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Abstract 
 
Introduction: Attention-deficit hyperactivity disorder (ADHD), is a mental neurodevelopmental disorder mainly characterized by 
inattention, hyperactivity, impulsivity, and impaired time perception.  
Objectives: Our main goal was to determine the relationship between time perception and impulsiveness in adolescents with and 
without ADHD.  
Methods: 156 adolescents with ADHD (mean age=16.52±1.63; male/female ratio=91.65) were placed in the case group and 198 mentally 
and physically healthy adolescents (mean age=16.84±1.49; male/female ratio=111.87) were placed in the control group. The 
performance of the subjects of the two groups was evaluated in the go/no go test and time perception task (time estimation and 
time production) and compared with each other. Furthermore, considering the group factor as a control variable, the partial 
correlation between the subscales of the go/no go test and the subscales of the time perception task were measured. 
Results: Independent t-test showed significant differences between groups in terms of commission error, inhibition, reaction time, 
10-, 20-, 40, and 80-second time estimation, and also 10-, 20-, 40-, and 80-second time production. Inhibition and reaction time were 
negatively correlated with all of the estimation time intervals and were positively correlated with all of the production times. 
Commission error was negatively correlated with all of the all of the production times and was positively correlated with all of the 
estimation time intervals . 
Conclusions: Our results demonstrated that subjects with less response control ability had estimated the time intervals longer than 
their actual durations and had produced time intervals shorter than the requested time intervals in the time production task. 
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1. Introduction 

Attention-deficit hyperactivity disorder (ADHD) is a 
mental neurodevelopmental disorder characterized 
primarily by symptoms of inattention, hyperactivity, 
and impulsivity, which are linked to a range of 
functional impairments (1). The symptoms appear 
before the age of 12, are present for at least six months, 
and cause problems in school, home, or recreational 
activities. The prevalence of ADHD in children and 
adolescents is estimated to range from 5.9% to 7.1%, 
depending on the diagnostic criteria. (2).  

Impulsivity, the core symptom of ADHD from a 
psychological perspective, is defined by spontaneous 
risky actions and rapid decision-making due to a lack 
of response control. Barratt distinguished three 
dimensions of impulsivity as actions without thinking, 
quick decision-making and decreased sensitivity 
toward negative outcomes of behavior (3). In addition 
to ADHD, impulsivity has been demonstrated to exist in 
various psychiatric disorders linked to risky behaviors, 
such as bipolar disorder (4), drug addiction (5), and 
risky sexual behaviors (6).  

From the neuropsychological point of view, 
impulsivity is viewed as a lower threshold for 

activation of immediate responses and can be 
understood as a lack of balance between the top-down 
and the bottom-up control of the behavior (7). The 
orbital frontal cortex (OFC) and the anterior cingulate 
cortex (ACC) are involved in the top-down control and 
in the prediction of expectancies of reward and 
punishment, while the limbic structures are involved 
in the bottom-up control of behavior (8). 

Cognitive tempo, as the capacity of time estimation 
and time production, is shown to be related to 
impulsiveness (9). Impulsive individuals have been 
demonstrated to overestimate time intervals and 
therefore, under-produce time intervals. Evidence 
suggests that the biological clocks of individuals with 
high impulsivity may run faster than those with low 
impulsivity (10). Functional brain studies have revealed 
that the inferior frontal, parietal and medial frontal 
cortices, as well as the anterior insula, are significantly 
over-activated during time production in impulsive 
people and this activation pattern may be seen as a 
biological sign of cognitive time management in 
impulsivity (11). 

Conversely, research has shown that teenagers with 
ADHD exhibit compromised time perception when 
compared to their peers without the disorder. For 
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instance, research has shown that teenagers diagnosed 
with ADHD exhibit notably higher absolute 
discrepancy scores when performing time 
reproduction tasks, as well as experiencing more 
significant increases in these scores over time intervals 
compared to their peers in the control group (12). 
Toplak et al. (2003) reported that deficient duration 
discrimination and estimation have prominent effects 
on the temporal organization in adolescents with 
ADHD (13). 

ADHD subjects act faster and make more errors in 
continuous performance tasks (14). Focusing on the 
stop-signal reaction time tasks, adolescents with ADHD 
have been shown to be slower to inhibit their incorrect 
responses than normal adolescents, and fail to cancel 
their “go” actions in a timely manner on the “no-go” 
trials in go/no-go tasks (15). Patients with ADHD tend to 
favor immediate rewards over larger delayed rewards 
when participating in delay-discounting tasks (16). 
Nielsen (2017) proposed that ADHD could be viewed as 
a "difference in temporal experience and rhythm" 
based on semi-structured interviews and observation. 
Additionally, individuals diagnosed with ADHD may 
experience affected prospective memory processing, 
which could directly influence their time perception. 

Given that impulsivity is one of the main symptoms 
of adolescents with ADHD, and also taking into account 
the fact that impulsiveness may be due to the impaired 
perception of time, our main goal in this study was to 
determine the relationship between time perception 
and impulsiveness in adolescents with ADHD, 
compared to healthy adolescents. Obviously, the 
results of this study could clarify the effect of time 
perception in the incidence of impulsive behavior in 
adolescents with ADHD and can pave the way for future 
studies to find diagnostic endophenotypes and 
therapeutic approaches.     

 

2. Methods 

This study used a correlational method.  

2.1. Participants 

156 adolescents with ADHD who visited Owj clinic in 
Gorgan, Iran, from 2016 to 2018, participated in this 
study by their parents' informed consent. The age of 
the participants was in the range of 14-19 years. All 
patients were evaluated by two experienced 
psychiatrists and their disorder was confirmed. It was 
also found that none of the patients had any other 
neurological or mental disorder. Furthermore, the 
study involved 198 adolescents, aged 15 to 19 years, who 
were in good mental and physical health. None of the 
individuals had any substance abuse issues. 

 
2.2. Measures 

2.2.1. Go/No-Go Task 

The go/no-go tests are commonly utilized for 
assessing impulsivity. Individuals are instructed to 
execute a task when presented with specific stimuli (go 
stimuli) and to refrain from doing so when presented 
with a different set of stimuli (no-go stimuli). 
Performance effectiveness is measured based on 
accurate responses, omission and commission errors, 
and reaction time. Omission errors are indicative of 
inattention symptoms, whereas commission errors are 

believed to indicate deficiencies in response control. 
Reaction time refers to the duration between the 
stimulus presentation and the individual's response 
(17).  
 
2.2.2. Time Perception Task 

2.2.2.1. Time Estimation 

The subjects were tasked with estimating time 
intervals of 10, 20, 40, and 80 seconds. Each interval was 
shown twice in a random order to avoid participants 
using their own pacing as a reference for time. While 
performing the test, the participants were diverted by 
reading random numbers, ranging from 1 to 9, 
presented on a computer monitor. The average 
difference between the estimated time and the 
specified time after two attempts was computed for 
each person. 
 
2.2.2.2. Time Production 

Participants were asked to produce 10, 20, 40, and 
80 s time intervals by pushing the start and end 
buttons. The mean of the difference between the 
produced time and the requested time after each trial 
was calculated for each individual. 
 
2.2.2.3. Long‐Term Time Estimation  

Upon completion of the time perception task 
(approximately 10 minutes), participants were 
requested to gauge the overall duration from the 
commencement of the experiment to its conclusion. 
The estimated times provided by the participants were 
then compared to the actual elapsed time. 

 
2.3. Data analysis 

To depict the demographic traits and participants' 
scores, central and dispersion measures were 
employed. A comparison of the female/male ratio 
between the case and control groups was conducted 
utilizing Fisher's exact test. The scores of both groups 
were analyzed through independent t-tests with a 
significance level set at 0.05. The correlation between 
all subscales of the go/no-go test and the time 
perception task was determined using the Pearson 
coefficient.  
 

3. Results 

The age range of the case group was 14 to 19, with a 
mean of 16.52±1.63, and the age range of the control 
group was 15 to 19, with a mean of 16.84±1.49. According 
to the independent t-test, the mean age of the two 
groups did not show statistical significance (P=0.055). 

In the case group, there were 91 males and 65 
females, while in the control group, there were 111 
males and 87 females. According to Fisher's exact test, 
the male/female ratio did not show a significant 
difference between the two groups (P=0.746). 

In the case group, the mean scores of the go/no-go 
test subscales, in terms of omission error, commission 
error, inhibition, and reaction time were 1.82±0.93, 
3.9±1.39, 34.32±1.74, and 2.00±0.46, respectively. In the 
control group, the mean scores of omission error, 
commission error, inhibition, and reaction time were 
2.04±1.52, 2.05±1.39, 35.89±2.09, and 2.42±0.50, 
respectively (Figure 1). Independent t-test showed that 
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there were significant differences between the two 
groups in terms of commission error (P<0.001), 
inhibition (P<0.001), and reaction time (P<0.001). 

 
 
 

 
Figure 1. The Mean Scores of the Go/No-Go Test Subscales, in Terms of Omission Error, Commission Error, Inhibition, and Reaction Time, in the Case and 
Control Groups. 

 
The mean differences between the actual time 

intervals and the estimated time intervals by the ADHD 
subjects were 0.46±1.67, -0.02±3.29, 0.49±4.84, and 
1.07±6.40 for the 10 s, 20 s, 40 s, and 80 s intervals, 
respectively. The mean differences in the control group 
were -0.89±1.37, -0.77±2.74, -1.62±4.05, and -2.47±5.41 for 
the 10 s, 20 s, 40 s, and 80 s intervals, respectively 
(Figure 2. A). Independent t-test showed that there were 
significant differences between the two groups for the 
10 s (P<0.001), 20 s (P=0.023), 40 s (P<0.001), and 80 s 
(P<0.001) intervals.  

The mean differences between the actual 
production times and the produced times by the ADHD 
subjects were -0.50±0.94, -1.10±1.33, -0.32±1.81, and -
0.65±3.62 for the 10 s, 20 s, 40 s, and 80 s production 
times, respectively. The mean differences in the control 
group were -0.05±0.65, 0.19±1.35, 2.05±1.71, and 0.10±3.43 
for the 10 s, 20 s, 40 s, and 80 s production times, 
respectively (Figure 2. B). Independent t-test showed 
that there were significant differences between the two 
groups for the 10 s (P<0.001), 20 s (P<0.001), 40 s 
(P<0.001), and 80 s (P=0.046) production times. 

 
Figure 2. The Mean Differences between the Actual Times and the Estimated/Produced Times by the Two Groups. 

 
The mean total time spent from the beginning of 

the experiment to the end was estimated 592.00±70.87 
by the case group and was estimated 570.30±71.02 by 
the control group. The estimated values were 
significantly different between the two groups 
(P=0.005). 

The partial correlation analysis between the 
subscales of the go/no-go test and the subscales of the 

time perception task, controlled for the group variable 
showed that there were significant negative 
correlations between the inhibition and the estimation 
times (for all the time intervals), and there were 
significant positive correlations between the 
inhibition and the production times (for all the 
production times) (Figure 3. A).  
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Strong positive relationships were observed 
between the commission error and the estimation 
times across all time intervals, while strong negative 
relationships were found between the commission 
error and the production times for all production 
times (see Figure 3.B). 
Significant adverse associations were observed 
between the reaction time and the estimation times 

across all time intervals, while notable favorable 
associations were found between the reaction time and 
the production times for all production times (refer to 
Figure 3. C). The outcomes of the partial correlation 
analysis between the subscales of the go/no-go test and 
the subscales of the time perception task, adjusted for 
the group variable, are depicted in Figures 3.

 
Table 1. The Partial Correlation Analysis between the Subscales of the Go/No-Go Test and the Subscales of the Time Perception Task, Controlled for the 
Group Variable. 
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p 0.771 0.000 0.000 0.000 
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r -0.015 0.447 -0.336 -0.373 
p 0.780 0.000 0.000 0.000 
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r -0.037 -0.479 0.396 0.403 
p 0.485 0.000 0.000 0.000 

20  
r -0.062 -0.374 0.342 0.305 
p 0.243 0.000 0.000 0.000 

40  
r -0.013 -0.345 0.291 0.315 
p 0.811 0.000 0.000 0.000 

80  
r -0.008 -0.345 0.287 0.315 
p 0.888 0.000 0.000 0.000 

Long Term 
Estimation (s) 

About 10 min 
(600 s) 

r 0.033 0.357 -0.306 -0.329 
p 0.532 0.000 0.000 0.000 

 

 
Figure 3. The Results of Partial Correlation Analysis between the Subscales of the Go/No-Go Test and the Subscales of the Time Perception Task, Controlled 
for the Group Variable. 
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4. Discussion 

The primary objective of this research was to 
investigate the correlation between time perception 
and impulsivity among adolescents diagnosed with 
ADHD compared to those without the condition. Our 
findings revealed that individuals in the ADHD group 
exhibited poorer performance across all subscales of 
the go/no-go test in comparison to the control group. 
Specifically, omission and commission errors were 
notably higher in the ADHD group, while inhibition 
and reaction time were significantly lower when 
compared to the control group. These results align 
with previous studies conducted in this area. 

For example, it has been indicated that the 
commission error is significantly higher in the ADHD 
group than the healthy group and methylphenidate 
can improve the go-no go performance of these 
patients by decreasing their tendency to make 
impulsive errors (18). Also, it has been argued that 
response inhibition is the primary deficit in ADHD (19). 
Also, it has been reported that the errors of 
commission are significantly correlated with the 
symptom of hyperactivity–impulsivity in ADHD 
patients (20).  

In an effort to find out the neural causes associated 
with the inability to control the response in ADHD 
subjects, Suskauer et al. (2008) provided functional 
brain imaging evidence that adolescents with ADHD 
demonstrate significantly less activation than did the 
typically developing controls within the frontal 
networks in the pre-supplementary motor area, which 
are important for motor response selection (21). 
Furthermore, recently, Baijot et al. (22) investigated the 
electroencephalographic dynamics and inter-trial 
coherence linked to the event-related potential 
triggered by go/no-go visual stimuli, in adolescents 
with ADHD (22). Their findings revealed an impaired 
ability in adolescents with ADHD in conserving the 
brain oscillations associated with the processing of 
visual stimuli.  

In the second phase of the study, we evaluated time 
perception in the two groups and compared their 
performances. Our results demonstrated that 
adolescents with ADHD generally had perceived the 
time intervals more than that actually were, and in the 
process of time production, they had produced shorter 
time intervals than what should be produced. So 
overall, it can be concluded that adolescents with 
ADHD perceive the passage of time faster than healthy 
subjects. 

In this regard, Smith et al. (23) reported that 
adolescents with ADHD are impaired in their time 
discrimination and estimate time intervals longer and 
respond earlier in reproduction task when compared 
with controls (23). They suggested that deficient time 
perception in ADHD may impact the motor timing and 
reduce the precision of their motor activity. Toplak et 
al. (24) indicated that basic timing mechanisms are 
impaired in ADHD (24), and Gooch et al. (25) reported 
that adolescents with ADHD exhibit impairments in 
time perception compared to adolescents without 
ADHD (25). 

Although the cause of the disturbance in the 
perception of time in patients with ADHD is still not 
well known, however, several hypotheses have been 
raised in this regard.  

Scalar timing theory (26) proposed that timing is 
regulated by a complex underlying mechanism, 

involving an internal clock consisting of a pacemaker 
and an accumulator functionally connected to each 
other, as well as memory and decision mechanisms 
(26). Hurks et al. (27) pointed out towards parallel 
networks for regulating attention and impulse 
inhibition, so that in the event of damage of one 
component, another one will be affected as well (27). 
Walg et al. (28) provided evidence that difficulties in 
mental set-shifting extend to temporal processing in 
adolescents with ADHD (28). 

In the last phase of the study, we observed that 
subjects with less response control ability had 
estimated the time intervals longer than their actual 
durations and had produced time intervals shorter 
than the requested time intervals in the time 
production task. Although evidence has suggested that 
the abnormal time perception and impaired response 
control in adolescents with ADHD both reflect 
underlying attentional mechanisms (29,30), however, 
in this study, we cannot confirm this, because we 
observed no significant difference between the case 
and the control groups in terms of omission errors, 
which in turn represent attentional deficits.  

A limitation is this study was that we used 
adolescents as statistical sample. However, using 
children and adults in future studies can provide more 
comprehensive view on the effects of impulsivity on 
time perception in ADHD. In addition, larger sample 
size in future studies can be more effective.  

 
4.1. Conclusions 

Therefore, in summary, and based on the results of 
this study, it seems that, contrary to the previous 
hypotheses, processes involved in the regulation of 
attention do not significantly overlap with the 
processes involved in the perception of time. Future 
studies on larger and more homogeneous populations, 
as well as functional studies of the brain, can better 
determine the mechanisms underlying the correlation 
between impulsivity and time perception and may 
show the direction of this relationship. 
 

Acknowledgments 

The authors are grateful to all participants who 
participated in this research. 
 

Footnotes 

Authors’ Contribution: This study was carried out solely 
by the corresponding author. 

Conflict of Interests: The researcher confirms that there 
is no conflict of interests in this study with any 
participant. 

Data Availability: The data that support the findings of 
this study are openly available upon request from the 
corresponding author. 

Ethical Approval: Approval for this study was obtained 
from the university. The author confirms that all steps .

The requirements of this study comply with ethical 
guidelines. Participants were informed about the 
characteristics of the study and gave written informed 
consent. 

Funding/Support: This research received no external 
funding. 



Makki R 

44                                                                                                                                      Phys. Act. Child. 2024; 1(1):e462027. 

Informed Consent: Informed written consent was 
obtained from all participants. 

Supplementary information accompanies this paper at 
doi: 10.61186/PACH.2024.462027.1011 

 

ORCID iD 

Rezvaneh Makki  https://orcid.org/0009-0000-9757-
9327 
 

References 

1. Polanczyk GV, Willcutt EG, Salum GA, Kieling C, Rohde LA. "ADHD 
prevalence estimates across three decades: an updated systematic 
review and meta-regression analysis." International Journal of 
Epidemiology 2014;43(2):434-442. [PubMed ID: 24464188]. [PubMed 
Central ID:  PMC4817588]. https://doi.org/10.1093/ije/dyt261 

2. Willcutt EG. "The prevalence of DSM-IV attention-
deficit/hyperactivity disorder: a meta-analytic review." 
Neurotherapeutics. 2012;9(3):490-499. [PubMed ID: 22976615]. 
[PubMed Central ID: PMC3441936]. https://doi.org/10.1007/s13311-012-
0135-8 

3. Bakhshani N.-M. "Impulsivity: a predisposition toward risky 
behaviors." International journal of high risk behaviors & 
addiction. 2014;3(2):e20428-e20428. [PubMed ID: 25032165]. 
[PubMed Central ID: PMC4080475]. 
https://doi.org/10.5812%2Fijhrba.20428 

4. Strakowski SM, Fleck DE, DelBello MP, Adler CM, Shear PK, Kotwal R, 
Arndt S. "Impulsivity across the course of bipolar disorder." Bipolar 
disorders. 2010;12(3):285-297. [PubMed ID: 20565435]. [PubMed 
Central ID:  PMC2923549]. https://doi.org/10.1111/j.1399-
5618.2010.00806.x 

5. Perry JL, Carroll ME. "The role of impulsive behavior in drug abuse." 
Psychopharmacology (Berl). 2008;200(1):1-26. [PubMed ID: 
18600315]. https://doi.org/10.1007/s00213-008-1173-0    

6. Winters KC, Botzet AM, Fahnhorst T, Baumel L, Lee S. "Impulsivity 
and its Relationship to Risky Sexual Behaviors and Drug Abuse." 
Journal of child & adolescent substance abuse. 2009;18(1):43-56. 
[PubMed ID: 19777076]. [PubMed Central ID: PMC2748350]. 
https://doi.org/10.1080%2F15470650802541095 

7. Prado-Lima PA. "[Pharmacological treatment of impulsivity and 
aggressive behavior]." Rev Bras Psiquiatr 31 Suppl 2009;2:S58-65. 
http://dx.doi.org/10.1590/S1516-44462009000600004 

8. Siever LJ. "Neurobiology of aggression and violence." The American 
journal of psychiatry. 2008;165(4):429-442. [PubMed ID: 18346997]. 
[PubMed Central ID: PMC4176893]. 
https://doi.org/10.1176%2Fappi.ajp.2008.07111774 

9. Berlin HA, Rolls ET, Kischka U. "Impulsivity, time perception, 
emotion and reinforcement sensitivity in patients with 
orbitofrontal cortex lesions." Brain 2004;127(5):1108-1126. [PubMed 
ID: 14985269]. https://doi.org/10.1093/brain/awh135 

10.  Barratt ES. "The biological basis of impulsiveness: the significance 
of timing and rhythm disorders." Personality and Individual 
Differences. 1983;4(4):387-391. 
https://psycnet.apa.org/doi/10.1016/0191-8869(83)90004-1 

11. Wittmann M, Simmons AN, Flagan T, Lane SD, Wackermann J, 
Paulus MP. "Neural substrates of time perception and impulsivity." 
Brain Res 2011;1406:43-58.  [PubMed ID: 21763642]. [PubMed Central 
ID: PMC3145046]. https://doi.org/10.1016/j.brainres.2011.06.048 

12. Meaux JB, Chelonis JJ. "Time perception differences in children 
with and without ADHD." J Pediatr Health Care 2003;17(2):64-71. 
[PubMed ID: 12665728]. https://doi.org/10.1067/mph.2003.26 

13. Toplak ME, Rucklidge JJ, Hetherington R, John SC, Tannock R. "Time 
perception deficits in attention-deficit/ hyperactivity disorder and 
comorbid reading difficulties in child and adolescent samples." J 
Child Psychol Psychiatry 2003;44(6):888-903. [PubMed ID: 
12959497]. https://doi.org/10.1111/1469-7610.00173   

14. Levy F, Pipingas A, Harris EV, Farrow M, Silberstein RB. "Continuous 
performance task in ADHD: Is reaction time variability a key 
measure?" Neuropsychiatric disease and treatment. 2018;14:781-
786. [PubMed ID: 29588592]. [PubMed Central ID: PMC5858546]. 
https://doi.org/10.2147/ndt.s158308  

15. Senderecka M, Grabowska A, Szewczyk J, Gerc K, Chmylak R. 
"Response inhibition of children with ADHD in the stop-signal 
task: an event-related potential study." Int J Psychophysiol. 
2012;85(1):93-105. [PubMed ID: 21641941]. 
https://doi.org/10.1016/j.ijpsycho.2011.05.007 

16. Winstanley CA, Eagle DM, Robbins TW. "Behavioral models of 
impulsivity in relation to ADHD: Translation between clinical and 
preclinical studies." Clinical Psychology Review. 2006;26(4):379-
395.  [PubMed ID: 16504359]. [PubMed Central ID: PMC1892795]. 
https://doi.org/10.1016/j.cpr.2006.01.001 

17. Gomez P, Ratcliff R, Perea M. "A Model of the Go/No-Go Task." 
Journal of experimental psychology. General 2007;136(3):389-413.  
[PubMed ID: 17696690]. [PubMed Central ID: PMC2701630]. 
https://doi.org/10.1037/0096-3445.136.3.389 

18. Trommer BL, Hoeppner JA, Zecker SG. "The go-no go test in 
attention deficit disorder is sensitive to methylphenidate." J Child 
Neurol 1991; 6 Suppl:S128-131.  [PubMed ID: 2002211]. 
https://doi.org/10.1177/0883073891006001s13 

19. Wodka EL, Mahone EM, Blankner JG, Larson JC, Fotedar S, Denckla 
MB, Mostofsky SH. "Evidence that response inhibition is a primary 
deficit in ADHD." J Clin Exp Neuropsychol. 2007;29(4): 345-356.  
[PubMed ID: 17497558]. https://doi.org/10.1080/13803390600678046 

20. Bezdjian S, Baker LA, Lozano DI, Raine A. "Assessing inattention and 
impulsivity in children during the Go/NoGo task." The British 
journal of developmental psychology. 2009;27(Pt 2):365-383.  
[PubMed ID: 19812711]. [PubMed Central ID: PMC2757760]. 
https://doi.org/10.1348/026151008x314919 

21. Suskauer SJ, Simmonds DJ, Fotedar S, Blankner JG, Pekar JJ, Denckla 
MB, Mostofsky SH. "Functional magnetic resonance imaging 
evidence for abnormalities in response selection in attention 
deficit hyperactivity disorder: differences in activation associated 
with response inhibition but not habitual motor response." J Cogn 
Neurosci. 2008;20(3):478-493. [PubMed ID: 18004945]. [PubMed 
Central ID: PMC2896028]. https://doi.org/10.1162/jocn.2008.20032   

22. Baijot S, Cevallos C, Zarka D, Leroy A, Slama H, Colin C, Deconinck N, 
Dan B, Cheron G. "EEG Dynamics of a Go/Nogo Task in Children 
with ADHD." Brain sciences. 2017;7(12):167. [PubMed ID: 29261133]. 
[PubMed Central ID: PMC5742770]. 
https://doi.org/10.3390/brainsci7120167    

23. Smith A, Taylor E, Warner J, Rogers S, Newman, Rubia K. "Evidence 
for a pure time perception deficit in children with ADHD." Journal 
of Child Psychology and Psychiatry. 2002;43(4):529-542. [PubMed 
ID: 12030598]. https://doi.org/10.1111/1469-7610.00043  

24. Toplak ME, Tannock R. "Time Perception: Modality and Duration 
Effects in Attention-Deficit/Hyperactivity Disorder (ADHD)." 
Journal of Abnormal Child Psychology. 2005;33(5):639-654. 
[PubMed ID: 16195956]. https://doi.org/10.1007/s10802-005-6743-6      

25. Gooch D, Snowling M, Hulme C. "Time perception, phonological 
skills and executive function in children with dyslexia and/or 
ADHD symptoms." Journal of Child Psychology and Psychiatry. 
2010;52(2):195-203. [PubMed ID: 20860755]. [PubMed Central ID: 
PMC3412207]. https://doi.org/10.1111/j.1469-7610.2010.02312.x 

26. Allman MJ, and Meck WH. "Pathophysiological distortions in time 
perception and timed performance." Brain 2012;135(3):656-677. 
[PubMed ID: 21921020]. [PubMed Central ID: PMC3491636]. 
https://doi.org/10.1093/brain/awr210 

27. Hurks PPM, Hendriksen JGM. "Retrospective and Prospective Time 
Deficits in Childhood ADHD: The Effects of Task Modality, 
Duration, and Symptom Dimensions." Child Neuropsychology. 
2010;17(1):34-50. [PubMed ID: 20936546]. 
https://doi.org/10.1080/09297049.2010.514403       

28. Walg M, Oepen J, Prior H. "Adjustment of Time Perception in the 
Range of Seconds and Milliseconds: The Nature of Time-Processing 
Alterations in Children With ADHD." Journal of Attention 
Disorders. 2012;19(9):755-763. [PubMed ID: 22851208]. 
https://doi.org/10.1177/1087054712454570 

29. Hervey AS, Epstein JN, Curry JF, Tonev S, Eugene L, Arnold C, Keith 
Conners, Hinshaw SP, Swanson JM, Hechtman L. "Reaction Time 
Distribution Analysis of Neuropsychological Performance in an 
ADHD Sample." Child Neuropsychology. 2006;12(2):125-140. 
[PubMed ID: 20936546]. 
https://doi.org/10.1080/09297049.2010.514403 

30. Rubia K, Halari R, Christakou A, Taylor E. "Impulsiveness as a 
timing disturbance: neurocognitive abnormalities in attention-
deficit hyperactivity disorder during temporal processes and 
normalization with methylphenidate." Philosophical transactions 
of the Royal Society of London. Series B, Biological sciences. 
2009;364(1525):1919-1931. [PubMed ID: 19487194]. [PubMed Central 
ID: PMC2685816]. https://doi.org/10.1098/rstb.2009.0014 

 

https://doi.org/10.61186/PACH.2024.462027.1011
https://doi.org/10.61186/PACH.2024.462027.1011
https://doi.org/10.61186/PACH.2024.462027.1011
https://doi.org/10.61186/PACH.2024.462027.1011
https://orcid.org/0009-0000-9757-9327
https://orcid.org/0009-0000-9757-9327
https://pubmed.ncbi.nlm.nih.gov/24464188/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4817588/
https://doi.org/10.1093/ije/dyt261
https://pubmed.ncbi.nlm.nih.gov/22976615/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3441936/
https://doi.org/10.1007/s13311-012-0135-8
https://doi.org/10.1007/s13311-012-0135-8
https://pubmed.ncbi.nlm.nih.gov/25032165
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4080475/
https://doi.org/10.5812%2Fijhrba.20428
https://pubmed.ncbi.nlm.nih.gov/20565435/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2923549/
https://doi.org/10.1111/j.1399-5618.2010.00806.x
https://doi.org/10.1111/j.1399-5618.2010.00806.x
https://pubmed.ncbi.nlm.nih.gov/18600315/
https://doi.org/10.1007/s00213-008-1173-0
https://pubmed.ncbi.nlm.nih.gov/19777076
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2748350/
https://doi.org/10.1080%2F15470650802541095
http://dx.doi.org/10.1590/S1516-44462009000600004
https://pubmed.ncbi.nlm.nih.gov/18346997
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4176893/
https://doi.org/10.1176%2Fappi.ajp.2008.07111774
https://pubmed.ncbi.nlm.nih.gov/14985269/
https://doi.org/10.1093/brain/awh135
https://psycnet.apa.org/doi/10.1016/0191-8869(83)90004-1
https://pubmed.ncbi.nlm.nih.gov/21763642/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3145046/
https://doi.org/10.1016/j.brainres.2011.06.048
https://pubmed.ncbi.nlm.nih.gov/12665728/
https://doi.org/10.1067/mph.2003.26
https://pubmed.ncbi.nlm.nih.gov/12959497/
https://doi.org/10.1111/1469-7610.00173
https://pubmed.ncbi.nlm.nih.gov/29588592/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5858546/
https://doi.org/10.2147/ndt.s158308
https://pubmed.ncbi.nlm.nih.gov/21641941/
https://doi.org/10.1016/j.ijpsycho.2011.05.007
https://pubmed.ncbi.nlm.nih.gov/16504359/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc1892795/
https://doi.org/10.1016/j.cpr.2006.01.001
https://pubmed.ncbi.nlm.nih.gov/17696690/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2701630/
https://doi.org/10.1037/0096-3445.136.3.389
https://pubmed.ncbi.nlm.nih.gov/2002211/
https://doi.org/10.1177/0883073891006001s13
https://pubmed.ncbi.nlm.nih.gov/17497558/
https://doi.org/10.1080/13803390600678046
https://pubmed.ncbi.nlm.nih.gov/19812711/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2757760/
https://doi.org/10.1348/026151008x314919
https://pubmed.ncbi.nlm.nih.gov/18004945/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2896028/
https://doi.org/10.1162/jocn.2008.20032
https://pubmed.ncbi.nlm.nih.gov/29261133/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5742770/
https://doi.org/10.3390/brainsci7120167
https://pubmed.ncbi.nlm.nih.gov/12030598/
https://doi.org/10.1111/1469-7610.00043
https://pubmed.ncbi.nlm.nih.gov/16195956/
https://doi.org/10.1007/s10802-005-6743-6
https://pubmed.ncbi.nlm.nih.gov/20860755/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3412207/
https://doi.org/10.1111/j.1469-7610.2010.02312.x
https://pubmed.ncbi.nlm.nih.gov/21921020/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3491636/
https://doi.org/10.1093/brain/awr210
https://pubmed.ncbi.nlm.nih.gov/20936546/
https://doi.org/10.1080/09297049.2010.514403
https://pubmed.ncbi.nlm.nih.gov/22851208/
https://doi.org/10.1177/1087054712454570
https://pubmed.ncbi.nlm.nih.gov/20936546/
https://doi.org/10.1080/09297049.2010.514403
https://pubmed.ncbi.nlm.nih.gov/19487194/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2685816/
https://doi.org/10.1098/rstb.2009.0014
https://orcid.org/0009-0000-9757-9327

