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Abstract

Although attention deficit hyperactivity disorder (ADHD) in adulthood is associated with marked cognitive impairment, research
on metacognition in adult ADHD is scarce. Deficits in metacognition may have a negative impact on treatment adherence, func-
tional outcomes, and everyday life. This study explores metacognition, specifically self-awareness of cognitive performance,
in adults with ADHD by combining objective and subjective assessments. Forty-seven patients with ADHD and 47 control
individuals completed a neuropsychological assessment battery including tests for attention, executive functions and memory
(objective assessment), as well as questionnaires for cognitive functioning and symptom severity (subjective assessment; self- and
informant-report). Participants evaluated their test performance of the objective assessment after test completion by selecting a
percentile rank which was subtracted from their normed test result, yielding a discrepancy score. Compared to controls, adults with
ADHD showed impairments in attention (medium effects) and memory (small and medium effects), but not in executive func-
tions. The discrepancy scores between self-evaluation and cognitive performance revealed deficits in self-awareness of attentional
functions (small effects), but not in executive functions and memory in patients with ADHD compared to controls. Discrepancy
scores between self- and informant-reports of cognitive functioning revealed no significant differences. Adults with ADHD show
impairments in metacognition in attentional functions, but may have intact metacognitive abilities in other domains. Patients with
ADHD tend to overestimate their abilities, especially in attentional functions. Subjective and objective measures of metacognition
may not correspond, highlighting the need for clinicians to not solely rely on patients’ self-report in their assessment.
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functions (Barkley and Murphy 2010; Johnson et al. 2001;
Schoechlin and Engel 2005).

An aspect related to executive functioning that has
hardly been investigated in adult ADHD is metacognition.
Colloquially, metacognition has been defined as “thinking
about thinking” or “knowing about knowing”, referring
to the understanding and regulation of our own cognition
(Krueger et al. 2011). Metacognition encompasses various
cognitive processes, such as self-awareness, self-monitor-
ing, and self-regulation (Knouse et al. 2005), which impact
adaptive behavior in various environments (Eslinger et al.
2005). Self-awareness is essential for cognitive function-
ing as it allows us to select activities that are in line with
our capabilities and recognize our limits (Williamson et al.
2010). For example with driving, it is easy to image how
dangerous a lack of self-awareness may be (i.e., driving
on the highway at night unaware of how tired one is and
falling asleep on the steering wheel). Metacognition was
found to influence coping, functional outcomes, and treat-
ment adherence in patients with dementia (Williamson
et al. 2010) and self-awareness of executive functioning
could even predict functional decline in patients with mild
cognitive impairment (Scherling 2016). In various clinical
populations, deficits in self-awareness of cognitive ability
were shown to have a negative impact on everyday life
(Rothlind et al. 2017; Torres et al. 2016), suggesting that
metacognition may be particularly relevant in the clinical
context.

Yet, research on this topic is complicated by the inherent
conundrum in studying metacognition: a deficit in metacog-
nition may be hard to detect if people are asked to evaluate
themselves, as they would not be able to do so realistically
if they indeed have a deficit in metacognition (Nelson and
Narens 1994). Therefore, self-report may not be a valid tool
for investigating self-awareness. Another strategy is asking
a close relative to evaluate the participant’s functioning.
However, this is prone to a similar set of biases as the rela-
tive’s evaluation will also be subjective (Williamson et al.
2010). Rosen and colleagues (2014) used a postdiction dis-
crepancy method to study metacognition in various clinical
conditions, such as frontotemporal dementia and patients
with HIV (Chiao et al. 2013; Rosen et al. 2010,2014; Scher-
ling 2016; Williamson et al. 2010). In this approach, the
participant’s subjective evaluation of his or her cognitive
performance on a specific neuropsychological test is com-
pared to his or her actual performance in the respective test.
This self-evaluation is done after performing the respective
test (postdiction). The advantage of this approach is that
participant’s subjective self-assessment is compared to an
(arguably) objective outside criterion. Interestingly, a deficit
in self-awareness (measured by the postdiction discrepancy
method) has been associated with reduced volume in the
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ventromedial prefrontal cortex in patients with neurodegen-
erative disease (Rosen et al. 2010). This is noteworthy as the
ventromedial prefrontal cortex was discussed as a biomarker
for ADHD (Albaugh et al. 2017), underlining the relevance
of investigating metacognitive functions in ADHD.

There are several indications of deficits in self-aware-
ness in adults with ADHD. For example, adults with
ADHD reported more severe cognitive impairment on
self-reports than what was found using performance tests
(Fuermaier et al. 2015). Possible explanations for this dis-
crepancy include limited ecological validity of the neu-
ropsychological tests, a qualitative difference between the
two approaches, and impaired metacognitive abilities of
patients with ADHD (Fuermaier et al. 2015). Although
several studies reported deficits in self-awareness and self-
reflection in adults with ADHD, these findings are based
on self-reports (Manor et al. 2012; Moerstedt et al. 2015)
or on comparing symptom ratings of patients with ADHD
with ratings made by an informant (e.g., partner or rela-
tive, Barkley et al. 2011; Jiang and Johnston 2012; Prevatt
et al. 2012). Based on self-reports, the positive illusory
bias (an overly positive evaluation of one’s competence
that is out of line with one’s actual competence) has been
well documented in children with ADHD, but received
less attention in adults with ADHD (Owens et al. 2007,
Prevatt et al. 2012). Overestimation of ADHD symptoms
were found dependent on source of information (self or
informant), which may be due to impaired self-awareness
(Barkley et al. 2011), positive illusory bias of the patient
(Barkley et al. 2011; Jiang and Johnston 2012; Knouse
et al. 2005; Prevatt et al. 2012), but also due to factors
impacting the informants’ accuracy, such as informants’
closeness to the patient and informants’ cognitive abilities
(Williamson et al. 2010).

Due to the subjective nature of self- and informant-
reports, there is a need for research on metacognition in
adult ADHD that does not solely rely on self- and inform-
ant-reports. Yet, only a few studies applied a methodology
directly connecting patients’ with ADHD subjective evalu-
ation of their cognitive functioning with their cognitive
performance (Knouse et al. 2005,2006). Knouse (2006)
investigated meta-memory in adult ADHD and found that
adults with ADHD did not differ from controls in their accu-
racy of judgement of learning, implying that in the right
circumstances, they may be as good as typically developing
individuals in judging their memory performance. Another
study investigated self-awareness of driving in adult ADHD
and found overestimations of driving abilities based on self-
reports but not based on simulator performance in adults
with ADHD compared to healthy controls (Knouse et al.
2005). It is essential to have a common metric between the
self-evaluation and outcome measures, because otherwise



Metacognition in adult ADHD: subjective and objective perspectives on self-awareness of... 941

the measurement accuracy may be questioned (Williamson
et al. 2010). This is an advantage of the postdiction dis-
crepancy method as participants evaluate their performance
relative to others of their age based on percentiles of a nor-
mal distribution, which allows for a direct comparison of
their self-evaluation with their test performance based on a
normative sample.

The present study aims to explore metacognition in adult
ADHD by employing the postdiction discrepancy method,
comparing participants’ self-evaluation to an (arguably)
objective outside criterion. Previous research on metacogni-
tion in other clinical populations found that awareness may
vary across domains (Duke et al. 2002; Scherling 2016)
and that metacognitive deficits may rely on different neural
circuits, dependent on which type of cognitive function-
ing is affected (Nelson and Narens 1994). Therefore, the
present study will investigate several cognitive domains
which are commonly affected in adult ADHD (attention,
executive functions, and memory), to elucidate whether
there are differences in metacognitive functioning across
domains. Given these points, adults with ADHD may dif-
fer from control participants in their metacognitive skills.
Based on previous research indicating that adults with
ADHD may overestimate their driving abilities (Knouse
et al. 2006), we predict adults with ADHD to be less aware
of their own cognitive deficits and therefore have a tendency
to overestimate their cognitive performance relative to con-
trols. Furthermore, we expect a difference in self-awareness
between cognitive domains for patients with ADHD relative
to controls. As almost all research on metacognitive skills
in adults with ADHD so far has relied on self- and inform-
ant accounts, we aim to explore whether any difference in
metacognition between patients and controls as measured
by the postdiction discrepancy method can also be found
by subjective accounts (self-report and informant-report) of
cognitive functioning. As previous research indicated sub-
stantial discordance between patients’ subjective evaluation
of their cognitive performance and their neuropsychologi-
cal test performance (Barkley et al. 2011; Fuermaier et al.
2015), we do not expect the information yielded from the
two sources to converge.

Method

Participants

Patients with ADHD

A total of 54 patients with ADHD participated in the

study. Patients were either referred by neurologists,
other professionals or self-referred to the SRH Clinic

Karlsbad-Langensteinbach, Germany. Each patient under-
went a structured clinical interview based on DSM 5 cri-
teria (American Psychiatric Association 2013) conducted
by clinicians of the Department of Neuropsychology at the
SRH clinic. In this interview, the clinician established a his-
tory of ADHD symptomatology in childhood as well as the
pr2005esence of current symptoms. In addition, to quantify
the extent of current and past symptoms, all participants
completed the Wender Utah Rating Scale (WURS-K; Ward
et al. 1993), as well as the ADHD Self-Rating Scale (ASR-
SAdler et al. 2006; Kessler et al. ). The WURS-K assesses
childhood ADHD symptomatology and includes 25 items on
a 5-point Likert scale with a sum score of 30 or higher sup-
porting the presence of ADHD symptoms in childhood. The
ASRS focusses on current ADHD symptoms based on DSM
diagnostic criteria (American Psychiatric Association 1994;
Rosler et al. 2008) and includes 18 items on a 4-point Likert
scale with a sum score of 18 or more indicating the presence
of current ADHD symptoms. Furthermore, the diagnostic
evaluation included objective measures such as evidence
derived from school reports and reports of failure in aca-
demic and/or occupational achievement, and comprised mul-
tiple informants when possible (e.g., employer evaluation,
partner, or parent reports). Patients were included based on
(a) willingness to participate in the study, (b) fulfilling the
diagnostic criteria of adult ADHD, and (c) being older than
18 years of age. Exclusion criteria were (a) neurological dis-
order including head injury, (b) schizophrenia or acute psy-
chosis, (¢) estimated verbal IQ below 85, and (d) noncredible
symptom reporting and performance as indicated by two
established measures of symptom and performance validity
(i.e., Groningen Effort Test, Fuermaier et al. 2016, Infre-
quency Index of the Conners Adult ADHD Rating Scale,
Conners et al. 1998; Suhr et al. 2011). Patients receiving
medical treatment for ADHD (e.g., stimulants; N=35) and/
or depression (N=12) were not excluded, as these medica-
tions are very common amongst the ADHD patient popula-
tion (Zhang et al. 2020) and excluding such patients may
render the sample less representative of ADHD patients as
a whole. Patients receiving medications for ADHD symp-
tomatology were asked not to take their medication on the
assessment day. In applying the exclusion criteria, patients
were excluded due to suspected dementia (N = 1), suspected
psychosis with lithium and quetiapine treatment (N=1), and
noncredible symptom reporting and performance (N = 3).
Furthermore, two patients were excluded as they were in
acute emotional distress and the testing situation had to be
interrupted. Characteristics of the remaining participants
are presented in Table 1 (Appendix). Of these 47 patients
with ADHD, 20 met the DSM 5 diagnostic criteria of the
predominantly inattentive symptom presentation, one met
the criteria of the hyperactive-impulsive presentation, and
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26 met the criteria of the combined presentation. Concern-
ing comorbidities, 35 patients with ADHD included in the
sample were diagnosed with one or more psychiatric condi-
tions, including mood disorders (N=25), anxiety disorders
(N=15), substance dependency (N=4), eating disorders
(N=2), personality disorders (N=2), migraine (N=2),
autism spectrum disorder (N = 1), psychosomatic complaints
(N=1), restless legs syndrome (N=1), childhood epilepsy
(N=1), obsessive compulsive disorder (N= 1), oppositional
defiant disorder (N=1), selective mutism (N=1), and essen-
tial tremor (N=1). The prevalence of comorbidities in this
patient sample is roughly in line with comorbidity preva-
lence data in other clinical adult ADHD samples (Chen et al.
2018; Cumyn et al. 2009; Kessler et al. 2006; please see
limitation section of the discussion).

Healthy individuals

One hundred and thirteen healthy individuals were recruited
based on a community sample, such as through word of
mouth and contacts of the researchers involved. Participants
were included based on willingness to participate in the
study and being older than 18 years. Exclusion criteria were
(a) neurological disorder including head injury, (b) psychi-
atric or psychological disorders, (c) past diagnosis of ADHD
and/or scoring above the cut-offs on both self-report scales
assessing current (ADHD self-rating scale) and retrospective
ADHD symptoms (Wender Utah Rating Scale), (d) medica-
tions affecting the central nervous system, (e) estimated ver-
bal IQ below 85, and (f) noncredible symptom reporting and
performance indicated by two established measures of symp-
tom (CAARS Infrequency Index) and performance validity
(GET). Consequently, 19 participants were excluded, due to
ADHD symptoms (N=11), depression and anxiety (N=3),
anxiety (N=1), borderline personality disorder (N=1), sub-
stance dependency (N=1), obsessive compulsive disorder
(N=1), and noncredible symptom reporting and perfor-
mance (N=1). To match the two groups, for each of the 47
patients with ADHD, a control participant roughly compara-
ble in demographic characteristics was selected. This selec-
tion was conducted on a case-by-case basis, by identifying
for each patient a control participant that was as similar as
possible in age, gender, 1Q, and educational level.

After matching, the two groups did not significantly dif-
fer in age (#(92)=0.415, p=0.679), gender ()(2(1) =1.54,
p=0.215), IQ (#(92)= —0.663, p=0.509), and educational
level (¢(92)=1.514, p=0.133). Supporting the diagnostic
status, patients with ADHD scored significantly higher in
current (#(91)=12.04, p <0.001) and childhood symptoma-
tology (#(91)=9.60, p <0.001), depressive symptomatology
(1(90)="17.04, p <0.001), and cognitive impairment as rated
by participants themselves (cognitive deficits questionnaire,
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self-report version, #(90)=10.41, p<0.001) and their rela-
tives (cognitive deficit questionnaire, informant-report ver-
sion, #(82)=8.48, p<0.001).

Materials

This study was part of a larger research project including
a more extensive assessment battery. This is the first study
of this project. In the following, only questionnaires and
neuropsychological tests relevant for the current study are
described.

Questionnaires
Anamnesis

A short self-made questionnaire was used to record basic
demographic information and participants’ medical his-
tory. Participants were asked to indicate their age, gender,
highest educational level achieved, occupation, history of
medical and psychological disorders, as well as any medi-
cal treatment.

Beck depression inventory

Depressive symptomatology was measured with the Beck’s
Depression Inventory (BDI, Beck et al. 1988). The BDI
includes 21 items assessing symptoms and attitudes charac-
terizing depression. Items are rated based on severity of the
symptom and range from 0 to 3, with statements indicating
varying intensity. A total score is computed by summing up
the responses to all items.

Conner’s adult ADHD rating scale

(CAARS, Conners et al. 1998) The long version of the
CAARS was used to assess adult ADHD symptomatology
based on the DSM IV criteria for ADHD and to screen for
noncredible responding (Suhr et al. 2011). The CAARS
includes 66 items to be answered on a 4-point Likert
scale (0 =not at all/never; 1 =just a little/once in a while;
2 =pretty much/often; 3 =very much/very frequently),
which can be combined into eight subscales. Of interest for
the present study was the Conners Infrequency Index (CII;
Suhr et al. 2011), which is composed of items only very
infrequently endorsed by genuine patients. A score of 21 or
higher may indicate that the participant may not respond in
a credible manner.

3.1.4. Complaints of cognitive disturbances (FLei). Self-
reported cognitive deficits were assessed with the FLei (FLei
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is an abbreviation of the German title, which translates to
“complaints of cognitive disturbances” (Beblo et al. 2010).
This questionnaire asks participants to indicate to which
extend examples of everyday manifestations of cognitive
deficits apply to them. The FLei includes 35 items scored
on a 5-point Likert scale ranging from O (never) to 4 (very
frequently). The questionnaire is divided in 4 subscales
measuring attention, executive functioning, and memory. A
sum score is computed by adding the scores of the atten-
tion, executive function and memory subscales. Both a self-
report and an informant-report version of this questionnaire
were used. The informant-report version is identical to the
self-report version with the only difference being that self-
referential personal pronouns (“I”, “my” etc.) were replaced
by third person pronouns (‘“she/he”, “her/him”, etc.).

Neuropsychological tests
Verbal intelligence estimate (vocabulary skills)

Verbal intelligence was estimated with the Multiple Choice
Vocabulary Test (MWT-B, Lehrl 1995). In this short, 37-
item test for vocabulary skills participants were asked to
select a real word which was intermixed with 4 made-up
words. Participants receives one point for each correctly
selected item, and by summing up these points, a total score
is computed, which is compared to a normative sample and
thereby transformed into an IQ score.

Selective attention

The Perception and Attention Functions: Selective Atten-
tion Test (WAFS) of the Vienna Test System (Schuhfried
2010; Sturm 2017a) was used to assess selective attention,
which refers to the ability to assign attentional resources
to a target and to inhibit reactions to distracting stimuli.
In this test, circles, squares, or triangles were presented
(1500 ms) consecutively on a computer screen. In some
cases, the figure changed to a lighter or darker shade of
gray; in most cases, the figure remained in the same shade.
This change in shade represented the target stimulus upon
which participants had to press a button as fast as possible.
Importantly, when a triangle changed shade, participants
were asked not to react. The duration of this task is 5 min.
Mean reaction time, the standard deviation of reaction
time, omission, and commission errors were registered.

Vigilance

To assess vigilance, the Perception and Attention Func-
tions: Vigilance Test of the VTS (Schuhfried 2010; Sturm

2017b) was administered. In this vigilance task, partici-
pants need to be alert over a prolonged period of time
and respond to a very infrequently occurring target. Dur-
ing this 15-min test, participants are shown squares at the
center of a computer screen. Squares are presented con-
secutively for 1500 ms each and the interstimulus inter-
val is 500 ms. The target stimulus is defined as a square
becoming darker, upon which participants had to press a
button as fast as possible. The color change may occur
after 500 ms. Notably, the target stimuli make up only 5%
of stimuli. The main variables of interest were mean reac-
tion time, standard deviation of reaction time, omission,
and commission errors.

Cognitive flexibility

The Trail Making test (TMT Langensteinbach version, Rei-
tan 1958; Rodewald et al. 2012; Schuhfried 2010) adminis-
tered through the VTS was used to measure cognitive flex-
ibility. The TMT consists of two parts, with part A mostly
assessing processing speed and Part B cognitive flexibility
(Rodewald et al. 2012). In part A, numbers (1-25) are shown
on a computer screen and the participant is requested to
connect the numbers in ascending order as fast as possible.
In part B, letters (A—L) are mixed in with numbers (1-13)
and participants are asked to alternate between clicking a
number and a letter in ascending order as fast as possible
(e.g., | —A—2—B—3—C—4—D). The reaction time of
Part A, reaction time of Part B, and a quotient (dividing
the response time of Part B by the response time of Part A)
were recorded.

Verbal fluency

Verbal fluency was assessed with the Regensburger Word
Fluency Test (RWT, Aschenbrenner et al. 2000). Within a
2-min time interval, participants had to produce as many
words as possible starting with the letter “M”. Several rules
had to be considered: (a) names (such as Maria, Michigan)
were not permitted, (b) words of the same stem (e.g., moon,
moon light, and moon cycle) were counted as one word, and
(c) perseverations of words mentioned before were counted
as errors. The number of correctly produced words was the
main variable of interest.

Working memory

The working memory test (N-Back Verbal test; N-Back) of
the VTS (Schellig and Schuri 2012; Schuhfried 2010) was
used to measure verbal working memory, which requires
participants to hold information in mind while continu-
ously updating this information. Consonants are shown
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consecutively at the center of a computer screen for 1.5 s
followed by an interstimulus interval of 1.5 s. In the 2-Back
version, participants are asked to react as fast as possible by
pressing a specific button when the current letter is the same
as the letter presented second to last (two places before, e.g.,
V —T - R - N —R, then participants should press a button
once the second R is shown). The duration of this task is
about 9 min. The sum of correct responses, omissions, and
commissions were recorded.

Planning

The Tower of London (TOL, Freiburg version) test of the
VTS (Kaller et al. 2011; Schuhfried 2010; Shallice 1982)
was employed as a measure of planning ability. In this test,
participants are presented with a three-dimensional visuali-
zation of three wooden rods and three colorful balls (blue,
yellow, and red) that need to be sorted into a specific goal
state. Participants are asked to move the balls from a start-
ing position into a goal state, which is displayed above the
task imagine, using as few moves as possible. For each set,
the minimum number of moves is displayed alongside the
goal state. The balls can only be moved under adherence
to specific rules, e.g., only one ball may be moved at a
time and the rods have different lengths and may only hold
a specific number of balls. Thus, to solve the task with as
little moves as possible, participants need to plan ahead
how to move the balls. A total of 28 sets increasing in
difficulty are presented and participants have a maximum
of 1 min to solve each set. This test takes about 16 min to
complete. The measure of interest is a score of planning
ability, which is computed by adding the number of the
sets that were solved in the minimum amount of moves
(the sets in the beginning of the test that can be solved in
three moves are counted as practice trials and not included
in the final score).

Verbal memory

To assess verbal memory, the Verbal Learning and Memory
Test (VLMT, Helmstaedter et al. 2001) was used. This test
measures several aspects of verbal memory: immediate
recall, learning, delayed recall, and delayed recognition. A
list of 15 everyday words [e.g., house, moon, river, and
(immediate recall)]. The list is read out another 4 times,
and after each reading, participants have to name as many
words as possible (learning). Afterwards, an interference
list (made of everyday words such as cherry, cloud, and
glasses) is read out and participants are asked to recall all
words they can remember. Next, without reading out the
first list again, participants are asked to recall all words
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from the first list that they can remember. After a delay of
20-30 min, participants are asked again to name all words
of the first list they can remember (delayed recall). Next,
a series of words (including the words of the first list, the
interference list and completely new words) is read out
to the participants, who have to indicate with a yes or no
whether the respective word belongs to the first list or not
(delayed recognition). For all aspects of memory, the cor-
rectly remembered words are summed up and compared
to age specific norms. The number of correctly produced
words of the first trial constitutes the score for immediate
memory, the sum of all correct words across the first five
trials represents the score for learning, the number of cor-
rect words after the delay makes up the delayed recall, and
the number of correctly recognized words of the first list
(when they are mixed in with other words) represents the
delayed recognition.

Symptom and performance validity

Credibility of patients with ADHD was assessed with two
measures of symptom and performance validity. The Con-
ners Infrequency Index (CII) was applied to detect non-
credible symptom reports of patients with ADHD (Suhr
et al. 2011). The CII is embedded in the long version of the
CAARS (Conners et al. 1998; Suhr et al. 2011, see descrip-
tion of the CAARS above) and a sum score of 21 or higher
on the CII may indicate that participants do not respond in
a credible manner.

The Groningen Effort Test (GET, Fuermaier et al. 2017a,
b; Fuermaier et al. 2016; Schuhfried 2010) is a performance
validity test specifically designed to detect noncredible cog-
nitive performance of adults with ADHD. It is based on
the principles of an embedded figures test, wherein par-
ticipants decide whether a simple target figure is contained
within a more complex figure. The response time per stimu-
lus and the number of errors per quarter were combined
into an index score, with scores > 1 indicating noncredible
performance.

Self-evaluation of cognitive test performance

A visual aid representing a normal distribution made out of
blue stick figure people was used to support the self-evalu-
ation of cognitive performance (Supplement A). Below the
bell-shaped display of people, a line is printed with numeri-
cal markings (“1” alongside with the verbal description “the
worst”, “57.°107, “25”, “50” with the description “average”,
“75”,907, “95”, “99” with the description “the best”), which
represent the percentile ranks. Importantly, the numerical
markings are unevenly spaced to match a normal distribution
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where points at the extremes are spread out much further than
points at the center. Above the normal distribution, a reminder
specifies that participants need to compare themselves with
100 people of their age. There are two versions of the visual
aid, one as described above, and the other includes two exam-
ple persons to demonstrate how to use the visual aid (Sup-
plement B). Person 1 is a female printed in red and situated a
bit to the right of the 75th percentile marking. A red arrow is
pointing at this person and underneath the description “Per-
son 1 Rank 81" is added. Person 2 is a male printed in green
located slightly to the right of the 10th percentile marking. A
green arrow with the description “Person 2 Rank 14" is printed
underneath the person.

To ensure that participants understand how to use the visual
aid, a standardized instruction was read out to the participants
( "Appendix") and both visual aids are shown to the partici-
pants. In this instruction, the rationale of a normal distribution
is explained, i.e., how most people perform averagely and are
clustered around the center of the distribution and how only
a few people perform very well or very badly and form the
extremes. It is mentioned how this relates to the numerical
markings of the percentile ranks printed underneath the visual
aid. Then, the example persons are introduced to demonstrate
the concept of percentile ranks. Participants are given an
opportunity to ask questions and given two practice questions.
To check whether the participants understood the concept of
percentile ranks, they are asked how many people perform
worse and how many people better than them given the rank
they indicated. If a wrong answer is given, the rationale of
percentile ranks is explained again.

Procedure

Before the start of the assessment, the participants read
through an information sheet and gave their written informed
consent. Each person was tested individually and no finan-
cial compensation was offered. The anamnesis was per-
formed in the beginning of the assessment, followed by the
verbal intelligence estimate. Next, the instruction of the
self-evaluation of cognitive performance was read out to
the participants and the visual aid was introduced. Once the
participants answered the practice questions appropriately,
the neuropsychological test battery was administered. To
prevent order effects, the test sequence was alternated. Five
different test sequences of the neuropsychological battery
were created for this purpose and for each participant, one
of the sequences was randomly selected. The sequences
were designed, so that in the 20-min delay of the verbal
memory test, only nonverbal tests were administered to
prevent interference with the verbal memory test. For all

neuropsychological tests, the participants completed the
respective test and then were asked to reflect on their test
performance and evaluate how well they performed rela-
tive to their same aged peers (postdiction self-evaluation
of cognitive performance). The self-evaluation questions
for each particular test were standardized ("Appendix") to
tailor them as much as possible to the task parameters. In
addition, questions were phrased to ensure that they relate to
salient characteristics of the tests, so that participants have a
clear idea what characteristics to evaluate themselves on. For
example, the question for the NBV (outcome variable: sum
of correct letters) was: “Compared to others, how well could
you remember the letters?”. After the participants had com-
pleted all neuropsychological tests, they were asked to fill in
the questionnaires. The questionnaires of the relatives of the
participants could either be filled out before the testing day
and brought along to the assessment, or filled in afterwards
and sent in. At the end of the assessment, the participants
were debriefed. The total duration of the assessment was
around 3 h per participant and included the completion of
the test battery and the questionnaires mentioned above as
well as other neuropsychological measures part of the larger
research project.

Ethics statement

Ethical approval (S-383/2010) was obtained from the ethics
committee of the medical faculty of the University of Hei-
delberg, Germany. The study was conducted in adherence
with the ethical standards of the Helsinki Declaration (7th
revision, 2013).

Statistical analysis

First, means and standard deviations of all measures of
neuropsychological test performance and self-reports of
cognitive performance (FLei) were calculated separately
for patients with ADHD and controls. As the normality
and homoscedasticity assumptions were violated in several
instances, nonparametric analyses were chosen. To establish
the presence or absence of neuropsychological deficits in
the patient group compared to controls, Mann—Whitney U
tests were computed and effect sizes were calculated. For
all analyses, the effect size Cohen’s r was chosen as it does
not rely on the normality or homoscedasticity assumptions.
According to Cohen (1988), the size of the effect was clas-
sified as small (0.1 <r<0.3), medium (0.3<r<0.5), or
strong (r>0.5). No correction of the alpha error inflation
was applied as the main goal of this study is an exploration
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of metacognition in adult ADHD, and due to this broad
focus, it seemed appropriate to investigate a number of cog-
nitive domains and functions using p <0.05. A strict alpha-
level correction such as the Bonferroni method might have
resulted in missing effects (type-2 errors), yet not applying
any correction represents an important limitation (risk of
type-1 errors) and will be elaborated on in the discussion
section. Consequently, effect sizes (independently of sig-
nificance levels) will be the basis of interpretation for the
results.

Second, discrepancy scores (DS) of neuropsychological
test performance were calculated. For all neuropsychologi-
cal tests applied, the actual percentile rank was subtracted
from the postdiction percentile rank, i.e., the percentile rank
of the actual test performance (as indicated by age-based
norms) was subtracted from the self-evaluated percentile
rank (based on the visual aid). A positive DS would indicate
that the participant overestimated his or her performance,
while a negative DS would indicate that the participant
underestimated his or her performance. To compare meta-
cognition across neuropsychological domains, DS were
grouped in domains based on which neuropsychological
functions the DS are based on. Thus, the attention domain
encompasses the DS of vigilance RT, vigilance omissions,
and selective attention. The domain of executive functions
includes the DS of processing speed, cognitive flexibility,
verbal fluency, working memory, and planning. For the
memory domain, the DS of immediate recall, learning,
delayed recall, and recognition were included. Next, mean
DS per domain were calculated by averaging each indi-
vidual DS of the functions of each domain. Furthermore, a
total DS was computed for each individual by averaging the
DS across the 3 domains. To compare patients with ADHD
and controls, the means and standard deviations for each DS
were calculated separately. Next, Mann—Whitney U tests
as well as effect sizes were computed to explore whether
patients differed from controls in their self-awareness (DS)
of cognitive performance. To assess whether there are dif-
ferences between cognitive domains, Mann—Whitney U
tests and effect sizes were calculated for the DS of the 3
individual domains as well as the total DS of cognitive
performance.

For the self-report and informant-report of cognitive perfor-
mance, DS were calculated by subtracting the self-rating from
the informant-rating for each of the Flei subscales and for the
total score. Mann—Whitney U tests and effect sizes were com-
puted to assess differences between patients with ADHD and
controls on the resulting DS. To investigate the role of depres-
sive symptomatology in self-awareness, the domain and total
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DS of neuropsychological test performance were correlated
(Spearman rank correlation coefficients) with the BDI.

Results

Descriptives of self- and informant-reports of cognitive
functioning are reported in Table 1 and of neuropsychologi-
cal test performance in Table 2 (Appendix). Compared to
controls, patients with ADHD were significantly slower in
their reaction time on the vigilance (p =0.002; r=0.315)
and selective attention (p =0.002; r=0.316) tasks and
made more omission errors in the vigilance task (p <0.001;
r=0.436). These effects were medium in size. No significant
differences were found between patients and controls on any
of the executive functioning tests (7 ranging from 0.053 to
0.181). Patients scored significantly lower than controls on
all memory functions, with small effects for immediate recall
(»p=0.021; r=0.239) and recognition (p =0.044; r=0.208)
and medium effects for learning (»p =0.002; r=0.325) and
delayed recall (p =0.002; r=0.312).

Analyses of the DS are displayed in Table 3 (Appen-
dix). Comparisons of the DS of self- and informant-report
revealed no significant differences between patients with
ADHD and controls (7: ranging from 0.003 to 0.162). The
DS of cognitive performance showed that patients with
ADHD significantly overestimate their attentional functions
(Attention DS: p=0.014; r=0.255) as compared to controls.
This effect is small. Considered individually, no statistically
significant difference was found for the omission errors on
the vigilance task. For vigilance RT and selective attention,
patients overestimated their cognitive performance with a
small effect (Vigilance RT: p=0.011; r=0.263; Selective
attention: p=. 031; r=0.224) as compared to controls. For
the executive functions (r. ranging from 0.016 to 0.121)
and memory domain DS (7. ranging from 0.023 to 0.096)
including all respective functions, no significant differences
were found between patients and controls. The number of
participants overestimating, underestimating, and correctly
estimating their performance showed that on 9 out of 12
DS of neuropsychological functions, patients with ADHD
overestimated their performance and controls overestimated
their performance on 7 out of 12 measures.

To explore whether the current findings may have been
affected by depressive symptomatology in patients with
ADHD versus controls, Spearman’s rho correlations were
computed between BDI scores and both domain DS and
total DS of neuropsychological test performance. In patients
with ADHD, a medium correlation (p =0.027; rho =0.322)
between the total DS of neuropsychological test performance
and BDI was found. The other correlations did not reach
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statistical significance (attention DS, executive functions DS
and memory DS with BDI; p values ranging from 0.084 to
0.494; rho coefficients ranging from 0.102 to 0.255). In con-
trols, none of the DS of neuropsychological test performance
correlated with the BDI (p values ranging from 0.326 to
0.925; rho coefficients ranging from 0.014 to 0.150).

Discussion

The aim of the current study was to explore metacogni-
tion in adults with ADHD. The first step was to establish
the extend of cognitive impairment in attention, executive
functions, and memory in adult patients with ADHD as
compared to controls. The results indicate that deficits
are surprisingly clear cut by domain: relative to controls,
patients with ADHD show impairments in attentional func-
tions (Table 2; medium effects) and in memory functions
(small-to-medium effects), whereas in executive func-
tions, no significant impairment was found (negligible
to small effects). These deficits in attention and memory
are in line with previous research (Schoechlin and Engel
2005). The lack of significant deficits in executive func-
tions is slightly surprising and one may speculate whether
matching patients with controls on IQ may have affected
the results, as IQ may moderate executive functioning
impairment in adults with ADHD (Antshel et al 2010).
Yet, whether or not deficits in executive functions are found
may also be highly dependent on exactly which executive
functions are tested and with which neuropsychological
tests (Thome et al. 2012). The evidence base for executive
function deficits in adults with ADHD is rather heterogene-
ous, with merely a portion of patients displaying deficits
in executive functions (e.g., 31%; Biederman et al. 2006).
Whereas only a minority of adults with ADHD may show
impairments in executive functioning tests, on self-reports
of executive functions, most adults with ADHD indicate
impairments (Barkley et al. 2011). This is mirrored in the
present study: whereas no impairment could be found on
tests of executive functions, patients rated their executive
functions as impaired.

The next step was to compare patients’ and controls’ self-
evaluation of cognitive performance with their actual per-
formance on neuropsychological tests. Adults with ADHD
were expected to differ from controls in their self-aware-
ness of cognitive performance. Significant differences were
found in self-awareness of attention but not in self-aware-
ness of executive functions or memory (Table 3). Patients
with ADHD were impaired on attentional functions rela-
tive to controls, but rated their performance on these tasks
higher than controls (small effects). It is important to note

that for the reaction time on the vigilance task, patients with
ADHD were actually more accurate in their self-evaluation
than controls (small effect). Nevertheless, if all attentional
functions are considered together, patients with ADHD
show a deficit in metacognition in the attentional domain
(small effect). For executive functions, patients with ADHD
showed no impairment in test performance and also rated
their performance similarly to controls. This extends the
findings by (Knouse et al. 2006) who found deficient self-
awareness of driving ability in adults with ADHD. The cur-
rent results suggest that this deficiency in self-awareness
of driving ability may be due to impaired self-awareness
of attentional but not executive functions. For memory,
although adults with ADHD showed impairments on all
memory tasks, they seemed aware of these deficits. This
aligns with findings by (Knouse et al. 2006), who investi-
gated meta-memory and found no difference between adults
with ADHD and controls in their judgement of learning,
implying that adults with ADHD may be able to judge
their memory performance as realistically as controls. Our
second prediction stipulated a difference in self-awareness
between cognitive domains for patients with ADHD rela-
tive to controls, and indeed, patients showed self-awareness
deficits in one domain but not in the other two domains.
Patients with ADHD and controls did not differ in their self-
awareness of executive functions and memory performance,
implying that these aspects of metacognition seem intact in
patients with ADHD. In contrast, the deficit in self-aware-
ness of attentional functions is rather striking as ADHD is
known for and characterized by attentional deficits (Hervey
et al. 2004), whereas impaired memory functioning is not
common knowledge.

Several explanations could be brought forward why
patients with ADHD showed a deficit in self-awareness
of attentional functions but not in self-awareness of
memory. First, addressing the face validity of tests, one
could argue that remembering a list of words is closer to
memory tasks of daily life (e.g., remembering which gro-
ceries to get from the supermarket) than is the response
to abstract stimuli on a computer screen to attention tasks
of daily life. Thus, increasing the face validity of the test
may facilitate participants’ self-assessment, so that they
may be able to draw from real live examples to evaluate
their cognitive performance. Moreover, the availability of
feedback may affect participants’ self-awareness of cogni-
tive performance. For example, in the memory task of the
present study, the same word list is repeatedly read out,
enabling participants to derive feedback regarding their
performance. Task parameters such as indicators of task
success and repeated exposure were shown to influence
self-awareness accuracy in nonclinical samples (Rothlind
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et al. 2017). Accordingly, the issues of face validity and
feedback may also apply to control participants (Rothlind
et al. 2017). Another aspect affecting self-awareness in
patients with ADHD may be task complexity. In more
complex tasks (e.g., Tower of London, N-Back), patients
often reported difficulties after test administration. Thus,
patients seem to be aware of the cognitive demands in
more complex tasks in that they notice they are experienc-
ing difficulties (e.g., cognitive fatigue, difficulty concen-
trating) keeping up with those demands. This may guide
them to assess their cognitive abilities more realistically.
In simple tasks, on the other hand, it may not be notice-
able for the patient that they performed poorly, and thus,
they may not be aware of any deficits. It is worth not-
ing that on most measures, (12 out of 16) patients with
ADHD showed a trend to overestimate their abilities as
compared to controls. It would be interesting to replicate
this study with a larger sample and more sensitive meas-
ures to explore this tendency of patients with ADHD to
overestimate themselves.

Finally, it was explored whether any difference in meta-
cognition between patients and controls measured by the
postdiction discrepancy method could also be found by
subjective accounts (self-report and informant-report) of
cognitive functioning. DS of subjective experience of cog-
nitive deficits based on self-report and informant-report
revealed no difference between patients with ADHD and
controls (Table 3). This implies that patients’ percep-
tions of their cognitive capabilities and their relatives
perceptions largely correspond to the perception of con-
trols and their relatives. As previous research indicated
substantial discordance between subjective (self-report)
and objective (neuropsychological testing) approaches
(Barkley et al. 2011; Fuermaier et al. 2015), we did not
expect the information yielded from the two sources to
converge. Indeed, the reduced self-awareness of patients
with ADHD of their attentional deficits that was found
with the postdiction discrepancy method was not found
on subjective accounts (self-report and informant-report)
of cognitive functioning. In extension to the finding that
executive function tests and self-reports do not seem to
converge (Barkley and Murphy 2010; Fuermaier et al.
2015), the current results indicate that informant-report
may not correspond with test performance either, as rela-
tives of patients with ADHD rated the patients’ cognitive
functioning in all domains as impaired (Table 1). Relatives
may struggle to evaluate the patient’s cognitive processes
accurately and they may rely on the patients’ reports and
outward expressions of their experience, which may not be
accurate, particularly given the current results indicating
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self-awareness deficits in attention. It would be interest-
ing for future research to investigate this in more depth,
for example by exploring whether there is a difference
in the accuracy of informants’ evaluations between more
readily observable functional outcomes and cognitive test
performance.

Clinical implications

Interestingly, a number of studies discussed the utility
of metacognitive therapy in students (Teixeira Pisacco
et al. 2018; Thompson and Thompson 1998) and adults
with ADHD (Solanto et al. 2010; Teixeira Pisacco et al.
2018; Thompson and Thompson 1998; Wasserstein and
Lynn 2001), even though it had not been established yet
whether deficits in metacognition really exist in adults
with ADHD. One may raise the question to what extend
these therapies indeed target and improve “metacogni-
tion” (Wells and Fisher 2011). Upon closer inspection,
these “metacognitive” therapies include cognitive train-
ing such as breaking down tasks, rather than targeting
metacognition (Wells and Fisher 2011). To address
metacognitive awareness, clinicians could for example
actively encourage patients to reflect on their cognitive
strengths and weaknesses. To aid this process, the clini-
cian could give the patient specific feedback on their
cognitive performance, so that the patient may adjust his
or her evaluation, as awareness of one’s deficits may be
the first step in an effective treatment trajectory (Wil-
liamson et al. 2010). To optimally target treatment to
the needs of adult patients with ADHD, it is essential to
first establish an evidence base for metacognitive func-
tioning in adults with ADHD. The current study was
one of the first steps in that direction by demonstrating
that there are indeed deficits in self-awareness in adult
ADHD and that these deficits may be domain specific.
Future research could try to identify mechanisms that
can help to compensate any deficits, possibly explor-
ing the effects of daily relevance of tasks, feedback,
and task complexity. For example, the results of this
study suggest that if feedback is available during task
execution, patients may be able to use this to adjust their
self-evaluation. In a more complex task, patients may
notice “internal feedback” of struggling with the task,
getting tired and so forth and may adjust their evalu-
ations accordingly. This could indicate that feedback
helps patients to engage in the self-monitoring aspect
of metacognition, which is worth exploring in future
research. For the clinical evaluation of patients with
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ADHD, it may be important to consider that patients
may lack awareness of their deficits in attentional tasks
and may overestimate their abilities. Therefore, if, for
example, decisions regarding driving need to be made,
clinicians may want to contemplate the combination of
deficits in self-awareness of attention functions and driv-
ing ability as well as the increased presence of unsafe
driving behaviors in adults with ADHD (Fuermaier et al.
2017a, b; Knouse et al. 2005). Once more information is
available on how metacognitive functioning is affected
in adult ADHD, metacognitive interventions could be
developed that identify individual cognitive strengths
and weaknesses, give feedback and employ strategies
that capitalize on the individuals’ cognitive strengths.
Furthermore, the current results showed a lack of cor-
respondence between subjective and objective measures
of metacognition. Given the widespread reliance on
self-report, this has direct implications for the clinical
assessment, particularly for self-reported attention defi-
cits. It may be wise for clinicians to keep in mind that
any given patient with ADHD may be unaware of their
deficits in attention and/ or overestimate their abilities
and thus may have larger impairments than what is indi-
cated based on patients’ own evaluation.

Limitations and directions for future
research

Several limitations and suggestions for future research should
be noted. Although this study aimed to explore metacogni-
tion in adults with ADHD, the scope of the methodology
covers the self-awareness (discrepancy between estimated
and actual performance) aspect of metacognition, but does
not capture the self-monitoring and self-regulation elements.
To gain a comprehensive picture of metacognitive function-
ing in adult ADHD, it may be worthwhile for future research
to explore other aspects of metacognition. As deficits in
motivation regulation have been implicated in adult ADHD
(Volkow et al. 2011), one may speculate that self-regulation
could be problematic for patients with ADHD. In addition, in
schizophrenia, metacognition and motivation seem to affect
each other (Luther et al. 2016; Tas et al. 2012), and as moti-
vation has been implicated in ADHD, it would be relevant
for future research to explore how metacognition relates to
motivation in adults with ADHD. Another limitation is the
abstract nature of cognitive tests, rendering them far removed
from peoples’ real-life experience. Even for healthy controls,
it may be hard to realistically assess their cognitive abilities
on these tests, as, for example, the DS of both patients with

ADHD as well as controls in executive function were ele-
vated, indicating that both groups were struggling to assess
their executive functions accurately. Maybe, patients with
ADHD have subtle deficits in metacognition that are present
in daily life, but may not have been captured by tests designed
to assess impairment in neuropsychological performance.
Future research could employ tasks that resemble real-life
more closely to relate self-awareness based on cognitive test-
ing to functional outcomes. Another point of concern is the
high prevalence of comorbidities in the patient group. In the
current study, 53% of patients were diagnosed with a mood
disorder and 31% with an anxiety disorder (the percentages
are not cumulative as some patients were diagnosed with
both). Research on prevalence of comorbidity in patients with
ADHD found roughly comparable figures, albeit a slightly
lower prevalence rate of depression (38-42%) and higher rate
of anxiety disorders (45-47%, Chen et al. 2018; Kessler et al.
2006). Regarding comorbidities in general, 71.9% of adults
with an ADHD diagnosis may have an additional DSM-IV-
TR axis I disorder (most commonly mood disorders and
anxiety disorders) and 50.9% a comorbid DSM-IV-TR axis
II disorder (Cumyn et al. 2009). Accordingly, the incidence
rate of comorbidities in the current sample is roughly in line
with research investigating the prevalence of comorbidities
in adult ADHD and, therefore, should not limit the general-
izability of the current results to the ADHD patient popula-
tion. It is worth noting that there may be a complex interplay
between metacognition and depressive symptomatology, and
many patients in the current sample were diagnosed with
comorbid depression. To shed light on whether the current
findings may have been confounded by depressive symptoms,
correlation analyses were conducted. No significant associa-
tion between the deficit in self-awareness of attentional func-
tions and scores on the BDI was found, indicating that the
main finding of the current study does not seem be affected
by depressive symptomatology. Some of the patients with
ADHD in the present study were treated with stimulants
and a large number of patients with antidepressants, which
may have had affected their ability to reflect on their own
performance. Future research could explore metacognitive
awareness before and after antidepressant and stimulant treat-
ment to shed light on to what extent these medications affect
patients’ self-awareness. Regarding the statistical analysis,
an important limitation is the lack of a statistical control for
alpha error inflation in multiple testing. Due to the explora-
tory nature of this paper, the authors decided not to apply
an alpha correction such as the Bonferroni method to avoid
type II errors (false negatives). This, however, comes at the
cost of risking Type I errors (false positive). It is important
to consider that results may have been affected by the size
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of the sample (N=47 for each group), which may limit gen-
eralizability. While this study serves as a first indication
of the presence of metacognitive difficulties in adults with
ADHD, a replication of this study with a larger sample and
more sensitive measures would be advisable. The selection
of neuropsychological measures also influenced the findings,
and therefore, it would be worth replicating the study with
a different selection of neuropsychological tests and ques-
tionnaires assessing the same constructs. Finally, the quasi-
experimental approach relying on matched groups comes
with concerns regarding internal validity and the conclusions
drawn should be interpreted in this light.

General conclusion

To conclude, adults with ADHD show deficits in self-aware-
ness of attentional functions, but seem to have intact meta-
cognitive awareness in memory and executive functions.
The current results indicate that face validity, feedback, and
task complexity may be important factors affecting patients’
ability to reflect on their own cognitive processes. This war-
rants further research to elucidate which factors may impede
and which factors may help patients with ADHD utilize and
improve their metacognitive skills. This information may
be applied in a clinical context to tailor treatment interven-
tions. Subjective (self- and informant-report) and objective
(DS of self-evaluated and actual test performance) accounts
of metacognition do not seem to correspond, at least not
in areas in which the patients with ADHD show deficits in
self-awareness. Furthermore, patients seem to be unaware
of their deficits in attention and have a tendency to overes-
timate their cognitive abilities, which could be important
to consider in a clinical context. Further research is needed
to investigate if patients with ADHD also have deficits in
the self-monitoring and self-regulation aspect of metacog-
nition and also how any deficits in metacognition relate to
functional outcomes and the struggles patients face in their
everyday life.
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Appendix 1

See Tables 1, 2, and 3.

Table 1 Characteristics of patients with ADHD and controls
(mean =+ standard deviation)

Patients with Controls (N=47)

ADHD (N=47)

Age (years) 35.79+11.07 34.72+13.66
Intellectual functions (IQ)* 104.36+10.89 105.85+10.90
Educational level” 1.83+1.36 1.45+1.08
Gender (female/male) 19/28 25/22

ASRS* 28.40+8.17* 10.22+6.25
WURS-K¢ 36.18+12.89* 13.50+9.62
BDI® 20.21+10.71%* 6.91+6.95
Flei Attention 26.24+8.19% 9.27+6.23
Flei Executive functions’ 21.51 +£8.13* 8.98+5.83
Flei Memory® 24.80+7.32% 11.82+6.25
Flei Total® 72.55+£21.59%  30.07+17.21
I-Flei Attention® 20.54 +£9.39* 6.47+6.21
1-Flei Executive functions® 19.50+9.00* 5.67+4.66
I-Flei Memory* 17.74 +9.40* 7.31+5.38
I-Flei Total® 57.78+25.71% 19.44+15.0

* Pairwise comparison significant at p <.001

# Multiple Choice Vocabulary Test MWT-B)

b Lower scores indicate higher educational level

¢ ASRS: ADHD self-rating scale

4 WURS-K: Wender Utah rating scale, short form
¢ Beck’s Depression Inventory

T Self-report version of the complaints of cognitive disturbances ques-
tionnaire (Flei)

¢ Informant-report version of the complaints of cognitive disturbances
questionnaire (Flei)



Metacognition in adult ADHD: subjective and objective perspectives on self-awareness of... 951

Table 2 Cognitive performance

. Measure Patients with Controls (N=47™) MW-U P Cohen’s r

bas?d on neuropsychological ADHD (N=47"™)

testing (mean =+ standard

deviation) Vigilance RT* 443.64+85.21 394.26+67.48 701.00  .002  .315
Vigilance omissions® 1.83+2.72 26+.71 629.00 .000 436
Selective attention® 401.89 +94.65 346.55 +66.94 699.50 002 316
Processing speed* 18.21+3.99 17.57+6.20 872.50 .079 181
Cognitive flexibility® 32.44+12.83 33.62+£33.20 883.00 .094 173
Verbal fluency® 15.89+4.39 17.43+6.22 932.00 191 135
Working memory® 11.39+2.70 11.98+3.49 855.50 .080 181
Planning" 15.02+3.04 15.17+3.77 1015.00 .610 .053
Immediate recall! 691+1.84 8.06+2.67 802.50 021 239
Learning/ 52.53+10.70 58.45+8.31 688.00 .002 325
Delayed recall® 11.09+2.81 12.72£2.48 708.50 002 312
Recognition' 14.06+1.26 14.55+.75 870.00 044 208

bold =significant at p <0.05

aMean reaction time in ms in the vigilance task (WAFV); "Total number of omission errors in the vigilance
task (WAFV), Mean reaction time in ms in the selective attention task (WAFS); Total response time in
seconds in the Trail Making Test Part A (TMT-A); °Total response time in seconds in the Trail Making
Test Part B (TMT-B); 'Sum of correctly produced words in the verbal fluency test (RWT); £Sum of cor-
rectly identified letters on the N-Back task (N-Back); "Composite score based on optimally solved items
in the Tower of London test (TOL); ‘Number of correctly recalled words on the first trial on the verbal
learning test (VLMT); iSum of correctly recalled words across the first five trials on the VLMT; KNumber
of correctly recalled words on the seventh trial on the VLMT; 'Number of correctly identified words on the
recognition part of the VLMT; "For the planning and working memory tasks, data of one participant was

missing (N=46)

Appendix 2 : Self-evaluation protocol

Self-evaluation

Today I will ask you to complete several tests on the com-
puter, which assess your attention and concentration. The
specific tests will be explained in more detail later on.

In addition, after each test, I will ask you to evaluate your
own performance as accurately as possible. Please compare
yourself with people of your age in the general popula-
tion. Estimate your performance for every test anew, inde-
pendent of the previous tests. Please show me your estimate
for every test by pointing on this visual aid.

Here (the assessor presents the figure shown in Appendix
A), you can see the distribution of 100 persons of your age.
On the scale below (the assessor points to the scale below
the figure in Appendix A), you can see numbers from 1 to
100, which correspond to the ranks of these 100 people.

In the tests, most people have an average performance
and thus are in the middle of the distribution (the assessor
points to the middle of the distribution in Appendix A). A few
persons perform very well (the assessor points to the right
tail of the distribution in Appendix A) and a few others very
badly (the assessor points to the left tail of the distribution
in Appendix A). Because so many people perform averagely

and only a few perform extremely well or badly, the distance
between the numbers differs in size.

For example, on this graphic (the assessor presents the
figure shown in Appendix B), you can see Person 1 in red
and Person 2 in green. Person 1 thought that she did quite
well on the test and estimated herself to be on rank 81. That
means that 19 people were better than Person 1 and 80 were
worse. Person 2 thought that he had some difficulties with
this test and because of that rated himself to be on rank 14.
That implies that 86 people were better than Person 2 and
13 were worse.

Do you have any questions about this?

To practice, please answer using the visual aid. Please
point out on the scale how you estimate your performance
compared to others of your age.

Compared to others, how well can you swim?

How many people are better than you and how many
worse? (100 in total).

Compared to others, how fast are you in a 100 m sprint?

How many people are better than you and how many
worse?
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Table 3 Discrepancy scores

(DS) of self-report and
cognitive performance
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Discrepancy scores Patients with ADHD  Controls Statistics
MW-U p Cohen’s r
Self-report (DS =raw score self-rating — raw score informant-rating?)
Attention DS 6.27+11.93 2.80+7.31 712.00 .137 .162
Executive functions DS 2.77+11.60 331+6.70 874.50 .979 .003
Memory DS 7.41+9.63 451+7.61 721.00 .160 .153
Self-report total DS 16.44+31.82 10.62+19.79 763.50 .306 .112
Neuropsychological test performance (DS = PR postdiction — PR actual performance)
Vigilance RT* N 22/22/2 16/31 /0
DS 2.91+28.97 —10.19+29.51 751.50 .011 .263
Vigilance omissions® N 31/16/0 21/25/0
DS 12.81+37.93 1.07+28.22 865.00 .097 .172
Selective attention® N 34/12/0 29/17/1
DS 22.11+£26.37 10.32+26.62 799.50 .031 .224
Attention DS DS¢ 11.74£24.57 A5+22.44 778.00 .014 .255
Processing speed® N 37/10/0 27/19/1
DS 21.28+26.53 13.96+31.03 950.00 .243 .121
Cognitive flexibility’ N 29/18/0 26/21/0
DS 14.45 £30.66 7.53+35.39 967.00 .298 .107
Verbal fluency® N 34/12/1 29/18/0
DS 9.98+16.84 5.13+22.20 981.50 .352 .096
Working memory" N 24/21/0-1.96 +£21.40 27/20/0 2.34+31.21
DS -1.96+21.40 2.34+31.21 923.00 .293 .110
Planning! N 23/22/0 27/20/0
DS 7.84+29.30 8.70+31.111037.50 .876 .016
Executive functions DS 10.37+£16.45 7.53+18.961010.50 .477 .073
Immediate recall® N 8/36/3 7/39/1
DS —20.62+22.75 —21.31+24.781074.50 .820 .023
Learning' N 18/28/1 10/ 32/5
DS —7.85+28.56 —11.23+20.741019.50 .520 .066
Delayed recall™ N 27/20/0 20/25/2
DS -1.02+£25.48 -1.09+21.07 1057.00 .719 .037
Recognition"R N 22/21/4 30/14/3
DS 2.17+27.08 6.19+25.18 981.50 .352 .096
Memory DS° —6.83+19.83 —6.86+13.211089.00 .907 .012
Test performance total DSP 5.09+14.95 37+13.69 889.50 .104 .168

DS (Self-report)=raw score self-rating — raw score informant-rating; DS (Neuropsychological test per-
formance) =percentile rank postdiction — percentile rank actual performance; N=Number of participants
overestimating/ underestimating/ perfect estimating; Bold = significant at p <0.05

2Age based percentile rank (PR) mean reaction time in ms in the vigilance task (WAFV); PPR of the total
number of omission errors in the vigilance task (WAFV), ‘PR mean reaction time in ms in the selective
attention task (WAFS); ‘Computed by averaging across all attention DS; °PR total response time in seconds
in the Trail Making Test Part A (TMT-A); ‘PR total response time in seconds in the Trail Making Test Part
B (TMT-B); #PR sum of correctly produced words in the verbal fluency test (RWT); "PR sum of correctly
identified letters on the N-Back task (N-Back); PR composite score based on optimally solved items in the
Tower of London test (TOL); ‘Computed by averaging across all executive functioning DS; PR number of
correctly recalled words on the first trial on the verbal learning test (VLMT); 'PR sum of correctly recalled
words across the first five trials on the VLMT; PR number of correctly recalled words on the seventh trial
on the VLMT; "PR number of correctly identified words on the recognition part of the VLMT °Computed
by averaging across all memory DS; PComputed by averaging across the domain DS; 9For the self-report
N =45, for informant report N =39, thus 39 discrepancy scores were calculated
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Appendix 3

WAFV

1. Compared to others, how fast were you in this test? (RT)
2. Compared to others, how accurately did you react to the
color changes? (Omission).

WAFS

Compared to others, how fast were you in this test? (RT).

T™T

1. Compared to others, how fast were you in this test? (RT
Trails A)

2. Compared to others, how fast were you in this test? (RT
Trails B)

TOL

Compared to others, how well could you solve the exer-
cises? (Planning ability).

RWT

Compared to others, how well could you generate words?
(N correct).

NBV

Compared to others, how well could you remember the
letters? (N correct).

VLMT

1. Compared to others, how well could you memorize the
words? (First trial)

2. Compared to others, how well could you learn the words
after you heard them repeatedly? (Learning sum, after
trial 5)

3. Compared to others, how well could you remember the
words? (Delayed recall)

4. Compared to others, how well could you recognize the
words, when they were mixed in with others? (Recogni-
tion)

GET

Compared to others, how accurately could you identify
the figures? (total errors).

Supplementary file 1 ( DOCX 709 kb )Supplementary file
2 (DOCX) 776 kb )

Funding Not applicable/ no funding

Availability of data and materials Data can be accessed from the
authors upon reasonable request.

Compliance with ethical standards

Conflict of interest The authors have no conflict of interest to disclose

Ethics approval Please consult the ethics statement in the method sec-
tion

Consent to participate All participants gave written informed consent
before the start of the assessment

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Adler LA, Spencer T, Faraone SV, Kessler RC, Howes MJ, Bieder-
man J, Secnik K (2006) Validity of pilot adult ADHD Self-
report scale (ASRS) to rate adult ADHD symptoms. Ann Clin
Psychiatry 18(3):145-148. https://doi.org/10.1080/1040123060
0801077

Agarwal R, Goldenberg M, Perry R, Ishak WW (2012) The quality
of life of adults with attention deficit hyperactivity disorder: a
systematic review. Innov Clin Neurosci 9:10-21

Albaugh MD, Orr C, Chaarani B, Althoff RR, Allgaier N, D’Alberto
N, Hudson K, Mackey S, Spechler PA, Banaschewski T, Briihl
R, Bokde ALW, Bromberg U, Biichel C, Cattrell A, Conrod PJ,

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/10401230600801077
https://doi.org/10.1080/10401230600801077

954

M. Butzbach et al.

Desrivieres S, Flor H, Frouin V, Gallinat J, Goodman R, Gowland
P, Grimmer Y, Heinz A, Kappel V, Martinot J, Paillere Martinot
M, Nees F, Orfanos DP, Penttila J, Poustka L, Paus T, Smolka
MN, Struve M, Walter H, Whelan R, Schumann G, Garavan H,
Potter AS (2017) Inattention and reaction time variability are
linked to ventromedial prefrontal volume in adolescents. Biol
Psychiat. https://doi.org/10.1016/j.biopsych.2017.01.003

Alderson RM, Kasper LJ, Hudec KL, Patros CHG (2013) Attention-
deficit/hyperactivity disorder (ADHD) and working memory in
adults: a meta-analytic review. Neuropsychology 27:287-302

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

American Psychiatric Association (2013) Diagnostic and statistical
manual of mental disorders: DSM-5TM, 5th edn. American Psy-
chiatric Publishing Inc, Arlington, VA, US

Antshel KM, Faraone SV, Maglione K, Doyle AE, Fried R, Seidman
LJ, Biederman J (2010) Executive functioning in high-IQ adults
with ADHD. Psychol Med 40:1909-1918

Aschenbrenner S, Tucha O, Lange KW (2000) Word fluency test.
Hogrefe, Gottingen, Germany

Barkley RA, Knouse LE, Murphy KR (2011) Correspondence and
disparity in the self- and other ratings of current and childhood
ADHD symptoms and impairment in adults with ADHD. Psychol
Assess 23:437-446

Barkley RA, Murphy KR (2011) The nature of executive function (EF)
deficits in daily life activities in adults with ADHD and their rela-
tionship to performance on EF tests. J Psychopathol Behav Assess
33:137-158

Barkley RA, Murphy KR (2010) Impairment in occupational function-
ing and adult ADHD: the predictive utility of executive function
(EF) ratings versus EF tests. Arch Clin Neuropsychol 25:157-173

Beblo T, Kunz M, Brokate B, Scheurich A, Weber B, Albert A, Richter
P, Lautenbacher S (2010) Entwicklung eines fragebogens zur sub-
jektiven einschitzung der geistigen leistungsfahigkeit (FLei) bei
patienten mit psychischen Storungen. = Construction of a ques-
tionnaire for complaints of cognitive disturbances in patients with
mental disorders. Zeitschrift fiir Neuropsychologie 21:143-151

Beck A, Steer R, Garbin M (1988) Psychometric properties of the
beck depression inventory - 25 years of evaluation. Clin Psychol
Rev 8:77-100

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 attention deficit hyperactivity
disorder. Am J Psychiatry 163:1730-1738

Chen Q, Hartman CA, Haavik J, Harro J, Klungsoyr K, Hegvik T,
Wanders R, Ottosen C, Dalsgaard S, Faraone SV, Larsson H
(2018) Common psychiatric and metabolic comorbidity of adult
attention-deficit/hyperactivity disorder a population-based cross-
sectional study. PLoS ONE 13:e0204516

Chiao S, Rosen HJ, Nicolas K, Wendelken LA, Alcantar O, Rankin
KP, Miller B, Valcour V (2013) Deficits in self-awareness
impact the diagnosis of asymptomatic neurocognitive impair-
ment in HIV. AIDS Res Hum Retrovir 29:949-956

Cohen J (1988) Statistical power analysis for the behavioral sciences.
Lawrence Erlbaum Associates, Hillsdale, NJ

Conners CK, Erhardt D, Sparrow E (1998) Conners’ adult ADHD
rating scale (CAARS): ADHD across the life span. Multi Health
Systems, Toronto

Cumyn L, French L, Hechtman L (2009) Comorbidity in adults
with attention-deficit hyperactivity disorder. Can J Psychiatry
54:673-683

Duke LM, Seltzer B, Seltzer JE, Vasterling JJ (2002) Cognitive com-
ponents of deficit awareness in Alzheimer’s disease. Neuropsy-
chology 16:359-369

@ Springer

Egeland J, Johansen SN, Ueland T (2009) Differentiating between
ADHD sub-types on CCPT measures of sustained attention and
vigilance. Scand J Psychol 50:347-354

Eslinger PJ, Dennis K, Moore P, Antani S, Hauck R, Grossman M
(2005) Metacognitive deficits in frontotemporal dementia. J
Neurol Neurosurg Psychiatry 76:1630-1635

Fuermaier A, Tucha L, Koerts J, Aschenbrenner S, Tucha O (2017a)
Vienna test system (VTS): The Groningen Effort Test (GET).
Schuhfried GmbH, Vienna, Austria

Fuermaier ABM, Fricke JA, de Vries SM, Tucha L, Tucha O (2019)
Neuropsychological assessment of adults with ADHD: a Delphi
consensus study. Appl Neuropsychol 26(4):340-354

Fuermaier ABM, Tucha L, Evans BL, Koerts J, de Waard D,
Brookhuis K, Aschenbrenner S, Thome J, Lange KW, Tucha O
(2017b) Driving and attention deficit hyperactivity disorder. J
Neural Transm 124:55-67

Fuermaier ABM, Tucha O, Koerts J, Grabski M, Lange KW, Weis-
brod M, Aschenbrenner S, Tucha L (2016) The development
of an embedded figures test for the detection of feigned atten-
tion deficit hyperactivity disorder in adulthood. PLoS ONE
11:e0164297-e0164297

Fuermaier ABM, Tucha L, Koerts J, Aschenbrenner S, Kaunzinger
I, Hauser J, Weisbrod M, Lange KW, Tucha O (2015) Cognitive
impairment in adult ADHD-perspective matters! Neuropsychol-
ogy 29:45-58

Helmstaedter C, Lendt M, Lux S (2001) Verbaler lern- und merkfae-
higkeitstest manual. Beltz Test GmbH, Goettingen, Germany

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

Jiang Y, Johnston C (2012) The relationship between ADHD symp-
toms and competence as reported by both self and others. J
Atten Disord 16:418-426

Johnson D, Epstein J, Waid L, Latham P, Voronin K, Anton R (2001)
Neuropsychological performance deficits in adults with atten-
tion deficit/hyperactivity disorder. Arch Clin Neuropsychol
16:587-604

Kaller CP, Unterrainer JM, Kaiser S, Weisbrod M, Aschenbrenner
S (2011) Vienna test system manual tower of london - freiburg
version test label TOL-F. Schuhfried GmbH, Moedling, Austria

Kessler RC, Adler L, Ames M, Demler O, Faraone S, Hiripi E,
Howes MJ, Jin R, Secnik K, Spencer T, Ustun TB, Walters EE
(2005) The world health organization adult ADHD Self-report
scale (ASRS) a short screening scale for use in the general
population. Psychol Med 35(2):245-256

Kessler RC, Adler L, Barkley R, Biederman J, Conners CK, Demler
O, Faraone SV, Greenhill LL, Howes MJ, Secnik K, Spencer T,
Ustun TB, Walters EE, Zaslavsky AM (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

Knouse LE, Paradise MJ, Dunlosky J (2006) Does ADHD in adults
affect the relative accuracy of metamemory judgments? J Atten
Disord 10:160-170

Knouse LE, Bagwell CL, Barkley RA, Murphy KR (2005) Accuracy of
self-evaluation in adults with ADHD evidence from a driving study.
J Atten Disord 8:221-234

Krueger CE, Rosen HJ, Taylor HG, Espy KA, Schatz J, Rey-Casserly C,
Kramer JH (2011) Know thyself: real-world behavioral correlates of
self-appraisal accuracy. Clin Neuropsychol 25:741-756

Lehrl S (1995) Mehrfachwahl-wortschatz-intelligenztest. Spitta-Verlag,
Ballingen, Germany

Luther L, Firmin RL, Vohs JL, Buck KD, Rand KL, Lysaker PH (2016)
Intrinsic motivation as a mediator between metacognition deficits
and impaired functioning inpsychosis. Br J Clin Psychol 55:332-347


https://doi.org/10.1016/j.biopsych.2017.01.003

Metacognition in adult ADHD: subjective and objective perspectives on self-awareness of... 955

Manor I, Vurembrandt N, Rozen S, Gevah D, Weizman A, Zalsman G
(2012) Low self-awareness of ADHD in adults using a self-report
screening questionnaire. Eur Psychiat 27:314-320

Moerstedt B, Corbisiero S, Bitto H, Stieglitz R (2015) Attention-deficit/
hyperactivity disorder (ADHD) in adulthood: concordance and dif-
ferences between Self- and informant perspectives on symptoms and
functional impairment. PLoS ONE 10:¢0141342

Mueller A, Hong DS, Shepard S, Moore T (2017) Linking ADHD to
the neural circuitry of attention. Trends Cognit Sci. https://doi.
org/10.1016/j.tics.2017.03.009

Nelson TO, Narens L (1994) Why investigate metacognition? In: Met-
calfe J, Shimamura AP (eds) Metacognition: knowing about know-
ing. The MIT Press, Cambridge, MA, US, pp 1-25

Owens JS, Goldfine ME, Evangelista NM, Hoza B, Kaiser NM (2007)
A critical review of self-perceptions and the positive illusory bias
in children with ADHD. Clin Child Fam Psychol Rev 10:335-351

Prevatt F, Proctor B, Best L, Baker L, Van Walker J, Taylor NW (2012)
The positive illusory bias: does it explain self-evaluations in college
students with ADHD? J Atten Disord 16:235-243

Reitan RM (1958) The validity of the trail making test as an indicator of
organic brain damage. Percept Mot Skills 8:271-276

Rodewald K, Bartolovic M, Debelak R, Aschenbrenner S, Weisbrod M,
Roesch-Ely D (2012) Eine Normierungsstudie eines modifizierten
Trail Making Tests im deutschsprachigen Raum. Zeitschrift fiir Neu-
ropsychologie 23:37-48

Rosen HJ, Alcantar O, Zakrzewski J, Shimamura AP, Neuhaus J, Miller
BL (2014) Metacognition in the behavioral variant of frontotemporal
dementia and Alzheimer’s disease. Neuropsychology 28:436-447

Rosen HJ, Alcantar O, Rothlind J, Sturm V, Kramer JH, Weiner M, Miller
BL (2010) Neuroanatomical correlates of cognitive self-appraisal in
neurodegenerative disease. Neuroimage 49:3358-3364

Rosler M, Retz-Junginger P, Retz W, Stieglitz R (2008) Homburger
ADHS-Skalen fiir Erwachsene. Hogrefe, Gottingen, Germany,
Untersuchungsverfahren zur syndromalen und kategorialen Diag-
nostik der Aufmerksamkeitsdefizit-/Hyperaktivititsstorung (ADHS)
im Erwachsenenalter

Rothlind J, Dukarm P, Kraybill M (2017) Assessment of Self-awareness
of cognitive function: correlations of self-ratings with actual per-
formance ranks for tests of processing speed, memory and execu-
tive function in Non-clinical samples. Arch Clin Neuropsychol
32:316-327

Schellig D, Schuri U (2012) Vienna test system manual N-back verbal
test label NBV. Schuhfried, Moedling, Austria

Scherling CS (2016) Decreased self-appraisal accuracy on cognitive tests
of executive functioning is a predictor of decline in mild cognitive
impairment. Front Aging Neurosci. https://doi.org/10.3389/fnagi
.2016.00120

Schoechlin C, Engel R (2005) Neuropsychological performance in adult
attention-deficit hyperactivity disorder: meta-analysis of empirical
data. Arch Clin Neuropsychol 20:727-744

Schuhfried, (2010) Vienna test system: psychological assessment. Schuh-
fried GmbH, Moedling, Austria

Shallice T (1982) Specific impairments of planning. philosophical Trans-
actions of the Royal Society of London.B. Biol Sci 298:199-209

Simon V, Czobor P, Balint S, Meszaros A, Bitter I (2009) Prevalence
and correlates of adult attention-deficit hyperactivity disorder: meta-
analysis. BrJ Psychiatry 194:204-211

Solanto MV, Marks DJ, Wasserstein J, Mitchell K, Abikoff H, Alvir JMJ,
Kofman MD (2010) Efficacy of meta-cognitive therapy for adult
ADHD. Am J Psychiatry 167:958-968

Sturm W (2017a) Vienna test system manual perception and attention
functions: selective attention test label WAFS. Schuhfried GmbH,
Moedling, Austria

Sturm W (2017b) Vienna test system manual perception and attention
functions: vigilance test label WAFV. Schuhfried, Moedling, Austria

Suhr JA, Buelow M, Riddle T (2011) Development of an infrequency
index for the CAARS. J Psychoeduc Assess 29:160-170

Tas C, Brown EC, Esen-Danaci A, Lysaker PH, Bruene M (2012)
Intrinsic motivation and metacognition as predictors of learning
potential in patients with remitted schizophrenia. J Psychiatr Res
46:1086-1092

Teixeira Pisacco NM, Spindler Sperafico YL, Bianchi Enricone JR, Pinto
Guimaraes LS, Rohde LA, Dorneles BV (2018) Metacognitive inter-
ventions in text production and working memory in students with
ADHD. Psicol -Reflex Crit 31:5

Thompson L, Thompson M (1998) Neurofeedback combined with train-
ing in metacognitive strategies: effectiveness in students with ADD.
Appl Psychophysiol Biofeedback 23:243-263

Thome J, Ehlis AC, Fallgatter AJ, Krauel K, Lange KW, Riederer P,
Romanos M, Taurines R, Tucha O, Uzbekov M, Gerlach M (2012)
Biomarkers for attention-deficit/hyperactivity disorder (ADHD). A
consensus report of the WESBP task force on biological markers and
the world federation of ADHD. World J Biol Psychiatry 13:379-400

Torres 1J, Mackala SA, Kozicky J, Yatham LN (2016) Metacognitive
knowledge and experience in recently diagnosed patients with bipo-
lar disorder. J Clin Exp Neuropsychol 38:730-744

Tucha L, Tucha O, Walitza S, Sontag TA, Laufkoetter R, Linder M, Lange
KW (2009) Vigilance and sustained attention in children and adults
with ADHD. J Atten Disord 12:410-421

Tucha O, Mecklinger L, Laufkétter R, Klein HE, Walitza S, Lange KW
(2006) Methylphenidate-induced improvements of various measures
of attention in adults with attention deficit hyperactivity disorder. J
Neural Transm 113:1575-1592

Volkow ND, Wang G, Newcorn JH, Kollins SH, Wigal TL, Telang F,
Fowler JS, Goldstein RZ, Klein N, Logan J, Wong C, Swanson JM
(2011) Motivation deficit in ADHD is associated with dysfunction
of the dopamine reward pathway. Mol Psychiatry 16:1147-1154

Ward MF, Wender PH, Reimherr FW (1993) The wender utah rating-
scale: an aid in the retrospective diagnosis of childhood attention-
deficit hyperactivity disorder. Am J Psychiatry 150:885-890

Wasserstein J, Lynn A (2001) Metacognitive remediation in adult ADHD
- Treating executive function deficits via executive functions. Ann
NY Acad Sci 931:376-384

Wells A, Fisher P (2011) Meta-cognitive therapy without metacognition:
a case of ADHD. Am J Psychiatry 168:327-327

Williamson C, Alcantar O, Rothlind J, Cahn-Weiner D, Miller BL, Rosen
HJ (2010) Standardised measurement of self-awareness deficits in
FTD and AD. J Neurol Neurosurg Psychiatry 81:140-145

Zhang L, Reif A, Du Rietz E, Lagerberg T, Butwicka A, D’Onofrio BM,
Johnell K, Pedersen NL, Larsson H, Chang Z (2020) Comedication
and polypharmacy with ADHD medications in adults a Swedish
nationwide study. J Atten Disord 10:87054720923725

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.tics.2017.03.009
https://doi.org/10.1016/j.tics.2017.03.009
https://doi.org/10.3389/fnagi.2016.00120
https://doi.org/10.3389/fnagi.2016.00120

	Metacognition in adult ADHD: subjective and objective perspectives on self-awareness of cognitive functioning
	Abstract
	Introduction
	Method
	Participants
	Patients with ADHD
	Healthy individuals


	Materials
	Questionnaires
	Anamnesis
	Beck depression inventory
	Conner’s adult ADHD rating scale

	Neuropsychological tests
	Verbal intelligence estimate (vocabulary skills)
	Selective attention
	Vigilance
	Cognitive flexibility
	Verbal fluency
	Working memory
	Planning
	Verbal memory
	Symptom and performance validity

	Self-evaluation of cognitive test performance

	Procedure
	Ethics statement
	Statistical analysis
	Results
	Discussion
	Clinical implications
	Limitations and directions for future research
	General conclusion
	References




