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There is increasing evidence that timing deficits represent a primary cause of key symptoms in
ADHD. However, results in experiments on timing may vary with different methods of assessing tim-
ing competencies. The present study directly compared two central paradigms, namely, prospective
and retrospective time estimation in children with (n = 30) and without (n = 29) ADHD. In both con-
ditions, durations were estimated considerably longer by children with ADHD. Children with ADHD
significantly overestimated the real duration of the task compared to children without ADHD in the
retrospective but not in the prospective condition. In general, prospective estimates were more ac-
curate than retrospective ones. The findings corroborate the essential role that timing deficits and a
faster internal clock play in ADHD. Furthermore, the results demonstrate the importance of careful
differentiation between prospective and retrospective time estimation.

verbal time estimation

INTRODUCTION

Timing deficits may represent a primary cause of key symptoms in at-
tention deficit hyperactivity disorder (ADHD; Walg et al., 2015), which
is also of diagnostic relevance (Walg et al., 2017). Furthermore, a bet-
ter understanding of timing deficits in children is important when it
comes to supporting children with developmental dyscalculia (Tobia
et al., 2018), which tends to show comorbidity with ADHD in a subset
of cases (Morsanyi et al., 2018).

Attention deficit hyperactivity disorder is a neurodevelopmental
disorder with multiple etiologies, in particular genetic, neurological,
and environmental causes (Barkley, 2015). Generally, it is caused by the
combined effects of numerous genetic and environmental factors, each
of which have a small effect (cf. Faraone et al., 2021). Current mod-
els propose that an additive and interactive combination of multiple
neuropsychological alterations causes specific clusters of deficits that

are responsible for the clinical heterogeneity of ADHD (Willcut, 2015).

According to the triple pathway model (Sonuga-Barke et al., 2010),
deficits in inhibitory control, delay-related processes, and deficits in
temporal processing may account for the characteristics of different
subtypes. Patients with ADHD show structural and functional deficits
in brain regions that are crucially related to timing functions (Rubia,
2006). Although timing functions are intercorrelated with other execu-
tive functions, time-processing alterations appear to be an independ-
ent key deficit that is associated with the behavioral manifestations of
ADHD, especially impulsiveness and inattention (Noreika et al., 2013).

One explanatory model assumes that children with ADHD are en-
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dowed with an internal clock that runs at a higher rate than in children
with typical development (Rubia et al., 1999; Walg et al., 2015).

The sense of time is a complex concept that encompasses perceptu-
al and cognitive processes which contribute to our experience of time
and adjustments to specific environmental conditions (cf. Friedman,
2008). As such, psychological timing functions are commonly subcat-
egorized into motor timing, perceptual timing, and temporal foresight
(cf. Noreika et al., 2013). In the study of time perception, three tech-
niques, namely the production method, the reproduction method, and
the method of verbal estimation, are predominantly used. Due to the
peculiarities of certain tasks, the different methods may lead to dif-
ferent result patterns (Grondin, 2008). Factors contributing to such
differences are short versus long durations or intervals (Rammsayer,
1999), filled and unfilled intervals (Hicks et al., 1977), stimulus modal-
ity (cf. Plummer & Humphrey, 2009), and the differentiation between
two general paradigms of timing, that is, prospective and retrospective
estimation (Block et al., 2018; Grondin, 2010).

In a prospective estimation task, subjects know that a duration
judgment will be required prior to interval presentation. In a retro-
spective estimation task, subjects are asked for a judgment after dura-
tion presentation without prior warning (Hicks et al., 1976). According
to the resource allocation model of time estimation (Zakay, 1989),
most cognitive resources are allocated for temporal information dur-
ing the interval in prospective estimation. However, more resources
are allocated in retrospective estimation for nontemporal information,
for example, for a concurrent task. Therefore, the prospective interval
estimation is based on the temporal encoding of a stimulus duration.
The basis for retrospective estimation is the nontemporal information
processed during the interval and stored in memory. Therefore, retro-
spective estimation is also called “remembered duration,” whereas the
term “experienced duration” refers to prospective estimation (Block,
1990). Several studies have demonstrated that prospective judgments
are generally longer, typically more accurate, and less variable than ret-
rospective judgments (Block & Zakay, 1997), but with tasks of increas-
ing difficulty, prospective judgments shorten and retrospective ones
lengthen (Block et al., 2010). A recent study has shown that the mean
prospective estimates of routine daily activities that require a great
deal of attention were longer than the retrospective estimates, but only
58% of the adult participants made longer prospective judgments than
retrospective ones (Bisson & Grondin, 2020). In children, prospective
estimates of routine daily activities seem to be generally longer but less
accurate than retrospective judgments (Bisson et al., 2012). Therefore,
the distinction between remembered and experienced duration in ver-
bal time estimation is crucial.

There is substantial evidence that timing functions and their un-
derlying neural networks contribute to the symptoms of ADHD (Hart
et al.,, 2012). Recent studies have strengthened the case for a genuine
role of temporal processing (cf. Marx et al., 2017) and indicated that
timing deficits persist into adulthood (Barkley & Fischer, 2019; Pironti
etal., 2016). For example, a study with thorough controls for an impul-
sivity bias indicated that children with ADHD have internal clocks that
run faster than those of children without ADHD (Walg et al., 2015).

However, while both temporal processing in the range of seconds
and temporal processing in the range of milliseconds were affected by
ADHD, the specific pattern of changes was different in each of the two
time windows (Walg et al., 2015).

In studies of temporal processing in ADHD, the methods of dura-
tion discrimination, reproduction, and verbal time estimation were
commonly used for examination (Block et al., 1999, provided descrip-
tions of the methodology). In a meta-analysis of empirical studies
published after the year 2000, minors with ADHD were found to show
significant timing deficits, in particular a higher tendency for over-
estimating durations (Zheng et al., 2020). Timing deficits seem to be
present in all subtypes of ADHD (Nejati & Yazdani, 2020). According
to a review by Toplak et al. (2006), most of the studies suggested time-
processing alterations in ADHD in the form of higher discrimination
thresholds or more discrepant reproductions (typically underestima-
tions). Consistent with these findings, a recent study reported greater
difficulties in discrimination between short and long time stimuli as
well as under-reproduced time intervals in children with ADHD
(Suarez et al,, 2020). According to Carelli and Wiberg (2012), such
impairments are found in studies with duration discrimination or
duration reproduction but not in verbal time estimation. Indeed, no
significant group differences have been found in the majority of stud-
ies with prospective verbal time estimation (Barkley, Edwards et al.,
2001; Barkley, Murphy et al., 2001; Bauermeister et al., 2005; McGee
et al., 2004; Meaux & Chelonis 2003). By contrast, two other studies of
prospective verbal time estimation (Hurks & Hendriksen, 2011; Marx
etal,, 2017) found that children with ADHD made significant overesti-
mations compared to controls.

In terms of retrospective verbal time estimation, Noreika et al.
(2013) reported in a review that three studies found significantly high-
er overestimations in ADHD (Barkley, Murphy et al., 2001; Hurks &
Hendriksen, 2011; McGee et al., 2004) and four studies found no group
differences (Barkley, Edwards et al., 2001; Bauermeister et al., 2005;
Meaux & Chelonis, 2003; Smith et al., 2002). However, four of these
studies (Barkley, Murphy et al., 2001; Bauermeister et al., 2005; Meaux
& Chelonis, 2003) presented trials with different time intervals or had
used practice intervals. The time estimations in these studies were
therefore not retrospective, but prospective. A further study (Smith et
al., 2002) showed no clear indication as to whether the instruction to
estimate was given before or after duration presentation. Likewise, the
study by Hurks and Hendriksen (2011) is not really comparable as time
estimation was assessed by means of five questions (e.g., how long does
it take for fresh milk to go sour in the refrigerator?) that do not require
a judgment of the remembered duration of a sample time interval.
Thus, only one of the studies reported (McGee et al., 2004) unequivo-
cally used the method of retrospective verbal time estimation. In this
study, children with ADHD overestimated a task duration compared
to healthy controls. This result is in line with findings by Prevatt et
al. (2011), who also found that children with ADHD overestimated a
task duration compared to children without ADHD. In addition, par-
ticipants in this study had to guess in advance how many minutes they

would need to complete the task. Estimates of the ADHD group were
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significant longer than estimates of the non-ADHD group. Again, the
results are not really comparable with regard to prospective verbal time
estimation of an experienced duration as it did not require a judgment
of a given time interval.

The aim of the present study was to clarify at least some of the
inconsistencies in the present literature by directly comparing the
sense of time in children with ADHD by means of prospective and
retrospective verbal time estimation tasks. To our knowledge, this is
the first study on prospective and retrospective time estimation with a
comparable duration in children with ADHD. The comparison of these
two methods with the same time interval, the same stimulus modality,
and the same cognitive demands was intended to contribute to the sys-
tematic research of time perception in ADHD. We were interested in
the accuracy as well as potential systematic bias for longer (or shorter)
estimates. In keeping with the model of a faster internal clock in sub-
jects with ADHD (Sonuga-Barke et al., 1998; Rubia et al., 1999) and
based on our findings on nonverbal time estimation (Walg et al. 2015),

we expected overestimations in participants with ADHD.

METHODS

Participants

The study involved a total of 74 children between the ages of 10 and
14 years. All subjects were patients in a children’s rehabilitation hospi-
tal. They had a clinical diagnosis with ADHD or respiratory disease.
Children with any diagnosed comorbid psychiatric disorder were ex-
cluded from the study. The psychosomatic inpatient treatment lasted
from four to six weeks. The multidisciplinary treatment of ADHD
included cognitive training, parent training, and social skills training.
Children with respiratory disease were admitted to the hospital because
of the very low air pollution in the area surrounding the hospital. Their
treatment included walking therapy to breathe the saline air, nebulizer
training, sport therapy, and relaxation training. After the diagnostic pro-
cedure (see below), 10 children who were supposed to have ADHD were
excluded because their questionnaire scores were below the criteria for
ADHD. Likewise, three children who were supposed to have no ADHD
were excluded because their questionnaire scores met the criterion
for ADHD. One child with respiratory disease was excluded because
a comorbid depressive disorder had been diagnosed. One child in the
ADHD group was excluded during checks for statistical outliers. Thus,
after completing the diagnostic procedure, 30 children with ADHD
combined subtype and 29 children without ADHD participated in the
study. In the prospective condition, 24 boys and four girls took part,
in the retrospective condition, there were 20 boys and 11 girls. Table 1

shows the main characteristics of the groups (ADHD vs. controls).

Diagnostic Procedure

Attention deficit hyperactivity disorder (combined subtype) was diag-
nosed by experienced pediatricians or psychiatrists prior to admission
to the hospital according to European guidelines (Taylor et al., 2004).
Subjects in the control group had respiratory diseases that have no

known effects on overall cognitive functioning or time perception (cf.

TABLE 1.
‘ Characteristics of the ADHD Group and Controls

ADHD Controls Test for differences
M (SD) M (SD) t p
Age (years) 11.8(1.3) 11.9(1.4) 0.47 .75
1Q 104 (13) 106 (14) 0.46 .65
Sex ratio .
25:5 19:10 Fisher’s exact test .14

(n boys : n girls)

Kremer et al,, 2002; Fryt et al., 2013). Psychiatric comorbidity was an
exclusion criterion for either group. Prior to testing, the ADHD diag-
nosis and the absence of comorbidities were confirmed for each child.
A structured clinical interview (EPSKI; Dopfner & Petermann, 2012)
assessed diagnostic criteria for psychiatric disorders in children accord-
ing to the International Statistical Classification of Diseases and Related
Health Problems, 10th Revision (ICD-10). Individuals with any indica-
tion of comorbidity, such as affective disorder, learning disorder, or con-
duct disorder, were excluded. In addition, all participants were evaluated
with the German version of the Strengths and Difficulties Questionnaire
(SDQ; Goodman 1997; filled in by children's parents) and a shortened
form of Conners’ Rating Scales (Steinhausen 2002; filled in by clinical
staff). The SDQ consists of 25 items that assess hyperactivity/inattention,
emotional symptoms, conduct problems, peer relationship problems,
and prosocial behavior in children. The shortened form of Conners
Rating Scales contains 10 items that measure the typical symptoms of
ADHD. Scores for children in the ADHD group had to be above the cut-
off criteria for ADHD symptoms, whereas scores for the control group
had to be below criteria. Scores for all children had to be below the cutoff
values for emotional symptoms and conduct problems. Comprehensive
behavioral observations by the clinical staff further confirmed the
ADHD diagnosis. The children’s IQs were assessed with the Culture Fair
Intelligence Test (CFT 20-R; Weif3, 2006). Participants with IQs below

80 were excluded.

Experimental Procedures
Within a 2 x 2 design with group (ADHD vs. non-ADHD) and test

condition (prospective vs. retrospective estimation) as factors, children
in either group were randomly assigned to the test conditions. Time
estimation was assessed two weeks after admission to the hospital. The
assessment was conducted in an examination room for psychological
testing in the hospital. No clocks were present in the room. Care was
taken to ensure that participants had no watches or mobile phones with
them. Each child was tested individually. The assessment was conducted
by a psychologist who used a standardized instruction to explain the
tasks at hand.

All subjects provided a verbal estimate on the duration of a simple
discrimination task. During the discrimination task, short time intervals
between 50 and 500 ms were visually presented on a computer screen,
which had to be judged as either “long” or “short” by pressing a button.
The entire discrimination task had an average duration of 424 s. Due
to the individual response times, the overall duration varied between

the participants. The task duration did not differ between the two
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groups, #(57) = 1.1; p = .27. Upon completing the discrimination task,
the children were asked to estimate how long it had lasted (minutes and
seconds), which was the verbal time estimation task.

In the retrospective condition, no prior indication that a judgment of
the session duration would be required was provided. In the prospective
condition, the children were informed about the required estimation of
the duration of the discrimination task prior to testing. To ensure that
the children in the prospective condition, particularly those diagnosed
with ADHD, kept the verbal estimation task in mind, a preceding trial
in this condition was provided: A shorter discrimination task was pre-
sented in advance and the children were asked to estimate the task’s
duration. In this manner, the requirement of a verbal duration judgment
in the following test session was clarified, which made it a prospective
estimation task. No information regarding the real task duration of the
trial session was given to rule out any adjustment of estimations.

Before the beginning of the study, children and their parents had
been informed in writing about the investigation and informed con-
sent was obtained from all participants and their parents. All parts of
the study were done in accordance with the rules of the Declaration of
Helsinki.

Measures

The systematic error as well as the absolute error score were calculated
from the variable estimates to measure performance. The systematic er-
ror is the signed (+/-) difference between estimated and individual real
task duration. Therefore, this measure is sensitive to the direction of dif-
ferences (over- and underestimates). The absolute error score represents
the absolute value of the systematic error eliminating its signs, which
reflects the magnitude of a participant’s error in estimation regardless of
the direction. The lower the absolute error score, the more accurate the

estimation of the real task duration.

Analysis

After checking for outliers using Dixon’s method, a 2 x 2 analysis of
variance (ANOVA) with the factors of group (ADHD vs. control)

and condition (prospective vs. retrospective) was used. The IQs of the

groups were compared by means of ¢-tests. Any potential moderating
effect caused by a gender was checked by an exploratory ANOVA with

gender as a between-subjects factor.

RESULTS

Verbal Time Estimation

Table 2 provides an overview of all findings. As expected, there was a
strong difference in absolute error scores between the prospective and
retrospective conditions, F(1, 54) = 11.35; p = .001; n* = .17. When the
children were aware of the task beforehand, estimates were much more
precise. There was no group x condition interaction, F(1, 54) = 1.97; p =
.17; 1 = .04, suggesting that children with ADHD and controls profited
in a similar way; ADHD per se had no effect on accuracy, F(1, 54) =
0.58; p = .45; n* = .01. By contrast, there was no difference between the
prospective and the retrospective condition in terms of systematic error.

Overall, prospective and retrospective conditions combined, chil-
dren with ADHD made longer estimates than controls, F(1, 54) = 5.65;
p =.01, one-tailed; n? = .09. There was no group x condition interaction,
F(1, 54) = 0.73; p = .40; n* = .01, suggesting a consistent bias in ADHD
for longer estimates.

In the prospective condition (see Figure 1), the task duration was
underestimated by both groups. Children with ADHD gave longer
estimates (on average, 24 s fewer than the true duration) than children
without ADHD (on average, 89 seconds fewer than the true duration),
but in this condition alone, there was only a trend, F(1, 28) = 2.40; p =
.08, one-tailed; n? = .08. There was no group effect for the accuracy of
estimation, F(1, 28) = 0.27; p =.61; n* = .009.

In the retrospective condition (see Figure 2), the difference between
children with ADHD and controls was larger, F(1,25) = 3.21; p < .05 -
one tailed; n* = .11. The mean task duration of 424 s was overestimated
by an average of 66 s in the ADHD group, whereas it was underesti-
mated by approximately 73 s in the control group. Again, there was no

group effect for the absolute error score, F(1,25) = 1.81; p = .19; > =.07.

u
TABLE 2.

Systematic Error and Absolute Error Scores in Prospective and Retrospective Verbal Time Estimation for All Subjects
Combined and for Subjects With and Without ADHD in Total and in Each of the Two Conditions

Systematic error

Absolute error score

M SD ANOVA F  Effect size M SD ANOVA F  Effect size n)?

Prospective estimates (n = 31) -56 120 105 79

1.38 .02 11.35** 17
Retrospective estimates (1 = 28) -4 213 184 101
Both conditions
ADHD group (n = 30) 18 184 150 106

5.65* .09 0.34 .006
Control group (1 = 29) —-81 142 135 90
Prospective condition
ADHD group (n = 16) -24 114 98 58

2.40 .08 0.27 .009
Control group (n = 15) -89 121 113 98
Retrospective condition
ADHD group (n = 14) +66 237 209 118

3.21* 11 1.81 07
Control group (n = 14) -73 166 159 78

*p <.05; ¥p <.01
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FIGURE 1.

Average deviations of prospective estimates in percent, means

and SEM. Children with ADHD judged durations to be slightly lon-

ger than controls (systematic error, left panel). Accuracy (absolute
L error score, right panel) was remarkably similar in both groups.

FIGURE 2.

Average deviations of retrospective estimates in percent, means
and SEM. Children with ADHD judged durations to be longer than
controls (systematic error, left panel). Compared with the true du-
rations, children with ADHD were prone to overestimate, while
controls tended to underestimate. Accuracy was somewhat bet-
ter in children without ADHD, resulting in a higher absolute error
L score in the ADHD group; but there was no significant difference.

Gender and IQ

No significant gender differences were recorded in systematic errors, F(1,
57) =0.76; p = .39, or in absolute error scores, F(1, 57) = 2.98; p = .09.

There was no significant divergence in IQ scores between the
ADHD group (mean IQ = 104, SD = 13) and the control group (mean
IQ =106, SD = 14; t = .46; df = 57; p = .65). Also, there was no system-
atic effect of the covariate IQ on systematic errors, F(1, 56) = 0.03; p =
.87, or absolute error scores, F(1, 56) = 1.52; p = .22.

DISCUSSION

Children with ADHD significantly overestimated the true duration
of the task compared to children without ADHD in the retrospective,
but not in the prospective condition. There was no significant group
difference in the absolute error score in either condition. In general,
prospective estimates were considerably more accurate than retrospec-
tive ones.

More accurate estimates in children who knew that duration judg-
ments would be required subsequent to testing are consistent with earlier
studies (Block & Zakay, 1997). The higher level of accuracy may be due
to cognitive preparations for the subsequent estimation while watching
the interval in question. Such preparations may include the spontaneous
use of counting strategies by children (Wilkening et al., 1987).

While the difference between children with ADHD and children
without ADHD was not significant during prospective verbal time
estimation, there was a fairly large significant difference for retro-
spective verbal time estimation. Children with ADHD overestimated
the actual task duration by more than one minute on average, while
children without ADHD underestimated it by more than one minute.
The results underline the importance of careful differentiation between
prospective and retrospective time perception.

The results suggest that different processes underlie prospective and
retrospective time perceptions. Therefore, the findings on retrospective
estimations should not be seen within the framework of the attentional
model of prospective timing, but with regard to the contextual-change
model of retrospective timing (Zakay & Block, 2004). According to this
model, remembered duration is based on the number of contextual
changes encoded in memory during a given time interval. Increasing
contextual changes and higher stimulus complexity lead to longer re-
membered duration.

Processing speed might be a relevant executive function that con-
tributes to altered time perception in ADHD, in the prospective as well
as in the retrospective time perceptions. According to the theory of
Goddard (2000), slower processing speed in subjects with ADHD leads
to a quick pace of events and situations. In the prospective paradigm,
lower processing speed could underlie the relatively higher pacemaker
speed in ADHD according to the attentional gate model. In the retro-
spective paradigm, lower processing speed may result in a quicker pace
of events and situation. This would make concentration more difficult,
cause distractibility and, therefore, lead to a subjectively higher rate of
context changes resulting in longer remembered time durations. This
assumption is supported by a study (Walg et al., 2017) that found lower
processing speed indices rather than working memory to be related to
less accurate retrospective duration estimates in subjects with ADHD.
It is worth noting that theoretical models of ADHD have not proposed
processing speed as a component that causes the key symptoms despite
consistent findings of lower processing speed (cf. Willcut, 2015).

In everyday life, time estimation is crucial for predicting, anticipat-
ing, and responding efficiently to a variety of situations, for example,
being on time for an appointment, calculating an appropriate time for

doing homework or scheduling various other daily tasks. Findings of
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time-processing alterations in children with ADHD correspond with
their parents’ frequent reports that such children have a poor sense
of time and time-related problems in daily activities (Quartier et al.,
2010). Difficulties in retrospective time estimation in particular appear
to be related to deficits in academic functioning in the college setting
(Prevatt et al., 2011). Problems with temporal processing are still pre-
sent in adults with ADHD (Valko et al., 2010). This may account for
observed difficulties in professional life. Instruments for detecting tim-
ing deficits may enhance accuracy in ADHD diagnosis (cf. Bluschke
et al,, 2018; Gongsook et al.,, 2014). In this regard, the method of time
estimation and the measure accuracy score appear to be particularly
robust in terms of their high reliability (Marx et al., 2021). Earlier find-
ings suggest that methylphenidate has a specific effect on improving
timing deficits in ADHD (Smith et al., 2013). Recent studies have
shown that cognitive training with time-related interventions, referred
to as time-skills training, also improve everyday time management,
facilitate the carrying out daily routines, and the occupational perfor-
mance of children with ADHD (Wennberg et al., 2018; Wennberg et
al., 2021). Timing skills are related to delay aversion and to impulsivity
so that time-related trainings may reduce impulsive behaviors in chil-
dren as well (Blume et al., 2019). Therefore, improving time perception
should be given more consideration as a component in cognitive train-
ings for ADHD, for example, by means of processing speed training
or time estimation training. The latter may help to adjust the reference
memory for timing according to the attentional gate model.

The findings emphasize the consideration of timing deficits in cur-
rent models of ADHD as well as in the diagnostics and treatment of
ADHD. Altered time perception should also be accounted for in parent
training and in school settings (Ptacek et al., 2019). The faster inter-
nal clock in ADHD may result in reinforcing effects that wane more
quickly (Sagvolden et al., 2005). Therefore, immediate reinforcement
is an essential consequence for education. The consideration of these
findings in classroom management may improve student behavior
and, therefore, contribute to stress reduction for both students with
ADHD and their teachers (cf. Lauth-Lebens & Lauth, 2016).

The present study includes some limitations, in particular because
of the sample. Earlier studies indicate that depression (Msetfi et al,,
2012) or comorbid reading difficulties (Toplak et al., 2003) may im-
pair time perception. There also seem to be differences in time per-
ception between ADHD combined and ADHD inattentive subtypes
(Mullins et al., 2005). For these reasons, any kind of comorbidity was
excluded from the study. Consequently, the sample size was rather
small. Another limitation were the respiratory diseases in the control
group. In order to control the condition of the inpatient treatment,
children with respiratory diseases were chosen to take part instead of
healthy controls. To the best of our knowledge, children with respira-
tory diseases do not suffer from impairments in cognitive functioning
that might affect time perceptions of the tested duration (cf. Fryt et
al., 2013; Kremer et al., 2002). Although it is unlikely that respiratory
diseases impair the perception of a time interval of several minutes in
duration, the influence of these diseases cannot be entirely excluded. A

further limitation is that only one time interval was investigated. This

was due to the method of retrospective time estimation, which allows
for only one trial, since no prior indication that a duration judgment
would be required can be provided. In light of this, more research with

larger sample sizes and healthy controls is still necessary.

CONCLUSION

Our findings further support the presence of a faster internal clock in
children with ADHD. Furthermore, they demonstrate the importance
of differentiating carefully between prospective and retrospective time
estimation, as well as between the systematic error and the absolute
error score. While children with ADHD profited, as did the control
subjects, from having prior knowledge of the task in terms of accuracy,
the systematic error revealed their specific pattern of altered temporal
processing. Processing speed may underlie time perception alterations
that cause typical symptoms of ADHD. Therefore, theoretical models
of ADHD must account for processing speed deficits and time percep-
tion alterations and clarify their relationships within a multiple-deficits

model to contribute to a better understanding of the etiology of ADHD.
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