), these findings could question the conclusion drawn
in our study. However, in the two studies cited above, the
minimum mean age difference between college-aged par-
ticipants and older-aged participants was approximately
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30 years (Spaniol et al. 2011; Starns and Ratcliff 2010). To
our knowledge, there is no study in which age differences
emerged in a flanker task between young adults whose age
differences were equally small as in our sample. If age is
systematically related to the defining characteristic of
psychopathologic groups, removing variance associated
with age though an ANCOVA would remove meaningful
variance, leaving an undercharacterized grouping variable
(Miller and Chapman 2001). Therefore, it is not recom-
mended to use age as a covariate in the analyses if it is
highly related to the grouping variable and if there are
reasons why this might be the case. Thus, it is the char-
acteristic for college students with ADHD to be older
because they often take longer time till graduation, change
their study subject more often, and have more difficulties
finding the subject they are interested in as compared to
students without ADHD (Biederman et al. 1994; Krause
and Krause 2006). Students with ADHD drop out more
often from university education due to several reasons.
Primary reasons are ADHD symptoms as impulsivity and
inattention (Babinski et al. 2011); secondary reasons might
be failed examinations or homework assignments as well
as pregnancy (indeed, our data show that female students
with ADHD are more often mothers of children as com-
pared to female students without ADHD). Consequently,
we had difficulties recruiting female college students with
ADHD who are younger than 25 years old because most of
them did not receive their diagnosis at that age (i.e., in our
sample, only three participants received their diagnosis
before the age of 25 and none before the age of 20). Most
of them started to think about a diagnosis of ADHD when
repeatedly failing to finish their studies or when their
children were diagnosed with ADHD. Therefore, we
believe that our sample of female college students with
ADHD represents the population of female college students
with ADHD in Germany nowadays. As the public aware-
ness of ADHD has been raised during the last years, it
might be easier now to recruit women with ADHD that
have been diagnosed already in childhood.

A second limitation is that we did not apply a quantified
cutoff for the ADHD symptomatology or the neuropsycho-
logical tests we used. We did not use critical values to decide
whether a participant was assigned to the ADHD or to the
control group. Unfortunately, only nine participants signed
the consent to publish the neuropsychological outcomes,
whereas six participants did not reply. Hence, our groups
cannot be separated on the basis of objective criteria. How-
ever, we made our diagnosis on the basis of recent recom-
mendations by the German Medical Association (German
Medical Association 2005). Thus, we used a diagnostic
checklist but left it up to the experience of the diagnostician
to judge whether intensity of ADHD symptoms and
impairment through the symptoms is sufficient to diagnose
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ADHD. Furthermore, as recommended, we used a battery of
neuropsychological test but did not use a cutoff to include or
exclude participants. The neuropsychological data of all
participants were reviewed by the diagnostician. Since we
followed the diagnostic recommendations closely, we believe
that we made a reliable diagnosis. Even participants from the
control group underwent the extensive diagnostic procedure
to make sure that they do not have ADHD. Finally, if
quantified cutoffs for questionnaires and neuropsychological
tests would be recommended, it would be difficult to apply
those measures in college students because of an overall
higher performance (Nelson and Gregg 2012).

Third, although this study was designed to investigate
neuropsychological functions of female college students as
an understudied subgroup of adults with ADHD in particular,
it would be valuable to study other groups of participants
both with ADHD and without ADHD (e.g., females who did
not gain admittance to secondary education, male college
students). In particular, a comparison group of females with
ADHD who dropped out of school might be important to
study as one could investigate the strategic use of slow-but-
precise answers in detail (this strategy should not be pre-
valent in this particular group of women with ADHD).
However, as previous studies have demonstrated, women
with ADHD who drop out of school frequently suffer from
comorbid disorders, making it difficult to recruit this group
without confounding factors (Kessler et al. 2006).

Finally, as ADHD is a lifelong disorder, it would be
interesting to not only run cross-sectional but also longi-
tudinal studies. For instance, analyzing impairment not
only in overt behavior but also unobservable processes and
adaptation over time starting with children or adolescents
at risk and not at risk of an ADHD diagnosis promises
useful results for understanding the disorder (Biederman
et al. 2007, 2008). To study compensatory mechanisms,
longitudinal studies are indispensable, for understanding
when compensatory strategies in development emerge, and
how such mechanisms might change over time. Studying
especially populations with successful adaptations to their
disorder, such as female college students, might be a
promising endeavor for developing effective interventions
for less successful populations.

Conclusion

By implementing different conditions to investigate the
adaptation of focused attention and analyzing the data with
the Ratcliff diffusion model to study underlying processes,
the present research revealed that female college students
with ADHD show deficient non-decisional processes (i.e.,
higher non-decision time) and problems with sufficiently
allocating effort (i.e., adaptation of drift rate). Female

college students with ADHD used the cautious strategy of
trading speed for accuracy (i.e., setting higher boundaries)
and therefore produced less errors. We assume that the
deficient non-decisional processes and problems with suf-
ficiently allocating effort are typical for the ADHD popu-
lation and they are in line with theories of ADHD.
However, the strategy of trading speed of for accuracy
seems to be specific to the subgroup of female college
students with ADHD. This pattern of cautious behavior is
supported by higher rates of obsessive—compulsive symp-
toms in the female college students with ADHD and might
be interpreted as a compensation mechanism. Compensa-
tion could disguise deficits in less impaired individuals
with ADHD which would have implications for diagnosis
and intervention. Future research might want to investigate
adaptation to environmental demands and underlying pro-
cesses in other groups of participants both with and without
ADHD (e.g., females who did not gain admittance to sec-
ondary education, male college students) to study whether
this compensation mechanism is specific to the subgroup of
female college students with ADHD.

References

Adler LA (2004) Clinical presentations of adult patients with ADHD.
J Clin Psychiatry 65:8-11

American Psychiatric Association (1994) Diagnostic and statistical
manual of mental disorders, 4th edn. American Psychiatric
Association, Washington, DC

Antrop I, Roeyers H, Van Oost P, Buysse A (2000) Stimulation
seeking and hyperactivity in children with ADHD. J Child
Psychol Psychiatry 41:225-231

Babinski DE, Pelham WE, Molina BSG, Waschbusch DA, Gnagy
EM, Yu J, Sibley MH, Biswas A (2011) Women with childhood
ADHD: comparisons by diagnostic group and gender. J Psycho-
pathol Behav Assess 33:420-429

Backman L, Dixon RA (1992) Psychological compensation: a
theoretical framework. Psychol Bull 112:259-283

Bakeman R (2005) Recommended effect size statistics for repeated
measures designs. Behav Res Methods 37:379-384

Barkley RA (1996) Attention deficit hyperactivity disorder adults:
comorbidities and adaptive impairments. Psychiatry Interpers
Biol Process 37:393-401

Barkley RA (1997) Behavioral inhibition, sustained attention, and
executive functions: constructing a unifying theory of ADHD.
Psychol Bull 121:65-94

Barkley RA, Fischer M (2011) Predicting impairment in major life
activities and occupational functioning in hyperactive children as
adults: self-reported executive function (EF) deficits versus EF
tests. Dev Neuropsychol 36:137-161

Biederman J, Faraone SV, Spencer T, Wilens T, Mick E, Lapey KA
(1994) Gender differences in a sample of adults with attention
deficit hyperactivity disorder. Psychiatry Res 53:13-29

Biederman J, Petty C, Fried R, Fontanella J, Doyle AE, Seidman LJ,
Faraone SV (2006) Impact of psychometrically defined deficits
of executive functioning in adults with ADHD. Am J Psychiatry
163:1730-1738

Biederman J, Petty CR, Fried DoyleAE, Spencer T, Seidman LJ,
Gross L, Poetzl K, Faraone SV (2007) Stability of executive

@ Springer



J. Merkt et al.

function deficits into young adult years: a prospective longitu-
dinal follow-up study of grown up males with ADHD. Acta
Psychiatra Scand 116:129-136

Biederman J, Petty CR, Dolan C, Hughes S, Mick E, Monuteaux MC,
Faraone SV (2008) The long-term longitudinal course of
oppositional defiant disorder and conduct disorder in ADHD
boys: findings from a controlled 10-year prospective longitudinal
follow-up study. Psychol Med 38:1027-1036

Boonstra AM, Oosterlaan J, Sergeant JA, Buitelaar JK (2005)
Executive functioning in adult ADHD: a meta-analytic review.
Psychol Med 35:1097-1118

Botvinick MM, Braver TS, Barch DM, Carter CS, Cohen JD (2001)
Conflict monitoring and cognitive control. Psychol Rev
108:624-652

Botvinick MM, Cohen JD, Carter CS (2004) Conflict monitoring and
anterior cingulate cortex: an update. Trends Cogn Sci 8:539-546

Brickenkamp R (2002) Test d2: Aufmerksamkeits-Belastungs-Test
[d2 test of attention]. Hogrefe, Gottingen

Bush G, Frazier JA, Rauch SL, Seidmann LJ, Whalen PJ, Jenike
MA, Rosen BR, Biederman J (1999) Anterior cingulate cortex
dysfunction in attention-deficit/hyperactivity disorder revealed
by fMRI and the counting stroop. Biol Psychiatry 45:1542-1
552

Castellanos FX, Tannock R (2002) Neuroscience of attention-deficit/
hyperactivity disorder: the search for endophenotypes. Nature
Rev Neurosci 3:617-628

Castellanos FX, Sonuga-Barke EJS, Scheres A, Di Martino A, Hyde
C, Walters JR (2005) Varieties of attention-deficit/hyperactivity
disorder-related intra- individual variability. Biol Psychiatry
57:1416-1423

Coles MGH, Gratton G, Bashore TR, Eriksen CW, Donchin E (1985)
A psychophysiological investigation of the continuous flow of
human information processing. J Exp Psychol Hum Percept
Perform 11:529-552

Davidson MA (2008) ADHD in adults: a review of the literature.
J Atten Disord 11:628-641

Derogatis LR (1986) Manual for the symptom checklist 90 revised
(SCL-90-R). Derogatis, Baltimore

Derogatis LR (1993) Brief symptom inventory (BSI), administration,
scoring, and procedures manual, 3rd edn. Pearson Assessments,
Minneapolis

Derogatis LR, Cleary PA (1977) Confirmation of the dimensional
structure of the SCL-90: a study in construct validation. J Clin
Psychol 33:981-989

Donders J, Zhu J, Tulsky D (2001) Factor index score patterns in the
WAIS-III standardization sample. Assess 8:193-203

Edwards JR (2001) Ten difference score myths. Organ Res Methods
4:265-287

Eriksen CW (1995) The flanker task and response competition: a
useful tool for investigating a variety of cognitive problems. Vis
Cogn 2:101-118

Franke GH (2000) Brief symptom inventory von LR Derogatis
(Kurzform der SCL-90-R)-Deutsche Version [Brief symptom
inventory from LR Derogatis (short form of the SCL-90-R)-
German version]. Beltz Test GmbH, Gottingen

Frazier TW, Demaree HA, Youngstrom EA (2004) Meta-analysis of
intellectual and neuropsychological test performance in atten-
tion-deficit/hyperactivity disorder. Neuropsychol 18:543-555

Frazier TW, Youngstrom EA, Glutting JJ, Watkins MW (2007)
ADHD and achievement: meta-analysis of the child, adolescent,
and adult literatures and a concomitant study with college
students. J Learn Disabil 40:49-65

German Medical Association [Deutsche Arztekammer] (2005) Stel-
lungnahme zur “Aufmerksamkeitsdefizit-/Hyperaktivitétssto-
rung (ADHS)”—Langfassung—[Statement on ADHD -Long
version-]. German Medical Association, Berlin, Germany

@ Springer

Gratton G, Coles MG, Donchin E (1992) Optimizing the use of
information: strategic control of activation of responses. J Exp
Psychol Gen 121:480-506

Hervey AS, Epstein JN, Curry JF (2004) Neuropsychology of adults
with attention-deficit/hyperactivity disorder: a meta-analytic
review. Neuropsychol 18:485-503

Huang-Pollock CL, Karalunas SL, Tam H, Moore AN (2012)
Evaluating vigilance deficits in ADHD: a meta-analysis of
CPT performance. J] Abnorm Psychol 121:360-371

Jerome L, Segal A, Habinski L (2006) What we know about ADHD
and driving risk: a literature review, meta-analysis and critique.
J Can Acad Child Adolescent Psychiatry 15:105-125

Johnson KA, Robertson IH, Barry E, Mulligan A, Ddibhis A, Daly M,
Watchorn A, Gill M, Bellgrove MA (2008) Impaired conflict
resolution and alerting in children with ADHD: evidence from
the attention network task (ANT). J Child Psychol Psychiatry
49:1339-1347

Karalunas SL, Huang-Pollock CL, Nigg JT (2012) Decomposing
attention-deficit/hyperactivity disorder (ADHD)-related effects
in response speed and variability. Neuropsychol 26:684-694

Kessler RC, Adler L, Barkley R et al (2006) The prevalence and
correlates of adult ADHD in the United States: results from the
national comorbidity survey replication. Am J Psychiatry
163:716-723

Kolmogorov A (1941) Confidence limits for an unknown distribution
function. Ann Math Stat 12:461-463

Krause J, Krause H-J (2006) ADHS im Erwachsenenalter [ADHD in
Adulthood, 2nd edn], 2nd edn. Schattauer, Stuttgart

Lehle C, Hiibner R (2008) On-the-fly adaptation of selectivity in the
flanker task. Psychon Bull Rev 15:814-818

Lewis RF, Rennick PM (1979) Manual of the repeatable cognitive-
perceptual-motor battery. Axon, Grosse Pointe Park

Lu C-H, Proctor RW (1995) The influence of irrelevant location
information on performance: a review of the Simon and spatial
Stroop effects. Psychon Bull Rev 2:174-207

MacLeod CM (1991) Half a century of research on the Stroop effect:
an integrative review. Psychol Bull 109:163-203

Miller GM, Chapman JP (2001) Misunderstanding analysis of
covariance. J Abnorm Psychol 110:40-48

Mulder MJ, Bos D, Weusten JMH, Van Belle J, Van Dijk SC, Simen
P, Durston S (2010) Basic impairments in regulating the speed-
accuracy tradeoff predict symptoms of attention-deficit/hyper-
activity disorder. Biol Psychiatry 68:1114-1119

Mullane JC, Corkum PV, Klein RM, McLaughlin E (2009) Interfer-
ence control in children with and without ADHD: a systematic
review of flanker and Simon task performance. Child Neuro-
psychol 15:321-342

Nelson JM, Gregg N (2012) Depression and anxiety among transi-
tioning adolescents and college students with ADHD, dyslexia,
or comorbid ADHD/Dyslexia. J Atten Disord 16:244-254

Newark PE, Stieglitz R-D (2010) Therapy-relevant factors in adult
ADHD from a cognitive behavioural perspective. Atten Def Hyp
Disord 2:59-72

Nigg JT, Willcutt EG, Doyle AE, Sonuga-Barke EJS (2005) Causal
heterogeneity in attention-deficit/hyperactivity disorder: do we
need neuropsychologically impaired subtypes? Psychiatry Inter-
pers Biol Process 57:1224-1230

Rapport MD, Alderson RM, Kofler MJ, Sarver DE, Bolden J, Sims V
(2008) Working memory deficits in boys with attention-deficit/
hyperactivity disorder (ADHD): the contribution of central
executive and subsystem processes. J Abnorm Child Psychol
36:825-887

Ratcliff R (1978) A theory of memory retrieval. Psychol Rev
85:59-108

Richards TL, Rosen LA, Ramirez CA (1999) Psychological func-
tioning differences among college students with confirmed



Flanker performance in female students with ADHD

ADHD, ADHD by self-report only, and without ADHD. J Coll
Stud Dev 40:299-304

Sagvolden T, Johansen EB, Aase H, Russell VA (2005) A dynamic
developmental theory of attention-deficit/hyperactivity disorder
(ADHD) predominantly hyperactive/impulsive and combined
subtypes. The Behav Brain Sci 28:397-419

Sergeant J (2005) Modeling attention-deficit/hyperactivity disorder: a
critical appraisal of the cognitive-energetic model. Biol Psychi-
atry 57:1248-1255

Sergeant JA, Oosterlaan J, Van der Meere JJ (1999) Information
processing and energetic factors in attention-deficit/hyperactivity
disorder. In: Quay HC, Hogan A (eds) Handbook of disruptive
behaviour disorders. Plenum Press, New York, pp 75-104

Sonuga-Barke EJS (2002) Psychological heterogeneity in AD/HD—a
dual pathway model of behaviour and cognition. Behav Brain
Res 130:29-36

Sonuga-Barke EJS, Castellanos FX (2007) Spontaneous attentional
fluctuations in impaired states and pathological conditions: a
neurobiological hypothesis. Neurosci Biobehav Rev 31:977-986

Sonuga-Barke EJS, Wiersema JR, Van der Meere J, Roeyers H (2010)
Context-dependent dynamic processes in attention deficit/hyper-
activity disorder: differentiating common and unique effects of
state regulation deficits and delay aversion. Neuropsychol Rev
20:86-102

Spaniol J, Madden DJ, Voss A (2006) A diffusion model analysis of
adult age differences in episodic and semantic long-term
memory retrieval. J Exp Psychol Learn Mem Cogn 32:101-117

Spaniol J, Voss A, Grady CL (2008) Aging and emotional memory:
cognitive mechanisms underlying the positivity effect. Psychol
Aging 23:859-872

Spaniol J, Voss A, Bowen HJ, Grady CL (2011) Motivational
incentives modulate age differences in visual perception. Psy-
chol Aging 26:932-939

Starns JJ, Ratcliff R (2010) The effects of aging on the speed-
accuracy compromise: boundary optimality in the diffusion
model. Psychol Aging 25:377-390

Tukey JW (1977) Exploratory data analysis. Addison Wesley,
Reading

Van der Meere JJ (2002) The role of attention. In: Sandberg S (ed)
Monographs on child and adolescent psychiatry, 2nd edn.
University Press, Cambridge, pp 162-213

Van Meel CS, Heslenfeld DJ, Oosterlaan J, Sergeant JA (2007)
Adaptive control deficits in attention-deficit/hyperactivity disor-
der (ADHD): the role of error processing. Psychiatry Res
151:211-220

von Aster M, Neubauer A, Horn R (2006) Wechsler-Intelligenztest
fiir Erwachsene: Ubersetzung und Adaptation der WAIS-IIT von
David Wechsler [Wechsler intelligence test for adults: transla-
tion and adaptation of WAIS-III by David Wechsler]. Harcourt
Test Services, Frankfurt/M

Voss A, Voss J (2007) Fast-dm: a free program for efficient diffusion
model analysis. Behav Res Methods 39:767-775

Voss A, Voss J (2008) A fast numerical algorithm for the estimation
of diffusion model parameters. J Math Psychol 52:1-9

Wagenmakers EJ (2009) Methodological and empirical developments
for the ratcliff diffusion model of response times and accuracy.
Eur J Cogn Psychol 21:641-671

Wendt M, Luna-Rodriguez A (2009) Conflict-frequency affects
flanker interference: role of stimulus-ensemble-specific practice
and flanker-response contingencies. Exp Psychol 56:206-217

Wendt M, Luna-Rodriguez A, Jacobsen T (2012) Conflict-induced
perceptual filtering. J Exp Psychol Hum Percept Perform
38:675-686

Weyandt LL, DuPaul G (2008) ADHD in college students. J Atten
Disord 10:9-19

Weyandt LL, Rice JA, Linterman I, Mitzlaff L, Emert E (1998)
Neuropsychological performance of a sample of adults with
ADHD, developmental reading disorder, and controls. Dev
Neuropsychol 14:643-656

Willcutt EG, Doyle AE, Nigg JT, Faraone SV, Pennington BF (2005)
Validity of the executive function theory of attention-deficit/
hyperactivity disorder: a meta-analytic review. Biol Psychiatry
57:1336-1346

Wilson BA, Alderman N, Burgess PW, Emslie H, Evans JJ (1996)
Behavioral assessment of the dysexecutive syndrome. Thames
Valley Test Company, Bury St. Edmunds, Suffolk

Wittchen H-U, Zaudig M, Fydrich T (1997) SKID Strukturiertes
Klinisches Interview fiir DSM-IV Achse I und II Handanweisung
[SKID: structured clinical interview for DSM-1V; Axis I and II].
Hogrefe, Gottingen

World Health Organization (2009) International statistical classifica-
tion of diseases and related health problems (ICD-10), 10th
revision. World Health Organization, Geneva

Zimmermann P, Fimm B (2006) Testbatterie zur Au-
fmerksamkeitspriifung (TAP) [Testbatterie for attentional per-
formance]. Psytest, Herzogenrath

Zimmermann P, Messner C, Poser U, Sedelmeier P (1991) Ein
Fragebogen erlebter Defizite der Aufmerksamkeit (FEDA)
[Questionnaire of experienced deficits in attention]. Unpublished
Manuscript, Universitét Freiburg

@ Springer



	Flanker performance in female college students with ADHD: a diffusion model analysis
	Abstract
	Introduction
	Adaptation to environmental demands
	Adaptation of focused attention to conflict
	Exploring underlying processes
	Female college students with ADHD
	Present study

	Methods
	Design
	Participants
	Diagnostic procedure
	Participants with ADHD
	Participants without ADHD

	Experimental session procedure
	Flanker task
	Psychological functioning

	Data preparation flanker task
	The diffusion model
	Model fit
	Data analysis

	Results
	Classical analysis
	RT
	ER
	Summary

	Diffusion model analysis
	Non-decision time
	Boundary separation
	Drift rate
	Summary

	Psychological functioning
	Summary


	Discussion
	Differences in flanker performance
	Differences in focused attention
	Differences in adaptation to conflict frequency
	Conflict adaptation and psychological functioning
	Implications for theories of ADHD
	Compensation
	Implications for ADHD diagnosis and intervention
	Limitations

	Conclusion
	References


