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Abstract

Increasing evidence supports the existence of time-related impairments in school-aged children and adults with Attention-
Deficit/Hyperactivity Disorder (ADHD), but this deficit has not yet been investigated in preschoolers with ADHD. The aim
of the current study was to determine the extent to which time-related impairments can be identified within the context of
parent—child interactions in preschoolers with ADHD. Participants for this study included 29 children with ADHD and 34
typically developing (TD) children (63.5% male; M,,. = 4.77, SD = 0.65; 82.5% Hispanic/Latinx), and their parents. A ten-
minute play session was video-recorded for each parent-child dyad. The verbal interactions were transcribed and coded for
words/expressions related to the categories of time (e.g., “later”, “tomorrow”), as well as mathematics (e.g., “two more”,
“some”), and space (e.g., “here/there”, “behind”). The proportion of tokens (total number of terms) and types (different
terms) of each category was calculated in relation to the total verbal production for each individual (i.e., parents and children
separately), and differences between groups were analyzed. Results indicated that compared to TD children, children with
ADHD showed a poorer vocabulary of time-related words (d = 0.63), whereas similar rates between groups were found for
the math- and space-related words. Correlation analyses revealed significant associations between the types of time-related
words used by children, and problems with attention and executive functioning. These results offer some evidence for not
only the presence of time-related deficits in preschoolers with ADHD, but also the association between time-related deficits
and impairments in cognitive functioning.

Keywords Time processing deficit - Time-related words * Attention-Deficit/Hyperactivity Disorder * Preschool - Parent—child
interaction

Highlights

e Time-related impairments characterize individuals with ADHD, but they have never been investigated in preschoolers
with ADHD.

e A poorer vocabulary of time-related words was found in preschoolers with ADHD, compared to controls.

e Preschoolers with ADHD and controls showed similar rates of math- and space-related words.

e Significant associations between the types of time-related words used by children, and problems with attention and
executive functioning, were identified.

The capability of processing and estimating time, also
definable as sense of time or temporal cognition (Zakay &
Block, 1997), is a fundamental and complex function in
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(ADHD; Hart et al., 2012; Noreika et al., 2013; Toplak
et al., 2006). ADHD is a neurodevelopmental disorder
characterized by inattention and/or hyperactivity/impulsiv-
ity, associated with poor social, behavioral, and academic
outcomes (American Psychiatric Association, 2013; Currie
& Stabile, 2004; Ros & Graziano, 2018). Theoretical
models of neuropsychological functioning, such as the triple
pathway model, recognizes that individuals with ADHD
have deficits in timing, inhibition and delay (Sonuga-Barke
et al., 2010). Alterations in temporal cognition may repre-
sent a primary cause of key symptoms in ADHD, and the
assessment of time estimation skills has been recently
hypothesized to be a potential useful method for differential
diagnosis, distinguishing between confirmed cases of
ADHD and other psychiatric disorders characterized by
symptoms similar to that of ADHD (Walg et al., 2017).

Time-Related Skills in Preschoolers

Literature on temporal cognition and time comprehension in
typically developing preschoolers offer insights that are
meaningful for the purposes of the present study. A sense of
time is exhibited as early as infancy, and improvements in
temporal skills are observed between 3 and 10 years of age
(Droit-Volet, 2013). By age 5, children’s time processing
skills are associated with short-term memory span and the
development of attention and executive functioning (EF;
Zg€lanti & Droit-Volet, 2011), working memory and infor-
mation processing speed (Droit-Volet & Zélanti, 2013).
More specifically, a recent study in 4-year-old children
demonstrated the association between time comprehension
and the ability to delay gratification, such that preschoolers
who performed at chance level in a time estimation task,
showing scarce comprehension of the time concept, had
more difficulty waiting during a delay-of-gratification task
(Zmyj, 2018).

Time processing difficulties can be identified with both
behavioral tasks (e.g., time reproduction, time estimation,
time discrimination; Plummer & Humphrey, 2009; Smith
et al.,, 2002) and self- or proxy-report questionnaires (e.g.
“It’s About Time” questionnaire; Barkley, 1998). However,
preschool children are often not aware of the passage of
time and its relevance since time judgments are context-
dependent at this age (Droit-Volet, 2013). For this reason,
use of experimental tasks for assessing time processing, in
which explicit time judgment are required, can lead to an
inaccurate estimation of children’s time-processing skills.
However, when the duration of daily activities is in ques-
tion, children are able to accurately judge the length of
temporal intervals as early as 3-5 years (Friedman, 1990).

One way for investigating temporal cognition, not yet
applied to children with ADHD, is through analysis of
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caregiver-child verbal interactions to identify abnormal
patterns in the use of time-related terms. Play sessions in
which the child interacts with his/her caregiver, are ecolo-
gically valid situations in which spontaneously produced
language can be observed. A similar approach has been
used, to investigate the use of temporal terms in children
from different socio-economic backgrounds (Rosemberg
et al., 2014). As pointed out by this last study, children’s
understanding of time concept is not directly observable.
Language allows individuals to conceptualize the abstract
aspects of temporality. By analyzing linguistic production,
it is possible to identify indicators of understanding of time
concept, such as the time-related terms produced in verbal
interactions (Rosemberg et al., 2014). Because children
acquire linguistic terms for describing time-related concepts
during the preschool years (Busby Grant & Suddendorf,
2014), 4-5 years of age is an optimal period for investi-
gating this issue. At this stage of development, children are
able to produce time-related terms such as temporal (e.g.,
always) or sequential (e.g., after) adverbs, adverbial phrases
(e.g. in the afternoon), and nouns referring to time (e.g.,
minutes; Busby Grant & Suddendorf, 2014; Rosemberg
et al., 2014).

To date and to the best of our knowledge, the literature
has not directly analyzed the association between the use of
temporal terms by children and their actual time-related
skills. However, a few recent studies could shed some light
on this topic. For example, Tobia et al. (2019) analysed the
predictive power of a questionnaire investigating pre-
schoolers’ “sense of time” on time processing tasks. Results
demonstrated a significant association between teachers’
reported “sense of time” and tasks of time reproduction and
time discrimination both concurrently and longitudinally
(Tobia et al., 2019). This finding is noteworthy because the
majority of the items on the “sense of time” teacher ques-
tionnaire related to the use of temporal terms and time-
related speech (e.g., spontaneous references to durations in
their speech), thus supporting the existence of an associa-
tion between use of temporal terms and performance in time
processing tasks. Furthermore, it has been hypothesized,
starting from studies investigating how children learn tem-
poral terms (e.g., Tillman et al., 2017), that the use of
temporal terms in children’s language provides the primary
source of the temporal reasoning system (Tillman, 2019).

Time-Related Skills in Children with ADHD

Time processing deficits characterize the profile of ADHD
in school-aged children (Houghton et al., 2011; Huang
et al., 2012; Meaux & Chelonis, 2003; Smith et al., 2002;
Walg et al., 2015), potentially affecting daily routines, home
and school activities, and social relations. However, despite
many results reflecting time-related deficits in ADHD, these
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findings are equivocal, and some studies have reported no
significant temporal or timing deficits in this population
(e.g., Brown & Vickers, 2004).

Despite the increasing evidence of time processing def-
icits in older children and adults with ADHD, there is
limited research examining these processes as early as
preschool. Some evidence comes from the administration of
the Behavior Rating Inventory of Executive Function-
Preschool Version (BRIEF-P; Gioia et al., 2003), containing
a Plan/Organized subscale that assesses behaviors related to
time management, estimation of time and organization of
steps directed to a goal. Preschoolers with ADHD score
significantly worse on the Plan/Organized scale when
compared to typically developing controls (Mahone &
Hoffman, 2007). However, considering the inconsistent
validity of the BRIEF subscales (Spiegel et al., 2017),
Mahone and Hoffman’s (2007) result may reflect general
self-regulation problems in preschoolers with ADHD, rather
than a difficulty specifically related to time management.
Similarly, Marks et al. (2005) assessed memory of time in
preschoolers with ADHD and found that children with
ADHD demonstrated significantly weaker temporal
sequencing performance compared to typically developing
peers. However, results indicated weaker observed perfor-
mance may be a byproduct of deficits in nonexecutive
abilities, and not directly related to a specific memory of
time deficit. The well-known deficits in working memory,
attention, speed of processing (Kalff et al., 2005; Mahone &
Hoffman, 2007), and delayed gratification (Pauli-Pott &
Becker, 2011) in preschoolers with ADHD support the
expectation of finding weaker time-related skills in this
population. Furthermore, deficits in time processing skills
may be associated with deficits in EF and symptoms of
ADHD (Zélanti & Droit-Volet, 2011).

Math- and Space-Related Difficulties in Children
with ADHD

Underachievement in students with ADHD has been iden-
tified across both the literacy and mathematics domains
(Barry et al., 2002), with particularly severe problems in
learning mathematics. However, these deficits have been
partly interpreted as consequences of poor attention and EF,
associated with ADHD and essential skills for determining
mathematical knowledge and procedures (Zentall, 2007).
Considering the developmental path of learning skills in
children with ADHD, deficits in mathematical learning
become progressively larger with age, with discrepancy
between IQ scores and achievement in mathematics
increasing in older students (Nussbaum et al., 1990).
However, little is known about the mathematical skills of
preschoolers with ADHD. The investigation of math-related
words during play interaction can be an indirect way to

investigate the onset of such learning difficulties among
young children (Anderson, 1997; Blevins-Knabe & Musun-
Miller, 1996).

One cognitive process associated with mathematical
skills as early as preschool is spatial ability (Cornu et al.,
2018; Verdine et al., 2014). Visuo-spatial deficits have been
identified in some samples of children with ADHD. In
particular, children with ADHD performed more poorly on
tasks assessing visuo-spatial working memory (Alloway &
Stein, 2014; Westerberg et al., 2004) and on the spatial
tasks of the WISC-R and WISC-V (Bonafina et al., 2000;
Raiford et al., 2015). However, visuo-spatial difficulties
dissipate in early adolescence (Westerberg et al., 2004), and
data on preschoolers are still limited.

The Present Study

To date, no research has directly investigated time-related
difficulties in children aged 4-5 years with ADHD. As
Pauli-Pott and Becker (2011) suggested, it is important to
isolate time windows suitable for an early reliable assess-
ment of the deficits associated with ADHD. This study
contributes to the literature by investigating the time-related
deficit characterizing ADHD in preschoolers through the
analysis of parent—child interactions. In the past, some
studies observed language production during interactions
between parents and children with ADHD, mainly for
investigating the use of language to guide and control
children’s behavior (Bindman et al., 2013) or analyzing
children’s pragmatic language abilities (Camarata & Gib-
son, 1999). Thus, it is possible to investigate the role of
parents’ linguistic input in relation to key features of ADHD
through the analysis of the verbal interactions between
parents and their children. Analyzing both children’s and
parents’ production of time-related words will therefore
clarify the extent to which caregiver linguistic input relates
to children with ADHD’s time-processing difficulties. Poor
time-related language in children with ADHD, in a situation
in which the linguistic input by their parents is adequate,
will offer evidence in favor of a time processing deficit in
ADHD independent from environmental influences.

The primary aim of the present study was to examine
temporal cognition in a sample of preschoolers with ADHD,
compared to typically developing peers. We investigated
this issue by observing parent-child play interactions and
analyzing the use of time-related words in spontaneous
verbal production. We hypothesized that verbal interactions
between children with ADHD and their parents would
contain a weaker set (in terms of quantity and diversity) of
time-related terms, compared to typically developing peers,
whereas similar quantity and diversity were expected for
math- and space-related words. Difficulties related to these
domains may indeed emerge later in development, as a
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consequence of poor EF (Zentall, 2007). This result would
offer some evidence in favor of an early time-related deficit
as a neuropsychological marker in children with ADHD
(Sonuga-Barke et al., 2010), and would support the exis-
tence of this deficit in the preschool age group. Further-
more, this would be the first investigation of temporal
cognition obtained by the analysis of spontaneous verbal
production during child-parent play interactions in children
with ADHD. The consideration of parents’ utterances
would determine if time-related language in children with
ADHD is associated to time-related expressions used by
their parents.

The secondary aim was to examine the associations
between the time-, math- and space-related words and core
features or impairments that characterize ADHD in pre-
schoolers (e.g., symptom severity, EF, and academic and
cognitive functioning). Past studies with typically devel-
oping children suggest links between time and EF, as well
as attentional skills (Zélanti & Droit-Volet, 2011). The
current study will expand such works by examining these
associations in preschoolers with ADHD. Deficits in

academic functioning, higher rates of hyperactivity and
attention problems, as well as weaker EF characterize the
profile of children with ADHD (Kalff et al., 2005; Mahone
& Hoffman, 2007). Furthermore, attention and EF are
related to both temporal cognition (Zélanti & Droit-Volet,
2011) and mathematical ability (Zentall, 2007). Thus, we
expected greater time-related word production would be
associated with fewer attention problems, better academic
performance, and better EF.

Method
Participants

The sample included 29 children with ADHD (79.30%
males, mean age = 4.85 +0.56 years old) and 34 TD (50%
males, mean age =4.71 +0.72 years old) children. Sample
demographics and screening variables for both groups are
described in Table 1. For each participant, a parent was
involved including 28 mothers and 1 father of children with

Table 1 Participants’
demographic and screening

variables

ADHD (N =29) TD (N =34)
Child sex (% male) 79.30 50.00*
Child age (mean) 4.85 (0.56) 4.71 (0.72)
Child ethnicity (%Hispanic/Latino) 79.30 85.30
Child prime language (%)
English only 44.80 29.40
Spanish only 6.90 2.90
English and Spanish 44.80 64.70
Other 3.40 2.90
Caregiver age (mean) 35.83 (6.43) 35.91 (4.82)
Caregiver level of education® (mean) 4.69 (1.26) 5.00 (0.89)

Child full scale IQ (Mean)

BASC-2 hyperactivity T-score parent (mean)

96.45 (14.45)
71.10 (12.71)

108.15 (10.60)**
43.97 (7.26)%*
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BASC-2 attentional problems T-score parent (mean)
BASC-2 hyperactivity T-score teacher (mean)
BASC-2 attentional problems T-score teacher (mean)
BRIEF plan/organize T-score (Mean)

BRIEF global executive functioning T-score (mean)
Head—toes—knees—shoulders total score

WI-III achievement standard score (Mean)

Total number of tokens produced by children

Total number of tokens produced by parents

Total number of types produced by children

Total number of types produced by parents

65.65 (7.87) 45.68 (6.79)**
68.76 (2.28) N/A
61.52 (1.25) N/A

66.41 (14.41)
73.00 (13.77)
14.21 (14.09)
104.68 (16.06)
342.83 (141.53)
730.03 (207.98)
158.55 (45.72)
256.76 (44.62)

4738 (11.23)%*
44.12 (7.81)%*
27.41 (12.10)%*
117.94 (11.27)%*
382.59 (149.57)
757.15 (217.38)
176.85 (49.39)
277.21 (54.34)

Note: ADHD Attention-Deficit/Hyperactivity Disorder, BASC-2 Behavior Assessment System for Children,
2nd Edition, BRIEF Behavior Rating Inventory of Executive Function.

*p <0.01 significant group differences, **p <0.001 significant group differences.

#1 = Some high school, 2 = High school graduate, 3 = Some college, 4 = Associates degree, 5 = College

graduate (bachelor degree), 6 = Advance graduate (masters, MBA, MD, Ph.D, JD).
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ADHD and 28 mothers and 6 fathers of TD children. Par-
ents of children in the two groups were balanced for age and
level of instruction (see Table 1).

Participants were recruited via brochures, radio and
newspaper ads, involving local preschools and mental health
agencies, open houses, and parent workshops. A total of 78
families responded, 40 of whom indicated having children
with behavioral problems. A screening appointment was
scheduled for all 78 families, and written informed consent
was provided by the primary caregivers of all the partici-
pants. Due to technical problems with the transcription of
child-parent interactions, 6 children in the group of children
with behavioral concerns were excluded from the sample.
For the selection of the ADHD group, the following criterion
were applied to the remaining 34 children initially identified
as having behavioral problems, leading to a sample of 30:

(a) Meeting DSM-IV criteria for a diagnosis of ADHD
(n=21),

(b) Meeting DSM-IV criteria for a diagnosis of opposi-
tional defiant disorder (ODD) plus having clinically sig-
nificant levels of hyperactivity or inattention (n=7) as
indicated by:

(bl) at least 6/9 items of Inattention or Hyperactivity/
Impulsiveness scored as “Pretty much” and “Very much”
on the parent version of the Disruptive Behavior Disorder
Rating Scale (DBD; Pelham et al., 1992),

(b2) a T-score of 60 or higher on the Hyperactivity and
Attention Problems subscales of the parent/teacher BASC-2
(Reynolds & Kamphaus, 2004) or

(c) Showing hyperactivity and inattention symptoms as
indicated by the (bl) criteria (n = 2).

The diagnosis of ADHD or ODD (criterion a/b) was
obtained through a parent structured interview (Diagnostic
Interview Schedule for Children Version IV; Shaffer et al.,
2000) and parent and teacher rating scales (Pelham et al.,
1992) based on standard practice recommendations (Pelham
et al., 2005) by a psychologist. According to these criterion,
four participants were excluded from the ADHD group.

Children included in the typically developing (TD) group
did not meet DSM-IV criteria for any developmental dis-
order and could not have had elevated levels of hyper-
activity or inattention symptoms as indicated by

(a) a Hyperactivity and Attentional problems T-score <60
on the parent BASC-2 (Reynolds & Kamphaus,
2004), and

(b) less than 6/9 items of Inattention and Hyperactivity/
Impulsiveness scored as “Pretty much” and “Very
much” on the parent version of the Disruptive Behavior
Disorder Rating Scale (DBD; Pelham et al., 1992).

According to these criterion, four children were excluded
from the TD group.

Finally, IQ was measured through the administration of the
Wechsler Preschool and Primary Scale of Intelligence—Forth
Edition (WPPSI-4; Wechsler, 2012), conducted by doctoral
level graduate students under the supervision of a licensed
psychologist (third author). All children were required to have
a full scale IQ score of 70 or higher for inclusion in the current
study. According to this criteria, one additional participant was
excluded from the ADHD group, resulting in a final sample of
29 children with ADHD.

In terms of compensation, families who participated in this
study were provided individualized feedback regarding their
children’s academic performance while those in the ADHD
group were also eligible to receive a summer treatment inter-
vention (Graziano et al., 2014) at a subsidized cost.

Procedure

Two 5-minute play sessions were video-recorded for each
parent-child dyad. In one session, parents were instructed to
direct the play session (parent directed interaction; pdi),
choosing the games and the game-rules; in the other ses-
sion, children were encouraged to lead the game (child
directed interaction; cdi). These CDI and PDI play sessions
are routinely done in parent training research, specifically
parent—child interaction therapy (PCIT; Hembree-Kigin &
McNeil, 2013). The play sessions were transcribed and
coded for identifying words and expressions related to time,
mathematics, and space. Time words/expressions included
temporal adverbs (e.g., “later”, “always”), temporal adver-
bial expressions (e.g., “in the evening”, “for a minute”), and
nouns denoting time (e.g., “week”). Temporal terms were
identified based on past research investigating time-related
words in preschoolers (Busby Grant & Suddendorf, 2014;
Rosemberg et al., 2014). Mathematics words and expres-
sions were derived congruent with past research analyzing
math-related activities and discourses in parent-child and
teacher-child interactions (Anderson, 1997; Blevins-Knabe
& Musun-Miller, 1996; Klibanoff et al., 2006). Mathe-
matics words/expressions included number words, expres-
sions describing quantities (e.g., “all”, “some of”),
manipulation of quantities (e.g., “two more”), and terms
describing shape attributes (e.g., “bigger”, “small”). Space
words/ expressions included terms referring to the location
of objects and people (e.g., ‘“here/there”, ‘“far/near”,
“behind”) consistent with previous studies (Anderson,
1997; Ferrara et al., 2016).

All videos were transcribed into the CHAT (CHILDES
system) format (MacWhinney, 2000). The total number of
words/expressions in the time, math, and space categories
(tokens) and the different terms within a category (types)
were determined for both children and parents by a trained
developmental psychologist. For the 20% of participants
(Syed & Nelson, 2015), tokens and types for the three
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categories were independently coded by a second observer,
showing very good to excellent reliability (»’s = 0.83-0.94).
The second observer was trained by a developmental psy-
chologist based on the math, space, time coding scheme
described above. The percentages of tokens and types in
each category, in relation to the total tokens and types of
words produced by each individual, were then calculated.

Florida International University institutional review
board approved the project.

Measures
Behavioral Functioning

Within the ADHD and TD samples, parents and teachers
competed the Behavior Assessment System for Children,
2nd Edition (BASC-2; Reynolds & Kamphaus, 2004). The
BASC-2 is a widely-used tool that assesses emotional and
behavioral domains. For the purposes of this study, the
Hyperactivity and the Attention Problems T-scores were
used (as = 0.93-0.95; Reynolds & Kamphaus, 2004). This
instrument proved to have adequate concurrent and pre-
dictive validity (see Pelham et al., 2005).

Parents within the ADHD and TD samples also com-
pleted the Disruptive Behavior Disorder (DBD) Rating
Scale (Pelham et al., 1992) to measure symptoms of
ADHD. Each symptom of ADHD is rated on a 4-point
frequency scale from 0 (“not at all”’) to 3 (“very much”). For
the purposes of the present study, the Inattention (a = 0.93)
and Hyperactivity/Impulsivity (a =0.93) scales were used
(Pelham et al., 1992); more information on DBD validity
and reliability can be found in Pelham et al. (2005).

Executive Functioning (EF)

Parents of children of both groups completed the Behavior
Rating Inventory of Executive Function—Preschool version
(BRIEF-P; Gioia et al., 2003). The BRIEF-P assesses five
clinical scales (inhibit, shift, emotional control, working
memory, and plan-organize). Higher scores on clinical scales/
composites are indicative of weaker EF skills. The plan/
organize subscale (o =0.90) and the global composite score
(a=0.98) were used as measures of EF; validity based on
convergence or divergence with a variety of measures and on
internal factor structure was proven (Gioia et al., 2003).
Children were administered the head—toes—knees—shoulders
task (HTKS; Ponitz et al., 2008). HTKS is a widely-used
measure of EF, suitable for preschoolers. In this task, children
are required to follow a set of behavioral rules paired with
conflicting behavioral responses. There are two parts to the
task, each with 10 trials. Prior to each part, children are given a
set of rules (e.g., “touch your head” and “touch your toes”),
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such that the child must respond with the opposite behavior. In
the second part, a new set of rules is added (i.e., shoulders and
knees). Children received two points for a correct response,
one point for a self-corrected response, or zero points for an
incorrect response, with a total possible score of 40. Higher
scores indicate better EF performance. Examinations of the
HTKS revealed 3-month test-retest reliability above 0.90
(Ponitz et al., 2008), good concurrent validity with parents’
ratings of attention and inhibitory control (Ponitz et al. 2009),
and validity in a sample of children with externalizing beha-
vior problems (Graziano et al., 2015).

Academic functioning and 1Q

Children were administered six subsets from the
Woodcock-Johnson Test of Achievement, 3rd Edition (WJ-
III, Woodcock et al., 2001). The six subsets (i.e., applied
problems, calculation, writing samples, letter-word identi-
fication, passage comprehension, spelling) were standar-
dized and combined to create an academic achievement
composite score (@ = 0.85 on our sample), such that higher
scores indicated better academic achievement. Median
reliability coefficients for the subtests were .80 or higher
(Woodcock et al., 2001). Extensive evidence of content,
construct, and concurrent validity of the WJ-III is reported
in the test’s manual (Woodcock et al., 2001).

The full-scale IQ was obtained through the administra-
tion of the WPPSI-4 (Wechsler, 2012) for the age range
4:0-7:7. Reliability values have been found to be between
the good (¢ =0.86) to excellent (a =2>0.90) range, with
FSIQ having 0.96 as internal consistency and 0.93 as
test—retest reliability (Syeda & Climie, 2014). The WPSSI-4
also shows good content validity and internal structure
(Syeda & Climie, 2014).

Data Analyses

All analyses were conducted using Statistical Package for
the Social Sciences, version 25 (SPSS 25). Preliminary
analyses investigated any associations among the dependent
variables and demographics, as well as any difference in the
global number of tokens and types produced by children
and parents in the two groups during interactions. MAN-
OVAs were then conducted to investigate the differences
between children with ADHD (rn = 29) and TD children (n
=34) in parents’ tokens and types used for each semantic
category (i.e., time, math, space). Finally, correlation ana-
lyses on the entire sample were conducted to determine if
the variables of interest (tokens and types) were associated
with demographic variables (parents’ educational level,
children’s 1Q), ADHD-related symptoms (Hyperactivity
and Attentional problems subscales of the BASC-2; Rey-
nolds & Kamphaus, 2004); children’s EF (measured with
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the BRIEF; Gioia et al., 2003, and via the HTKS task;
Ponitz et al., 2008); and children’s academic functioning
(WI-III; Woodcock et al., 2001).

Results
Preliminary Analyses

Preliminary analyses examined any potential associations
between demographic variables and the study’s outcomes.
There were no significant associations between demographics
and the study’s dependent variables. In particular, no sex dif-
ferences emerged, #s(61) = —1.705-1.963, ps = 0.054-0.737.
However, as seen in Table 1, a significant difference in IQ was
found between children with ADHD and TD. For this reason,
IQ was included as a covariate in subsequent analyses. No
significant differences between groups were found in the total
number of tokens and types produced by children and parents
in the interactions, #s(61)=0.503-1.614, ps=0.112-0.617.
Additionally, associations between child and parent types and
tokens were examined (see Table 2). For both parents and
children, a significant correlation between types and tokens

within each category emerged; therefore, tokens and types of
each category were included together as dependent variables in
subsequent MANCOV As.

Analyses of verbal production
Children

The results of the MANCOVAs run for the time category,
revealed a significant multivariate effect of Group, F(2, 59) =
3.67, p=0.03; ;72 =0.11, and a non-significant effect of the
covariate, F(2, 59)=1.77, p=0.18; 172 =0.06. Children with
ADHD produced a significantly lower proportion of types of
time-related terms compared to TD children, F(1, 60) = 4.45,
p=0.04, d=0.63, whereas time-related tokens were similar
across groups, F(1, 60)=1.03, p=0.31; d=0.21. On the
contrary, for both the math and space categories, the MAN-
COVAs lead to non-significant multivariate results for both
Group, F(2, 59)=0.19, p=0.83; 712 =0.01 and F(2, 59) =
0.05, p=0.95; 172 =0.002 respectively, and for the covariate,
F(2,59)=0.35, p=0.71; 5 =0.01 and F(2, 59)=0.78, p =
0.46; i* =0.03 respectively. Figure 1 represents the percen-
tage of children’s types and tokens in each category.

Table 2 Pearson correlations for

types and tokens in the time, (a) Children Math tokens Time tokens Space tokens Math types Time types
math and space categories, for Time tokens 0.02 _
(a) children and (b) parents
Space tokens —0.07 —0.10 -
Math types 0.88** 0.07 —0.10 -
Time types —0.004 0.86%* —0.15 0.02 -
Space types —0.06 —0.06 0.73%%* —0.09 —0.06
(b) Parents
Time tokens 0.38** -
Space tokens 0.51%* 0.32% -
Math types 0.71%* 0.16 0.05 -
Time types —0.06 0.54%%* —-0.17 0.08 -
Space types 0.07 0.09 0.57%* —0.10 0.001
*p <0.05; **p<0.01.
Children

Fig. 1 Percentage of tokens and
types in the time, math and
space categories, produced by
children with ADHD and with
typical development (TD). *p <
0.05

% of total tokens/types

Time tokens

Time types

i '

Math tokens Math types Space tokens Space types
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Fig. 2 Percentage of tokens and
types in the time, math and
space categories, produced by
parents of children with ADHD
and with typical development
(TD). °p =0.052

o
N O W O e

% of total tokens/types

Parents

The analysis of parent’s verbal production showed a non-
significant effect of Group for all the categories considered:
time-related terms, F(2, 60) =0.25, p =0.78; 772 =0.01, math-
related terms, F(2, 60) =0.42, p = 0.66; 772 =0.01, and space-
related terms, F(2, 60)=2.13, p =0.13; 172 =0.07. It should
be noted that, when looking at the univariate effects, a marginal
significant effect of Group was found for the space-related
tokens, F(1, 61)=3.92, p =0.052; d = 0.50, with parents of
children with ADHD showing a higher number of words
produced within the space category. The percentage of parents’
types and tokens in each category are presented in Fig. 2.

Correlational Analyses

Pearson correlations between types and tokens in the time,
math and space categories, and children’s ADHD symp-
toms, executive functioning, and academic and cognitive
functioning were performed.

Demographic factors

There were no significant associations between children’s
age, caregivers’ level of instruction and the study’s depen-
dent variables.

ADHD symptoms

As seen in Table 3, children’s time types were significantly
correlated with parent rated attention problems, r = —0.34, p
=0.006. Children who showed more time types demonstrated
less attention problems. No other child or parent tokens or
types were significantly associated with ADHD symptoms.

Executive functioning
As seen in Table 3, children displaying a greater number of

time types were reported by parents as having less EF
problems as indicated by the BRIEF Plan-Organize Scale

@ Springer
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and Global Executive Functioning Composite, r = —0.28,
p=0.029 and r=—-0.31, p =0.012, respectively. Correla-
tions between parent’s verbal production and children’s
executive functioning variables revealed that more tokens of
space-related words produced by parents was associated
with weaker EF performance on the HTKS task, r = —0.26,
p=0.04.

Academic and cognitive functioning

As shown by Table 3, no significant correlations were found
between children’s verbal production and their academic and
cognitive functioning. A significant correlation emerged
between parent’s tokens of space-related words and chil-
dren’s 1Q, r=—0.32, p =0.01, with greater use of space-
related words by parents being related to lower child IQ.

Discussion

This study was primarily aimed at analyzing temporal
cognition in preschoolers with ADHD, considering the lack
of research on this topic. The language production—i.e.,
total number of terms within the time, math and space
categories (tokens), and the diversity of these terms
(types)—was examined during parent-child play interac-
tions. Play sessions are ecologically valid situations which
minimize problems related to the request of explicit time
judgments to such young children (Droit-Volet, 2013).
Results indicated that preschoolers with ADHD produced
fewer types of time-related words and expressions com-
pared to TD peers, whereas no group differences were
found for math- and space-related terms. The secondary aim
of the current study was to examine the associations
between children’s and parents’ language production and
children’s ADHD symptoms, executive functioning, and
academic and cognitive functioning. We found that a higher
number of time-related types produced by children was
linked to lower parent-rated attentional problems and lower
executive functioning problems. Furthermore, more tokens
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Table 3 Pearson correlations between types and tokens in the time, math and space categories, demographics and children’s screening measures for

(a) children and (b) parents

(a) Children

Time tokens Math tokens Space tokens Time types Math types Space types

Demographics Caregiver level of instruction ~ 0.03

Child’s age 0.04

ADHD symptoms BASC-2 hyperactivity —0.06
BASC-2 attentional —0.17
problems

Executive functioning BRIEF plan-organize —0.17
BRIEF global executive —0.16
functioning
HTKS 0.07

Academic and cognitive WI-III achievement 0.13

functioning Q 0.03

(b) Parents

Demographics Caregiver level of instruction ~ 0.05

Child’s age —0.06
ADHD symptoms BASC-2 hyperactivity —0.10
BASC-2 attentional —0.04
problems
Executive functioning BRIEF plan-organize —0.04
BRIEF global executive —0.05
functioning
HTKS —0.13
Academic and cognitive WIJ-III achievement 0.05
functioning Q —0.23

0.05 ~0.06 ~0.09 0.04 0.05
—0.11 0.04 0.04 —08 0.03

0.02 0.10 ~0.23 0.07 0.02
~0.04 0.10 —0.34% 0.002 0.02
~0.10 ~0.01 —0.28%  —0.09 —0.04
~0.01 0.04 —0.31* 0.03 —0.02
—0.07 ~0.18 0.20 ~0.02 ~0.17

0.04 —0.05 0.25 0.08 0.04

0.07 ~0.16 0.16 0.08 —0.06

0.18 —0.01 —0.01 0.06 0.09
—0.22 —0.07 —0.06 —07 0.09
—0.13 0.03 —0.10 —0.09 0.05
—0.07 0.19 ~0.11 ~0.10 0.19
—0.02 0.17 ~0.16 ~0.10 0.10

0.03 0.22 ~0.15 —0.08 0.12
—0.15 —0.26* —0.12 0.01 ~0.20
—0.06 —0.22 0.15 0.07 —0.22
—0.11 —0.32% —0.07 —0.02 —0.14

Note: BASC-2 Behavior Assessment System for Children, 2nd Edition, BRIEF Behavior Rating Inventory of Executive Function, HTKS
Head—toes—knees—shoulders task, WJ-IIT Woodcock—Johnson Test of Achievement, 3rd Edition.

##p <0.01; *p < 0.05.

of space-related words produced by parents were associated
with weaker EF performance showed by children on the
HTKS task. Math-related words were not associated with
ADHD symptoms, executive functioning, or academic and
cognitive functioning. The implications of our findings are
discussed below.

Our primary result, namely fewer types of time-related
words used by children with ADHD relative to their TD
peers, suggests that the time processing impairments char-
acterizing ADHD (Noreika et al., 2013) emerge as early as
the preschool age. The current study found early time
processing deficits in children with ADHD in the quality
(i.e., heterogeneity) of time-related language production,
but not quantity. Furthermore, this gap between children
with ADHD and TD was found exclusively for time-related
words, as no significant differences emerged for words in
the math- or space-categories. This is the first direct evi-
dence of deficits in temporal cognition of children with
ADHD as young as preschool.

The lower heterogeneity of time-related words found in
preschoolers with ADHD could be related to the linguistic
input received by their parents. In fact, it is expected that

children’s use of words and verbal expressions is closely
tied to the communicative input they receive by their
caregivers (e.g., Tomasello, 2009), especially for time-
related words (Hudson, 2006; Levy & Nelson, 1994).
However, the present study showed weaker production of
time-related terms in children with ADHD compared to TD
children in a context in which all parents produced similar
amounts of temporal terms. This suggests that fewer types
of temporal terms used by children with ADHD likely do
not lie in the linguistic input they receive from their primary
caregivers, rather are influenced by other variables. Con-
sidering the hypothesis that identifies time processing def-
icits as an independent neuropsychological component, and
as an endophenotype of ADHD (Hwang-Gu & Gau, 2015;
Sonuga-Barke et al., 2010), the reduced heterogeneity of
temporal terms in preschoolers with ADHD may reflect this
specific and early feature of ADHD. Also, it has been
hypothesized that the use of temporal terms in young chil-
dren could support the development of the temporal rea-
soning system (Tillman, 2019), and the assessment of
children with a questionnaire investigating, among other
time-related skills, their use of temporal terms, has been
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found to be predictive of time processing skills measured
with behavioral tasks (Tobia et al., 2019). This literature
supports an important role the use of time-related words
could have in the development of time-related skills. Fur-
thermore, considering children with ADHD underperformed
TD peers only in time-related terms, rather than all three
categories, this result cannot be considered the consequence
of the recognized comorbidity between ADHD and lan-
guage deficits (Tirosh & Cohen, 1998).

Another result of the present study is the lack of differences
found between the ADHD and TD groups in children’s use of
math and spatial words, which may be also related to the young
age of our sample. In accordance with this interpretation, some
studies showed that math difficulties in children with ADHD
are a consequence of their attentional and EF deficits, and tend
to emerge when children are exposed to academic requests
during the school years (Zentall, 2007). A similar path has been
demonstrated for space-related problems, which become
stronger with age when compared to TD’s skills (Westerberg
et al., 2004). It is therefore possible that impairments in lan-
guage production related to the math and space domains would
emerge in the following years, but may not yet be detectable in
preschoolers. Alternatively, it is also possible that math- and
space-related deficits in ADHD would never affect children’s
language production but would emerge only in their perfor-
mance in behavioral tasks and learning. Consistent with this
hypothesis, the current study identified lower academic
achievement in children with ADHD.

Secondary aim of this study was analyzing the association
between the time-, math- and space-related words and core
features characterizing ADHD, specifically EF and achieve-
ment. The current study only found significant associations
between children’s types of time-related terms and attention
problems and executive functioning. These findings are
consistent with past research showing the association of time
processing with attention skills and EF (Droit-Volet &
Z€lanti, 2013; Zélanti & Droit-Volet, 2011). Our findings
contribute to this emerging literature by demonstrating that a
language measure of temporal cognition is correlated with
attention and EF in young children. Additionally, the current
study offers indirect evidence that a profile of high inatten-
tion and low EF, typical of ADHD, is associated with a
weaker temporal cognition, corroborating the group differ-
ences found in the present sample of preschoolers.

As it relates to our analyses of parents’ verbal production,
we found a marginal effect in terms of higher use of space-
related words by parents of children with ADHD. This may be
a function of a greater use of commands as a way to manage
their children’s behavior. In fact, past studies have shown more
frequent use of verbal direction and commands during inter-
actions between caregivers and children with ADHD, com-
pared to TD (Danforth et al, 1991). The present study’s
correlation analyses are partially in line with this interpretation.

@ Springer

More tokens of space-related words were produced by parents
of children with weaker EF and a lower IQ. Unexpectedly,
parents’ education level was not related to their verbal pro-
duction categories. Considering past research demonstrating
mothers with higher SES using longer utterances and more
types of words when they talk to their children (Hoff, 2003), we
expected significant correlations of parents’ verbal production
with this variable. However, the production of terms within the
categories considered in the present study seems to be linked to
children-level variables, more than to parents’ education.
Many studies investigating time-related difficulties in
children with ADHD used wide age-ranges and included
only school-aged and older children (e.g., Houghton et al.,
2011; Smith et al., 2002). The present study is the first
investigation of temporal cognition, in terms of time-related
verbal production, in preschoolers with ADHD. This
responds to the need to clarify time periods for reliable
assessments of specific deficits associated with ADHD
(Pauli-Pott & Becker, 2011). In fact, our results suggest that
the preschool years are an optimal developmental period for
investigating time-related difficulties. Beyond the assess-
ment of such time-related difficulties, time processing skills
should be taken into consideration when planning early
interventions to facilitate everyday functioning for children
with cognitive impairments (Janeslitt et al., 2009). The
individuation of time-related difficulties in children with
ADHD as young as 4, suggests preschoolers may benefit
from interventions aimed at improving time processing
skills. This can be done, for example, by explicitly helping
parents teach their children the meaning and appropriate use
of time-related words and concepts, and by suggesting
strategies for planning and time estimation, as bases of time
management (e.g., Leech et al., 2019; Marlowe, 2000).
This study has some limitations. First, the use of a unique
measure for assessing time-related difficulties, namely the
verbal production within the time category, needs further
validation. Indeed, future studies should include multiple
measures of temporal cognition of preschoolers, such as tar-
geted questionnaires for parents and teachers (e.g., Sense of
time questionnaire; Tobia et al., 2018) as well as behavioral
measures suitable for young children (e.g., temporal bisection
tasks; Droit-Volet & Zélanti, 2013). Obtaining such a multi-
method assessment is critical towards validating the role of
time-related words produced by children as an index of their
temporal cognition. Second, the small sample size of the study
and the higher percentage of males in the ADHD compared to
the TD group are significant limitations. Future studies should
include a larger number of children per group, as well as
samples properly matched for sex, to maximize power. Fur-
thermore, a larger sample would allow to analyze possible
differences in time-related skills in subgroups of children with
ADHD, such as those with only-ADHD or ADHD and ODD,
and to confirm effects that we found as only marginal (i.e.,
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higher use of space-related words by parents of children with
ADHD). Also, larger samples would allow to examine how
contextual factors influence various aspects of parent—child
interactions, included the use of temporal terms. Third, the
majority of the sample was Hispanic/Latinx, which limits the
generalizability of the results. To examine the extent to which
our findings are applicable to non-Hispanic/non-Latinx chil-
dren, these should be replicated in samples of preschoolers that
differ in ethnicity. However, most studies on time-related
impairments in school-aged children with ADHD involve non-
Hispanic/Latinx white (Noreika et al., 2013); therefore, results
of the present study offer some new evidence on time
impairments in Hispanic/Latinx children with ADHD. Finally,
to disentangle the direction of time related impairment and
associated variables (ADHD symptoms and EF), a long-
itudinal study would be needed.

Despite these limitations, the current study has strengths.
This study is the first to identify time related impairments in
preschoolers with ADHD based upon expressed language. It
is also the first to detect these deficits within the context of
parent—child interactions, previously not investigated for this
purpose within ADHD populations. Additionally, our study
showed that significant associations between temporal cog-
nition, attentional sKills and EF can be identified in children as
early as preschool. More work is needed, with future direc-
tions examining whether time-related deficits can be identified
in preschoolers using multiple methods and exploring the
developmental path of time processing impairment. Lastly, it
will be important to examine whether multimodal early
intervention programs that are effective with preschoolers
with ADHD and their parents, such as the Summer Treatment
Program for Pre-Kindergarteners (STP-Prek; Graziano &
Hart, 2016), can also indirectly improve children’s time-
related skills, or whether focused ancillary interventions are
needed to address this underlying impairment.
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