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Time perception deficit has been demonstrated in children with attention deficit
hyperactivity disorder (ADHD) by using time production and time reproduction tasks. The
impact of motor demand, however, has not yet been fully examined. The current study,
which is reported herein, aimed to investigate the pure time perception of Chinese children
with ADHD by using a duration discrimination task. A battery of tests that were specifically
designed to measure time perception and other related abilities, such as inhibition,
attention, and working memory, was administered to 40 children with ADHD and to 40
demographically matched healthy children. A repeated measure MANOVA indicated that
childrenwith ADHD showed significantly higher discrimination thresholds than did healthy
controls, and there was an interaction effect between group and duration. Pairwise
comparison indicated that children with ADHD were less accurate in discriminating
duration at either target duration. Working memory (Corsi blocks task) was related to the
discrimination threshold at a duration of 800ms after controlling for full-scale IQ (FIQ) in the
ADHD group, but this did not survive the Bonferroni correction. The results indicated that
children with ADHD may have perceptual deficits in time discrimination. They needed a
greater difference between the comparison and target intervals to discriminate the short,
median, and long durations reliably. This study provides further support for the existence of
a generic timeperceptiondeficit,which is probably due to the involvement of a dysfunctional
fronto–striato–cerebellar network in this capacity, especially the presence of deficits in basic
internal timing mechanisms.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Time perception, which comprises multiple component pro-
cesses, is an important function that facilitates the ability to
predict, anticipate, and respond efficiently to coming events.
Attention deficit hyperactivity disorder (ADHD) is one of the
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pervasive cognitive developmental disorders and is character-
ized by levels of inattention, hyperactivity, and impulsivity that
are age-inappropriate. Time perception deficit has been hy-
pothesized in models of ADHD. The most common model of
behavioral inhibition argues that poor inhibition and interfer-
ence control affect working memory, which consequently
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Table 1 – Summary of demographic characteristics and cognitive measures of the children with ADHD and controls

Measure ADHD (N=40) Controls (N=40) F/X2 p-
values

Cohen's
d

Mean SD Mean SD

Demographic indexes
Age (years) 8.46 1.63 8.63 1.37 0.233 NS
Education (years) 2.75 1.48 2.63 1.28 0.164 NS
Gender (male) 32 80% 34 85% 0.346 NS
Handedness (right) 24 60% 21 52.5% 1.608a NS
CPRS hyperactivity index 135 0.50 0.18 0.28 60.312 b0.001 2.89
CTRS hyperactivity index 1.38 0.66 0.27 0.38 41.923 b0.001 2.06
CBCL raw score 61.24 25.28 10.93 14.10 52.51 b0.001 2.46

Cognitive measures
FIQ 99.32 12.1 108.3 11.94 10.89 0.001 0.75
Digit span backwards 3.15 0.98 3.95 1.2 10.74 0.002 0.73
Corsi block task (CBT) 3.7 0.91 4.6 0.81 21.79 b0.001 1.04
SART omission error 14.2 8.01 8.5 6.49 11.97 0.001 0.78
SART commission error 14.07 3.71 13.41 4.31 0.526 NS 0.16
SART Go-RT 405.46 113.56 362.5 82.97 3.67 NS 0.43

Response variability 0.55 0.16 0.53 0.3 0.188 NS 0.08

a Fisher's exact test.
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affects temporal processing (Barkley, 1997). According to the
delay aversion model, the primary deficit in ADHD is a
preference for an immediate reward or an aversion to delay
(Sonuga-Barke, 2003). The brain areas that are involved in time
perception have consistently been implicated in the patho-
physiologyofADHD (Castellanos et al., 2002;Durstonet al., 2004;
Giedd et al., 2001; Kim et al., 2002). Empirical evidence has
shown that children with ADHD manifest deficits in time
production (Van Meel et al., 2005), time reproduction (Barkley
et al., 2001a,b; Kerns et al., 2001; Meaux and Chelonis, 2003;
Smith et al., 2002; Sonuga-Barke et al., 1998; Toplak et al., 2003;
West et al., 2000), and motor timing tasks (Rubia et al., 2003,
1999).

The impact ofmotor demands, however, is a critical variable
in the study of time perception in ADHD. The organization of
motor output is heavily dependent on the representation of
time in the brain, and motor difficulties also characterize
individuals with ADHD (Carte et al., 1996; Riordan et al., 1999).
Time perception and motor coordination share the same
underlying neural system, which is the predominantly right
hemispheric fronto–striato–cerebellar network (Smith et al.,
2003). Unlike time production and reproduction tasks, duration
discrimination tasks can minimize the motor demands of
timing performance and have no speeded responding. They
are based on forced-choice judgments and are used to de-
termine the idiosyncratic threshold at which intervals that
differ by severalmilliseconds (ms) can be perceived as different.
Few studies have explored time perception deficit in children
Table 2 –Means, standardized deviations of discrimination thre

Duration
(ms)

ADHD Control Effect
sizes Cohen's d

Mean±SD Mean±SD G

300 58.27±21.17 45.05±19.23 0.65 53.
800 134.93±40.17 105.94±35.61 0.76
1200 193.83±52.43 132.70±52.17 1.17
with ADHD by using a duration discrimination task, and the
results that have been obtained are inconsistent (Smith et al.,
2002; Radonovich andMostofsky, 2004; Rubia et al., 1999; Toplak
et al., 2003; Toplak and Tannock, 2005). Some researchers have
suggested that the processing of short intervals (less than 1 s)
may be more related to an internal timing mechanism or
cerebellar process, whereas that of longer intervals (1 s or
greater) may be more related to the working memory process
(Ivry, 1996; Mangels et al., 1998; Rammsayer, 1999). The
attentional-gate model predicts that when intervals exceed
the range that is relevant for typical sensory events, greater
demands are placed on other cognitive functions such as
sustained attention and working memory (Mangels and Ivry,
2001). The duration discrimination task, however, requires a
comparison between two successive duration stimuli, and
subjects have to maintain the presentation of the duration
stimuli in the workingmemory tomake a decision. Data on the
variability of interval timing froma reviewbyGibbonetal. (1997)
showed that coefficients of variation for a given task remain
roughly constant between 0.1 s and 1.5 s. The aim of the study
that is described here was to explore the relationship between
neurocognitive functions, such as working memory, attention,
inhibition, and time perception, and to extend the findings of
time perception impairment in Chinese children with ADHD by
using a duration discrimination task with 300, 800, and 1200 ms
intervals to represent short, median, and long durations. Based
onprevious findings,weexpected to findanassociationbetween
working memory and time perception and group differences
sholds, and results of repeated measures of MANOVAs

MANOVA F (p-value) Pairwise
comparison

roup (G) Duration (D) G×D F p-value

268 (b0.001) 161.16 (b0.001) 7.575 (0.002) 8.552 0.005
11.663 0.001
28.376 b0.001



Table 3 – Relationship between duration of discrimination thresholds and cognitive measures after controlling for FIQ

Groups Target durations
(ms)

Digit span
backwards

Corsi blocks
task

Omission errors
of C-SART

Commission errors
of C-SART

ADHD 300 −0.154 −0.053 0.084 0.122
800 −0.158 −0.327a 0.022 0.143

1200 −0.16 −0.009 0.073 −0.118
Controls 300 0.179 −0.058 −0.035 −0.136

800 0.119 −0.159 −0.063 −0.099
1200 −0.108 0.17 0.052 0.157

a p-valueb0.05; ms: millisecond.
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between ADHD children and healthy controls on the duration
discrimination task.
2. Results

2.1. Demographic, clinical, and neurocognitive measure
characteristics

As shown in Table 1, there were no significant group
differences in age (F[1,78]=0.233, pN0.05), number of years of
education (F[1,78]=0.164, pN0.05), sex distribution (chi-
square=0.346, pN0.05), or handedness distribution (Fisher's
exact testN0.05). Children with ADHD had lower full-scale IQs
(FIQ) than did the healthy controls (F[1,76]=10.89, p=0.001).
The scores on the Connors Parent and Teacher Rating Scales
(CRS-R) and the Parent Report Form of Child Behavior
Checklist (CBCL) scales for hyperactivity indexes in children
with ADHDwere significantly higher than those of the healthy
controls (pb0.001). As for neurocognitive measures, children
with ADHDhad significantly lower scores onworkingmemory
on the backwards digit span test and the Corsi blocks test
(CBT) than did the healthy controls (F[1,78]=10.74, p=0.002;
F[1,78]=21.79, pb0.001, respectively) (Table 1). Furthermore,
childrenwith ADHDmademore omission errors than did the
healthy controls (F[1,76]=11.97, p=0.001). The two groups,
however, did not differ significantly in commission errors or
in the reaction time of the go trials (RT-Go) and their
standard deviations (SD) in the sustained attention to
response test for children (C-SART) with small to moderate
effect sizes.

2.2. Time perception

The subsequent analysis used a repeated measures multivar-
iate analysis of variance (MANOVA) on the target durations.
BecauseMauchly's test of sphericitywas always significant for
the repeated measures factor of the design, the Huynh–Feldt
(HF) values for the F tests that involved the discrimination
threshold are reported (Table 2). The results of a repeated
measures MANOVA (2 [groups]×3 [discrimination thresh-
olds]), with group as a between-subjects factor and thresholds
as a within-subjects factor, show the main effect of duration
(HF F[1.576,122.961]=161.16, pb0.001). This means that across
groups, larger intervals were required to discriminate longer
durations successfully. There was a significant main effect of
group (F[1,78]=53.268, pb0.001) between the ADHD children
and the controls, which indicates that the childrenwith ADHD
displayed significantly higher thresholds than did the
healthy controls across all of the discrimination thresholds.
The group by target duration interaction was significant (HF
F[1.576,122.961]=7.575,p=0.002). Inspectionof thediscrimination
thresholds indicated that children with ADHD needed dispro-
portionately larger intervals to discriminate long durations such
as 1200ms. Pairwise comparisonbetween the twogroups at each
target duration showed that children with ADHD had higher
thresholds than did healthy controls, regardless of the duration
(Table 2). The effect sizesweremoderate to large,with the largest
size obtained at a duration of 1200ms. After co-varying for FIQ, a
repeated measure MANOVA showed that the difference in the
main effect of group and the interaction effect of group by target
duration remained significant, whereas the main effect of
duration disappeared.

2.3. Relationships between neurocognitive measures and
discrimination thresholds

Table 3 shows that none of the cognitive measures were
significantly related to the duration thresholds in the control
group after partialing out FIQ. The score on the CBT (working
memory), however, was inversely correlated with the discrim-
ination threshold at a duration of 800 ms in the ADHD group
(r=−0.327, p=0.042). The significant relationship disappeared
after Bonferroni correction.
3. Discussion

The major findings of the study are summarized as follows.

1. A repeated measures MANOVA indicated that children
with ADHD showed a significantly higher threshold than
did the healthy controls at short, median, and long
durations. The differences remained significant even
after controlling for FIQ.

2. Working memory (CBT) was related to the discrimination
threshold at a duration of 800ms after controlling for FIQ in
the ADHD group, but this did not survive the Bonferroni
correction.

The short duration of the temporal discrimination tasks
meant that the confounding impacts of working memory,
sustained attention, delayed aversion, and inhibitory controls
(Sonuga-Barke, 2003)mayhavebeen reduced toaminimum. For
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this reason, time discrimination tasks have been considered to
be more suitable tests of pure time estimation than are other
temporal tasks (Rubia et al., 1999). Using a forced-choice
response procedure and removing the requirement for a
speeded response in the discrimination task, the influence of
motor control or timing is minimized in the study of ADHD
(Carte et al., 1996; Riordan et al., 1999). In the current study,
impairment in time perception was further confirmed in
children with ADHD by using this task with target durations
that extended from 300 ms to 1200 ms. Specifically, children
with ADHD needed a greater difference between comparison
and target durations to discriminate the item reliably. The
pairwise comparison analyses confirmed that the differences
were significant at short, median, and long durations. The
findings are consistent with certain previous studies (Smith
et al., 2002; Toplak et al., 2003; Toplak and Tannock, 2005),
although negative findings were reported in other studies
(Radonovich and Mostofsky, 2004; Rubia et al., 1999). In the
current study, the effect size increased with an increase in the
target duration, which is consistent with previous studies. The
effect size of 0.65 at a duration of 300 ms was close to the 0.61
that was reported by Toplak and Tannock (2005) at a duration of
200msand less than the 0.89 thatwasestimatedat a durationof
400ms by Toplak et al. (2003). At a duration of 800ms, the effect
sizeof 0.76was close to the 0.85 thatwas reportedby Smith et al.
(2002) and Toplak and Tannock (2005) at a duration of 1000 ms.
At a duration of 1200 ms, the effect size was more than that
reported by Smith et al. (2002) and Toplak andTannock (2005) at
a durationof 1000ms. Evidence fromneuro-imaging studieshas
also provided preliminary findings on the dysfunction of
duration discrimination in children with ADHD. Duration
discrimination tasks involve the cerebellar, prefrontal cortex,
and basal ganglia regions (Mathiak et al., 2004; Pouthas et al.,
2005; Smith et al., 2003), which have been consistently
implicated in the pathophysiology of ADHD (Castellanos et al.,
2001, 2002;Durstonet al., 2004; Giedd et al., 2001; Kimet al., 2002;
Semrud-Clikeman et al., 2000).

Some studies have reported a relationship between working
memory and discrimination threshold in children with ADHD
(Toplak et al., 2003; Toplak and Tannock, 2005). These results
were interpreted as indicative of the need for individuals with
ADHD to drawonadditional cognitive processes to discriminate
durations. Some researchers, however, have suggested that the
processing of short intervals (less than 1 s)may bemore related
to an internal timing mechanism or basal ganglia (Harrington
et al., 1998) and cerebellum (Mangels et al., 1998; Ivry, 1996)
processes, whereas that of longer intervals (1 s or greater) may
bemore related toworkingmemory processes or frontal cortical
processes (Mangels et al., 1998). No significant relationships
between the discrimination threshold and neurocognitive
functions were found in the current study, perhaps because
the shortness of the taskminimized the impact of confounding
neuropsychological functions, such as working memory, sus-
tained attention, and inhibitory control. Furthermore, as the
duration discrimination task used a forced-choice response
procedure without the need for a speeded response, the
influence of motor control is minimized in the study of ADHD.
Also, differences in the methodology of neurocognitive mea-
sures could account for a small part of the variance in the
current study.
A one-way analysis of variance (ANOVA) on the number of
sustained attention to response test (SART) omission errors
revealed the main effect of group (F[1,78]=11.97, pb0.001),
which is similar to the results that were obtained by Bellgrove
et al. (2005), O'Connell et al. (2004), and Shallice et al. (2002) and
partly consistent with those that were obtained by Johnson
et al. (in press). There was no effect of group on commission
errors (F[1,78]=0.526, pN0.05). These results are consistent
with those that were obtained by Bellgrove et al. (2005) and
Johnson et al. (in press), but inconsistent with those that were
obtained by Shallice et al. (2002) andO'Connell et al. (2004). The
children with ADHD, however, did not differ from the healthy
controls in Go-RT or response variability, despite the approx-
imatemedianeffect size of theGo-RT. This is inconsistentwith
the findings of Bellgrove et al. (2005), O'Connell et al. (2004), and
Shallice et al. (2002). The different results may stem from the
difference in the SART methodology and the heterogeneity of
the participants. In contrast to the study by Shallice et al.
(2002), the participants in the studies by Bellgrove et al. (2005),
O'Connell et al. (2004), and Johnson et al. (in press)were given a
SART with a fixed sequence that required them to withhold a
response to a rare digit (for example, a 3) that occurred in the
context of a digit stream (1–9). The proportion of ADHD
subtypes and comorbidities in the current study was also
different from that in previous studies.

In short, the current study demonstrates the time percep-
tion deficit in children with ADHD by using duration discrim-
ination tasks at short durations and excluding the effects of
deficientmotor control. In accordancewith the neuro-imaging
results, this study provides further support for a generic time
perception deficit, which is probably due to the involvement of
a dysfunctional fronto–striato–cerebellar network in this
capacity, especially the presence of deficits in basic internal
timing mechanisms (Ivry, 1996).
4. Experimental procedures

4.1. Participants

The initial sample pool consisted of 15 children with ADHD in
the clinical group and 18 healthy children in the comparison
group. Additional samples involved 25 children with ADHD
and 22 healthy children. The final sample consisted of 40
children with ADHD and a matched healthy control group.

There were 32 boys and 8 girls in the ADHD group (mean
age, 8.46 years, SD=1.63). The mean estimated FIQ was 99.32
(SD=12.1). Sixty-five percent of the ADHD participants had a
diagnosis of ADHDcombined type (ADHD-CT), and 35%were of
the ADHD inattentive type (ADHD-IT). Twenty percent of the
children with ADHD suffered from the comorbidities of a
learningdisability or oppositional defiant or conductdisorders.
The children's parents and teachers completed the ADHD
checklist, which consists of the 18 ADHD behaviors that are
listed in DSM-IV, the CRS-R (Conners, 1989; Chinese version,
Wang et al., 1999), and the CBCL (Achenbach, 1978; Chinese
version, Wang et al., 1999), which also covers the DSM-IV
symptoms for ADHD. Inclusion in the study required a
diagnosis of ADHD that was based on clinical semi-structured
parent and child interviews with an expert consultant



94 B R A I N R E S E A R C H 1 1 7 0 ( 2 0 0 7 ) 9 0 – 9 6
pediatrician. The ADHD children had to meet the following
criteria: (1) there had been parent and/or teacher complaints of
inattention, poor impulse control, and over-activity; (2) they
had at least 6 of the 18 inattention or hyperactivity-impulsive
symptomson theADHDchecklist or scores by either informant
at or above the clinical cutoff on the CRS or the CBCL; (3) they
met all of the DSM-IV criteria for ADHD during the semi-
structured clinical interview; and (4) they had never received
psychoactive medication. All of the ADHD children were
recruited from consecutive referrals to three child behavioral
clinics that serve large urban populations in Guangdong
Province, China. Handedness was assessed by means of the
Annett Hand Preference Questionnaire (Annett, 1970).

Another 40 healthy children (34 boys and 6 girls) were
recruited from a primary school in Guangdong Province as the
healthy controls. Their mean age and estimated FIQ were
8.63 years (SD=1.37) and 108.3 (SD=11.9), respectively (see
Table 1). Based on annual screening by the school and reports
by parents, thehealthy childrenhadno identified problems, and
they had no comorbid behavioral disorders as defined by
evaluations of other CRS-R scales. None of them had any record
of problems from previous screening procedures, and there was
no indication of difficulties on any of their school reports. The
childrenwere nominated by their teachers andwere selected by
their similarity to the ADHD group in age (within one year), sex,
and handedness. Participants were excluded if they had a
history of neurological, psychiatric, pervasive developmental, or
anyother seriousmedical conditionor anestimated IQbelow75.

4.2. Tests

4.2.1. Test battery of neurocognitive functions
IQ was assessed by the short form of the Chinese version of
the Wechsler Intelligence Scale for Children-Revised (C-WISC,
Gong and Cai, 1993). Items included block design, picture
completion, information, and vocabulary. These four subtests
were combined because previous studies have demonstrated
that they correlate 0.95 with a child's FIQ (Goh, 1980).

Sustained attention and inhibition were tested by a random
sequence version of the visual C-SART, which consisted of two
parts, one for practice and another for the test. In each part, two
boy figures were presented on a computer screen in a random
sequence. If there was one boy (go trials), then the children had
to press the “space” key. If there was another boy (no-go trials),
then they did not need to press any key. The target ratewas 90%
in the test block, which implied that subjects had to press the
“space”keynine timesasoftenas theypressednokey. Recorded
dependent measures included omission errors (that is, failures
to respond to the go trials), commission errors (that is, failure to
withhold in the no-go trials), and mean Go-RT. Response
variability was calculated from the SD of the Go-RT and the
mean Go-RT (defined as the SD Go-RT/mean Go-RT).

Workingmemorywas assessedby the backwardsdigit span
subtest of the C-WISC (Gong and Cai, 1993) to capture verbal
working memory performance and the CBT (Vandierendonck
et al., 2004) to capture visual working memory performance.
For the CBT, nine identical blocks were positioned irregularly
on a wooden board, and an experimenter pointed to a series of
blocks at a rate of one block per second. The childrenwere then
required to point to the blocks in the same order that they had
beenpresented. Thedifficulty levelwasprogressively raised by
increasing by one the number of squares that were replaced.
Participants were presented with two trials at each difficulty
level, which ranged from two to nine squares. The dependent
variable is defined as the difficulty level for which a child was
able to finish at least two trials successfully.

4.2.2. Time perception
Time perception was tested by a duration discrimination task
that was similar to that in the study by Toplak and Tannock
(2005). Participantswerepresentedwith three intervals of 50ms.
They were shown a visual image of a 100×100-pixel square at
the beginning and end of each interval, which were also
separated by a choice response window that appeared until
the participant hadmade a choice response. The target interval
refers to the consistently presented stimulus (either 300, 800, or
1200ms), and the comparison interval refers to the interval that
was adapted to a participant's performance. Each target interval
was presented in a separate session. For the 300 ms target
session, increments of the target duration were adjusted up or
down by 10 ms (the first comparison duration was 360 ms),
depending on the accuracy of the participant's responses. For
the 800ms target session, the increments changedby 20ms (the
first comparison duration was 950 ms), and for the 1200 ms
target session, the increments changed by 30 ms (the first
comparison duration was 1400 ms). After presentation of the
two intervals, aquestion– “which interval lasted the longest, the
first or the second?” – appeared on the screen together with a
cue that indicated which key represented which interval. The
subjects thenrespondedaccordinglybypressing the left (first) or
right (second) key. The target interval was randomly presented
as either the first or second duration, and the comparison
interval was always longer than the target interval.

An up–down transformed-response adaptive procedure was
used to estimate the threshold at which a participant could
accurately discriminate the target duration from the compari-
son duration with 80% accuracy. Each time that an error in
judgment was made, the comparison duration was increased,
thus increasing the difference between the two durations that
were to be compared. Conversely, when a correct response was
given, the comparison duration was decreased, thus reducing
the difference between the two durations that were to be
compared. The procedure stopped after six reversals of direc-
tion. The last five reversal values were averaged to produce an
estimate of threshold duration discrimination. The primary
dependent measure for the discrimination tasks was the
participant's duration threshold minus the target interval. The
threshold was defined as the difference between the target
duration and the shortest comparison duration that partici-
pants could reliably discriminate with 80% accuracy.

All of the tasks were presented in similar two-alternative
forced-choice trials usingamouse for response input. Therewere
four practice trials for each task to help participants to under-
stand the task demands. The practice trials used 1000 ms as the
target duration and 500 ms as the comparison duration. Longer
comparisondurationswereusedduring thepractice trials tohelp
ease the participants into the task. They were told that they
would see two pairs of squares, that each set would be separated
by a short gap, and that one gap would be longer than the other.
Furthermore, theywere told that their taskwas todecidewhichof
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the two gaps were the longest and to press the corresponding
button. No feedback about errors was provided during the task.
Participants used their dominant hand to respond.

4.3. Procedure

Written consent was provided by the guardians of both the
childrenwithADHDandthehealthycontrols. Eachchild received
a battery of cognitive tests, including the durationdiscrimination
task, in a standardized order to minimize boredom. Each child
was seated comfortably in front of a laptop computer in a quiet
room, and the control children were tested at their school.

4.4. Data analysis

The results were analyzed using SPSS version 12. Demographic
characteristics and neurocognitive function variable differences
between the two groups were tested using ANOVA, with group
membershipas the independent variable. Effect sizes on thepost
hoc analyses were calculated using Cohen's d. Chi-square
analyses were used for comparisons on dichotomous variables.
To examine all of our variables of interest on the duration
discrimination task, includinggroupandduration,weconducted
a repeatedMANOVA,with groupas abetween-subject factor and
duration as a within-subject factor. Following the MANOVA,
correlational analyses were conducted to examine whether any
of the other neurocognitive measures were significantly corre-
lated with the duration discrimination thresholds.
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