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Abstract

Background: A large number of studies have shown time perception impairment and reaction
time (RT) variability in children with attention deficit hyperactivity disorder (ADHD), and
have discussed the causes of such difficulties. However, very few studies have investigated

time knowledge (i.e., the correct representation and use of time units) in children with ADHD.

Methods: We evaluated time knowledge in 33 children with ADHD, aged 8-12 years, who
had consulted a reference center for learning disabilities in Paris, matched for age and gender
with 33 typically developing (TD) children. We used a simple questionnaire-based survey and

neuropsychological tests for cognitive and attentional skills.

Results: The acquisition of time knowledge was delayed in children with ADHD compared
with TD children (p<0.01). At the end of primary school, children with ADHD obtained time
knowledge scores that were close to those of TD children at the beginning of primary school.
In children with ADHD, time knowledge was significantly related to the working memory

index (p<0.05), but not to ADHD presentation (with or without hyperactivity).

Conclusion: This study shows time knowledge impairment in children with ADHD, and paves
the way for new screening tests and rehabilitation focused on time knowledge and time-

related skills, in order to improve patient care and autonomy.

Keywords: Attention deficit / hyperactivity disorder (ADHD); time knowledge; time
perception; care; autonomy.

Highlights

The acquisition of time knowledge is delayed in children with ADHD compared with
typically developing children. Rehabilitation focused on time knowledge could help improve

patient care and autonomy.



1 Introduction

Two models of time processing have been proposed: the internal clock model, which
postulates that estimating duration depends on the accumulation of temporal information in
working memory [1], and the state-dependent network model, suggesting a qualitative —
rather than quantitative — nonlinear and action-dependent coding of time [2]. The theory of
“scalar time” is based on the hypothesis of an innate internal clock, in the form of a
“pacemaker-accumulator” system, combined with a storage system involving short- and
medium-term memory [3]. This temporal processing model connects conception of time with
other cognitive functions, such as attentional skills toward events experienced, working
memory to process the information received, and long-term memory to evaluate temporal
concepts retrospectively. For some authors, the involvement of these executive functions in
time perception is a key point in understanding the evolution of time perception in children
according to their age [4]. This link between time perception and other cognitive functions,
including working memory, is also reinforced by studies using functional neuroimaging to

investigate brain structures activated by time-processing tasks [5].

Tasks that explore time perception can be divided into two groups according to whether or not
a verbal answer using numbers and time units is required. For short time intervals (up to a few
seconds), time perception in children has been investigated, following the “internal clock”
model, using temporal reproduction or temporal discrimination tasks that do not use verbal
encoding. These investigations have shown an increased performance with age during
childhood, associated with an improvement in attention, working memory, and processing
speed [6]. Exploring the perception of long durations (hours, days, years) requires verbal
encoding. These “verbal” time tasks explore the correct representation and the correct use of
time units, which have been defined as “time knowledge” (TK) studied in typically
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developing (TD) children and in children treated for malignant cerebellar tumors [7,8]. It is
thought that TK depends on two categories of factors: (1) academic knowledge and numerical
skills, such as understanding of the principles of division (e.g., 1 day=24 h, 1 h=60 min, etc.);
(2) factors related to action-perception coupling, enabling a correct “representation” of what 1
min, 1 h, etc. is exactly. For instance, 1 min can be seen as a representation of all actions that
can be performed in 1 min, and this is an action-dependent encoding of time, as proposed by

the state-dependent network model [2].



TK during childhood improves with academic learning of words and numbers at school. Time
orientation and awareness of the present hour, day, month, year, or season are the first steps
toward conventional TK. According to Friedman, from the age of 5 years, children develop a
list-based representation of time, relying on lexical working memory; then, at about 7 years of
age, the concept of “cycles” in daily life events appears, with the notion of order and the
recurrence of chronological sequences, related to logical reasoning and the ability to
recognize series; finally, at around 10 years of age, children discover a spatial representation
of time that enables them to understand the relationships between time units and to estimate
the “distance” between days, weeks, months, and seasons [9]. At about the same age, children
develop “diachronic thinking” or the ability to conceptualize events that are unfolding, i.e., to
understand the passing of time and the link with sequences of events. Being able to represent
the span of a lifetime and to understand the irreversibility of growth for humans stems from
this ability. Indeed, an accurate estimation of age gaps between human beings seems to be a
difficult task for young children [7]. Finally, with regard to tools measuring time, telling the
time on a clock is a complex cognitive activity that relies on several domains of competence,

such as mathematics, language, visual-spatial skills, and conceptual representations [10].

The etiology and pathophysiology of attention deficit with hyperactivity disorder (ADHD) are
still debated [11]. ADHD is characterized by attention deficit and/or psychomotor
hyperactivity and impulsivity. There are three subtypes of ADHD presentation: mixed,
predominant inattention, or predominant hyperactivity/impulsivity [12]. The link between
ADHD and executive function disorders is a regular topic in ADHD studies. For some
authors, the symptoms of children with ADHD result first from disability in understanding
time conceptions and chronology [13]. In addition, studies related to time conception in TD
children have shown that prospective time perception is influenced by the ability to pay

attention [4], and a link between impulsivity and alteration in time conception is also found in



some pathologies involving impulsivity, such as bipolar disorder, alcoholism, and substance
abuse [14]. Supported by the findings of health support workers, the hypothesis of an
alteration in time conception in children with ADHD has thus been envisaged in several
studies [15-17]. Finally, children with ADHD are less accurate in reproducing durations
(seconds to minutes), which is a task involving working memory, this being observed
regardless of age, type of stimulus (auditory, visual, or mixed), and duration (500 ms to 90 s)
[15,16]. This difficulty in reproducing durations seems to increase with the duration of the

stimulus (3, 6, 12, 24 s) [16].

Concerning TK, a Swedish team evaluated time conception in healthy children, and studied
the relationship between time conception and autonomy in children with ADHD, autism
spectrum disorder, mild or moderate mental retardation, myelomeningocele, or brain injury
[18]. Significant correlations were found between children’s time conception and self-
evaluated autonomy by children, but also between children’s time conception and the
evaluation by fathers of their children’s daily time management. However, the heterogeneity
of the study populations and the lack of specific results for children with ADHD tend to make
the interpretation of the findings for children with ADHD difficult. Thus, alterations in time
conception in children with ADHD have been mentioned in many studies, and the
pathophysiological mechanisms responsible for these disorders have been discussed. Overall,
the development of TK (defined as the correct representation and use of time units) in
children with ADHD, despite its relevance to everyday clinical practice and to the autonomy
of a child, has been the object of little or no research. The first aim of the present study was to
investigate the presence or absence of TK difficulties in children with ADHD, using a
validated TK tool. The second aim was to examine which factors (such as age, ADHD

presentation, cognitive functions, academic skills, and comorbidities) are associated with TK.



2 Methods

The clinical data collection and psychological tests were those recommended for children
with ADHD in France [19]. Clinical data were collected from parents and children in the
course of a multidisciplinary evaluation, and from questionnaires or reports completed by
teachers and health professionals (speech therapists, psychologists). The evaluation of
attention and the psychometric neuropsychological assessments were conducted by trained
neuropsychologists. Informed consent to participate was obtained from both parents,
following the ethics committee recommendations, and the study protocol was approved by

Kremlin Bicétre University Hospital Ethics Committee (PP 15-015).



2.1  Participants

2.1.1 Children with ADHD

Children attending a consultation in the CRTLA (Centre de Référence des Troubles du
Langage et des Apprentissages) of the Kremlin Bicétre Hospital in Paris, France, and
presenting the following criteria were included: (1) age 8—12 years; (2) diagnosis of ADHD
using the Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-V) by a
neuropediatrician [12]; (3) intelligence quotient (IQ) in the standard range or above the norm
for age (IQ >70) according to Wechsler’s Intelligence Scale, 4th edition (WISC-IV) or
Wechsler’s Preschool and Primary Scale of Intelligence, 3rd edition (WPPSI-III). An
associated specific learning disorder was not a criterion for exclusion. Exclusion criteria were
disorders of psychiatric origin, absence of psychometric assessment of IQ, and

methylphenidate treatment.

2.1.2 Typically developing (TD) children

TD children were recruited at school and matched individually for age (+ 3 months) and
gender with children with ADHD. They belonged to a larger series of 105 school-aged
children enrolled in general education classrooms [7,8,20]. Both parents gave their informed
consent for children to participate in the study, and teachers were instructed to recruit children
with no special educational needs, no history of schooling delay, and without any reported
learning, behavioral, or neurological disorders [7,8,20]. Furthermore, as children’s TK
changes considerably between the beginning and the end of the primary school, the group TD
children was divided into two age categories: from second to third grade (first part of primary

school), and from fourth to sixth grade (second part of primary school).



2.2 Data collection

2.2.1 Diagnosis of ADHD and associated specific learning disorders

The diagnosis of ADHD was made in a school and family-suggestive context, on the basis of
the DSM-V criteria [12]. Results from the behavioral questionnaires developed by Conners
[21] and Achenbach [22] and from standardized neuropsychological attention tests such as the
Neuro-Psychological battery (NEPSY II) [23], the Test of Everyday Attention for Children
(TEA — Ch) [24], and the Continuous Performance Test, version II (CPT II) [25] were also
taken into account at the time of the children’s inclusion in the study. During the
neuropediatric examinations, an assessment of learning abilities was made using the
standardized EDA battery (Evaluation Des fonctions cognitives et des Apprentissages [26]).
The children’s level in language, reading and written expression, mathematics as well as their
coordination skills were assessed to confirm any diagnosis of associated specific learning
disorders (about language, reading and writing expression, mathematics, developmental

coordination).

2.2.2 Neuropsychological attention tests: index retained for analysis

To assess the link between attention parameters and ZK in children with ADHD, we used the
Conners Continuous Performance Test — Version II (CPT II [25]). Participants were asked to
press a keyboard spacebar whenever a letter appeared on the screen, and not to press the
spacebar when the letter “X” appeared. This test allows for the computation of a Confidence
Index, which was selected for the purpose of the present study. This index represents an
indicator of the probability that a respondent’s profile resembles that of a clinical ADHD

profile [25]. Index values greater than 70% suggest strong evidence for clinical classification.



2.2.3 Time Knowledge Questionnaire (TkQ): content and scoring

The TK questionnaire (TkQ) that we used in our study has the advantage of assessing TK in
children in a simple, quick (10 min), and standardized manner, combining: (1) conventional
TK, such as time orientation (day/month/year), time sequences (months/seasons), relationship
between time units (seconds, minutes, hours), telling the time on a clock; (2) the estimation of
periods (months/years), using the contexts of birthdays and life cycles; and (3) the estimation
of the passing of time (duration of interview). Normative data were obtained for the general
population from previous studies [7,8,20].

The TkQ is composed of seven items. The “Time Orientation (OR)” item includes five
questions, assessing whether the children are able to describe the moment of the interview:
“What day is it today?”’; “What time is it?”’; “What month, year, season are we in?”” Regarding
the notion of time of day, the answer is considered correct if the children accurately indicate
the right part of the day (morning or afternoon). For the “Time Sequences (SEQ)” item, the
children are asked to say which month comes after March, and to give months and seasons in
chronological order. For months in order, the answer is correct even if children make one
mistake. The “Time Units (TU)” item includes four questions, each carrying 1 point. The first
three questions are designed to compare two durations: a minute versus a second, a week
versus a month, and a month versus a year. The fourth question concerns the number of hours
making up a day. For the first four questions in the “Clock (CLO)” item, children have to
choose among five analogue clocks the one corresponding to time given by examiner. For the
last question, children have to estimate how many minutes is it to 2 o’clock, looking at an
analogue clock showing 1h and 35 min. The children are then shown four pictures in the
“Ages of Life (AGE)” item, representing a baby, a child, a young man, and an older man. The
three questions focus on the time required to go from one age to another, i.e., baby to child,

child to young adult, and young adult to old man. Each answer is rated 0, 1, or 2 points.
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Scoring is based on responses by 20 adults: from baby to child, the average was 6.3 years (SD
=1, 8), with a range of 4-10 years; from child to adult, the average was 22.4 years (SD = 3,
3), range 15-30 years; from young adult to old man, the average was 36.1 years (SD = 8, 7),
range 20-55 years. When the children’s responses are within these intervals, they score 2
points. One point is given if the answer lies within the following intervals: range of 2—-3.99 or
range of 10.01-15 years for baby—child, range of 5-14.99 or range of 30.01-40 years for
child—adult, and range of 55.01-90 years for young/old adult. No point is awarded for the
“don't know” response or for values outside the ranges mentioned. The scores for the “Cyclic
Time (CYC)” or “birthday” items are based on the answers to two questions: “How many
months (and days) is it since your last birthday?”’; “How long (months, days) is it to your next
birthday?” For these two durations between the day of the interview and the previous or next
birthday, no point is awarded for “don't know” answers or for answers of more than 12
months. One, 2, or 3 points are given for mistakes exceeding 3 months, between 1 and 3
months, and less than 1 month, respectively. Finally, at the end of the interview, the examiner
asks the children: “How long have we been here together?” The score for this “Current Time
(CUR)” item is defined in relation to an algorithm based on the difference between the

logarithm of real time and the time given by the children.

2.3  Statistical analysis

The statistical analysis was performed using SAS version 9 software. We used: (1) descriptive
statistics (percentages for categorical variables, means, standard deviations, and ranges for
continuous variables); (2) tests of association between two variables, including the chi-square
test, Student’s ¢ test, and Pearson’s correlation coefficient; (3) linear regression (proc GLM

and proc REG on SAS), to explore the role of different factors on time questionnaire total
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scores (age, gender, IQ and cognitive skills, presence of learning disorder, ADHD

presentation).
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3 Results

3.1  Description of the study population

A total of 33 children with ADHD consulting the Kremlin Bicétre Hospital CRTLA, between
December 1, 2014 and May 31, 2015 were included. The descriptive characteristics of this
population are summarized in Table 1. Mean age was 9.4 years old (SD = 1.0). Concerning
medical records, six (18%) children had a history of minor neonatal problems: prematurity
(35 weeks, n=2; 36 weeks, n=3), oligohydramnios without prematurity (n=1). No children
were extremely premature, and no neonatal infectious diseases were reported. Five (15%)
children had surgery for recurrent otitis. Primary school class distribution was as follows: two
(6.1%) children in second grade, with one of them in a special needs school, 14 (42.4%) in
third grade, seven (21.2%) in fourth grade, eight (24.2%) in fifth grade, and two (6.1%) in
sixth grade. Most of the children with ADHD in our study had DSM-V ADHD inattentive
presentation: 20 (60.6%) children had ADHD combined presentation, and 11 (33.3%)
children had “pure” ADHD inattentive presentation. For 21 (63.6%) children who underwent
the CPT II test, 17 (81%) had a positive CPT II index of confidence, and the mean CPT II
index of confidence was 78.8% (SD = 14.5). Achenbach’s questionnaire was administered to
22 (66.7%) patients, and their ADHD mean score was 67 (SD = 8.5). Finally, for patients with
hyperactivity, the mean index of hyperactivity according to the Conners questionnaire was

72.3 (SD =12.9).

3.2  Comparison between children with ADHD and TD children

13



The TD population in our study was taken from a cohort of 105 children included in a survey
in 2012: 57 (46%) girls and 48 (46%) boys, aged 6.2—11.1 years. In total 33 children were
selected matching their age and gender with those of the 33 children with ADHD (Table 2).
There was no significant difference in age, gender, or school grade between the group of

children with ADHD and TD children.

Table 3 shows the TkQ results comparing children with ADHD and TD children, by age
group. The age effect was significant for all subtests except orientation. The group effect
(ADHD vs. TD children) was significant for all subtests (p<0.0001 for subtotal and total TkQ
scores). The age group interaction was significant for the time units (TU) and ages of life
(AGE) subtests (p=0.003) and for the total score (p=0.005), with a greater difference between
children with ADHD and TD children in the younger age group than in the older age group.
The mean TkQ total score of children with ADHD in the fourth to sixth grades was lower than
the average TkQ total score of TD children in second and third grades (30.1 vs. 33/39).
Finally, it is interesting to note that variability in performance was greater in children with
ADHD than in TD children (SD = 7.6 vs. 3.4) in both age groups. Figures 1 and 2 show the
significant difference between children with ADHD and TD children of the same age in the

acquisition of TK.

In the younger age group (second and third grade), children with ADHD failed more
frequently in the TU test compared with TD children. Whereas the younger children in the TD
group gave correct answers to almost all of the four questions of the TU test (average score
3.9/4), children with ADHD in the same age range responded correctly to less than three
questions on average (score 2.8/4). Estimates in the AGE item also highlighted difficulties for

younger children with ADHD. Their average score for this item was half that of the TD group
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(2.6 vs. 5.3/6). Younger children with ADHD also had difficulties answering questions on the
CYC and the birthday items. The average score of the younger children with ADHD was 2.5
whereas younger TD children scored an average of 4.4/6. Finally, concerning the CUR item,
the average score of the younger children with ADHD was half that of the TD children of the

same age (4.1 vs. 8.5/10).

3.3 Factors associated with the TkQ total score in children with ADHD

There was no significant association between scores for inattention and hyperactivity-
impulsivity and the TkQ total score (p > 0.50). Nor was there any significant association
between the CPT II index of confidence for ADHD > 70% and the TkQ total score (p = 0.58).
Concerning Wechsler 1Q, the TkQ total score was significantly linked to the Verbal
Comprehension Index score (r = 0.38, p < 0.05) and the Working Memory Index score (r =
0.48, p < 0.05). These correlations were no longer significant after correction for multiple
comparisons. Overall, 14 (42.4%) children with ADHD had reading and written expression
disorders, 12 (36.4%) had developmental coordination disorder, and 11 (33.3%) children
presented difficulties in mathematics according to the EDA assessment. There was no

significant association between having one of these comorbidities and the TkQ total score.
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4 Discussion

Our study shows TK impairment in young children with ADHD, compared with TD children

matched for age and gender.

Our study population included 79% of boys, close to figures for ADHD given in the literature:
77% in Europe and 85% in France [19]. The mean age of the children was 9.5 years,
corresponding to the mean age at diagnosis in France [19]. The intellectual profile of our
ADHD population, with a significant difference between the Verbal Comprehension Index
(VCI) and Perceptual Organization Index (POI) in favor of VCI, has been found in other
studies and has been associated with developmental coordination disorder comorbidity [27].
The children in our population were recruited in a learning disorder reference center in Paris.
Learning disorders are a common gateway for ADHD diagnosis, and 30-50% of children with
ADHD have learning disorders [19]. Furthermore, 73% of ADHD families report the
initiating of diagnostic procedures in the context of difficulties encountered in school [19],
and teachers are often in the front line for reporting children with ADHD difficulties (78.3%
of children with ADHD) [28]. Therefore, our study population seems to provide a
representative sample of children with ADHD in relation to the population diagnosed in
France. Concerning associated learning disorders, 42% of the children with ADHD in our
study presented additional reading and written expression disorders. Indeed, reading and
written expression disorders are frequent among children with ADHD (from 25 to 40%) [29].
No correlation was found between Achenbach’s ADHD score and the CPT II index of
confidence for ADHD. The Conners and Achenbach questionnaires show good internal
validity and have been used in several studies of children with ADHD. However, the French
Health Authority (Haute Autorité de Santé) specifies that “questionnaires are useful in
assessment processes but are not sufficient to diagnose ADHD” [19].
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According to Barkley, the symptoms of children with ADHD result first from difficulties in
understanding time conception and chronology [13]. TK has not been specifically studied in
children with ADHD [16]. A strength of our study is the use of a specific TkQ that is a
standardized assessment tool for TK in children. Its relevance has been objectified in several
previous studies of TD children as well as diseased children [7,8,20]. The present study has
shown a very significant gap between children with ADHD and TD children of the same age
in the acquisition of TK. This confirms the existence of time conception difficulties in
children with ADHD. The gap between children with ADHD and TD children was more
marked among younger children in second and third grades, suggesting that ADHD is
associated with a delay in the acquisition of TK at the beginning of primary school. We also
noted similar scores for children with ADHD at the end of primary school and TD children at
the beginning of primary school in many TkQ subtests such as OR, SEQ, and TU.” For the
items AGE and interview duration or CUR, the results obtained for older children with
ADHD were even lower than those obtained for younger TD children. Thus, the delay in the
acquisition of time conception in children with ADHD persists at the end of primary school,
although children with ADHD seem to be able to acquire certain aspects of time conception.
Among the time questionnaire items, the understanding and use of time markers was one of
the most frequently failed skills by children with ADHD compared with TD children of the
same age. Time orientation (current full date and time of day), time sequences (months and
seasons), and using time units (seconds and minutes, number of hours in a day) are
particularly difficult for children with ADHD. Correct use of these time markers requires
written language abilities, skills in mathematics and especially the ability to compare
quantities, as well as working memory. Estimating a person’s age and the age gap between
two people also seems to be difficult for children with ADHD. Thus, it is difficult for these

children to estimate long periods (in years). Once again, this skill mainly involves
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mathematical ability: analog time representation (e.g., positioning a number on a line) and
mental arithmetic. Working memory is also mobilized in this exercise. The children in our
study also found it difficult to count months since their last birthday and months until their
next birthday. In addition to knowing the months of the year in order, this test involves
conventional TK, i.e., number of days in a month, and number of months in a year. Once
again, the answer requires working memory in the form of mental arithmetic. Finally, the
children with ADHD made more mistakes in estimating interview duration than did the TD
children of the same age. This item reflects verbal and digital forms of retrospective time
perception assessment, and mobilizes working memory. To sum up, children with ADHD
failed mostly in the items that require primarily verbal abilities, mathematical skills, and

working memory.

The present study shows links between the time questionnaire total score and the Working
Memory Index (WMI). Using time markers (seconds, minutes, hours, days of the week,
months, seasons) seems to be particularly related to working memory (p < 0.01). Therefore,
time conception difficulties in children with ADHD could be related to working memory
capacities. Concerning the psychometric assessment of children with ADHD, our study also
found a significant association between the VCI and the time questionnaire total score.
Indeed, to succeed on the time questionnaire, children have to understand questions that are
asked orally by the examiner before they can respond. Thus, specific time vocabulary must be

29 ¢ 29 ¢

known (“months,” “seasons,” “seconds,

29 ¢

minutes”). This link therefore appears to be related
to the way in which children’s TK is assessed in the study rather than to a causal link with the

time conception disorders in ADHD.

Finally, our study did not find any link between ADHD presentation and time conception
skills. Hyperactivity—impulsivity co-occurring with attention problems does not seem to affect
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skills in the conception of time. However, a limitation of our study concerned the low number
of children for this subgroup analysis. In the current literature, the results of studies on the
links between ADHD presentation and time conception remain contradictory, but most of
them have found no significant links [15,16]. Further studies with bigger samples and aimed
at comparing “pure” inattentive ADHD with combined or “pure” hyperactive—impulsive
ADHD could determine more formally the reality of any link between ADHD presentation

and time conception skills in these children.

Overall, this is one of the first studies presenting evidence of a significant difference in TK
between children with ADHD and TD children. These results should encourage future
research to investigate TK while taking into account the role of ADHD and its comorbidities
(e.g., developmental coordination disorder, learning disabilities), executive function and
cognitive difficulties, number processing and calculation problems, as well as language-

related difficulties.

5 Conclusion

International guidelines for children with ADHD mention difficulties in managing time and
daily activities in school, and recommend psychomotor rehabilitation and/or teaching
strategies for adults caring for children with ADHD [19,30]. Nevertheless, none of them
addresses time conception difficulties in children with ADHD compared with TD children of
the same age, and no standardized scale is available to healthcare professionals to assess the
different time conception skills. As a result, these difficulties are not screened for and are not
taken into account in the care of children with ADHD. Children with disabilities encounter
difficulties in daily functioning related to time conception problems: organization and
planning difficulties, as well as empowerment difficulties [18]. Compared with previous
studies on time conception in children with ADHD, our study has the advantage of proposing
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an easy, practical, and relevant standardized tool to objectify and track time conception

difficulties in children with ADHD.
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Table 1: Characteristics of children with ADHD

Baseline characteristics

n

Age (mean ++ SD)

Gender male, n (%)

Right-handed, n (%)

Wechsler scales, mean ++ SD (range)

33
94+10
26 (78.8)
29 (87.9)

VCI 103 + 12 (88-132)
POI 89 £ 14 (60-119)
WMI 91 £ 12 (70-115)
PSI 93 + 14 (71-118)
Associated specific learning disorder, n (%) 22 (66.7)
ADHD characteristics
DSM V ADHD presentation, n (%)
inattentive 11 (33.3)
hyperactive 2(6.1)
combined 20 (60.6)
CPT II index for ADHD
n (%) 21 (63.6)
Mean + SD 78.8 £14.5
Significantly positive index, n (%) 17 (81.0)

Abbreviations: VCI: Verbal Comprehension Index; POI: Perceptual Organization Index;
WMI: Working Memory Index; PSI: Processing Speed Index;
ADHD: Attention deficit hyperactivity disorder;

DSM: Diagnostic and Statistical Manual of Mental Disorders;
CPT II: Continuous Performance Test version II;
SD: standard deviation.
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Table 2: Comparison of age, gender, and grade between children with

ADHD and typically developing children (TD)

Group ADHD TD
n=33 n=33
Age*, mean + SD 94+1.0 95+0.9
Gender, n (%) M 26 (78.8) 26 (78.8)
F 7(21.2) 7(21.2)
Grade, n (%) Second 2(6.1) 0

Third 14 (42.4) 13 (39.4)

Fourth 7(21.2) 11 (33.3)
Fifth 8(24.2) 9 (27.3)
Sixth 2 (6.1) 0

*p 0.62

Abbreviations: M: Male; F: Female; SD: standard deviation;
ADHD: attention deficit hyperactivity disorder; TD: typically
developing children.
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Table 3: Time Knowledge Questionnaire (TkQ): comparison of children with ADHD and typically developing children

(TD), according to age

Score max Second and third grades Fourth and fifth grades All children p

ADHD (n = 16) TD (n=13) ADHD (n =17) TD (n =20) ADHD (n =33) TD (n=33) p(age)  p(group) p (interact)
OR total 5 4.1 (1.2) 4.8 (0.3) 44 (0.7) 49 (0.3) 42 (1.0 49 (0.3) 0.282 0.001* 0.43
SEQ total 3 1.6 (0.8) 2.3 (0.8) 2.1 (1.1) 2.6 (0.6) 1.8 (1.0) 2.4 (0.7) 0.072 0.008* 0.475
TU total 4 2.8 (1.1) 39 (0.2) 3.8 (0.4) 3.9 (0.3) 3.3 (0.9) 3.9 (0.2) 0.004*  0.0001* 0.003*
CLO total 5 3.1 (1.0 3.8 (0.8) 42 (0.7) 4.7 (0.4) 3.7 (1.0 4.3 (0.7) <0.0001* 0.0063* 0.668
Total 1 17 11.6 (2.6) 149 (1.7) 14.5 (2.0) 16.0 (1.0) 13.0 (2.7) 15.6 (1.4) <0.0001* <0.0001%* 0.0723
AGE total 6 2.6 (2.2) 5.3 (0.6) 4.6 (1.6) 4.8 (1.4) 3.6 (2.1) 5.0 (1.2) 0.057 0.0004*  0.0032*
CYC total 6 2.5 (2.3) 44 (1.6) 4.6 (1.5) 54 (1.0) 36 (2.2) 5.0 (1.3) 0.0004*  0.002* 0.203
Total 2 12 5.1 (3.4) 9.7 (1.8) 92 (2.3) 10.2 (1.8) 7.2 (3.5) 10.0 (1.7) 0.0003*  <0.0001*  0.0047*
CUR total 10 4.1 (3.6) 8.5 (1.6) 6.4 (2.9) 8.9 (1.3) 53 (34 8.7 (1.4) 0.036*  <0.0001* 0.13
Total
TkQ 39 20.7 (7.0) 33.0 (3.8) 30.1 (5.1) 35.1 (29) 25.5 (7.6) 343 (3.4) <0.0001* <0.0001*  0.0045%*

Values are means (Standard Deviation). p: according to the age; according to the clinical group; according to the interaction of the two parameters.

ADHD: attention deficit hyperactivity disorder; OR: orientation; SEQ: sequences; TU: Time Units; CLO: Clock knowledge; AGE: Ages of life;

CYC: Cyclic time; CUR: Current time.
Total 1: sum of OR. SEQ. TU and CLO scores. Total 2: sum of AGE and CYC scores.

>X<p <
0.05
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Figure 1: Time knowledge total score for children with ADHD and typically
developing children (TD): beginning of primary school

ADHD: attention deficit hyperactivity disorder

Figure 2: Time knowledge total score for children with ADHD and typically
developing children (TD): end of primary school

ADHD: attention deficit hyperactivity disorder
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