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(ADD/ ADHD), is a neurological phenomenon usually

characterized by lack of attention or concentration, and
sometimes by hyperactivity or impulsivity behaviours. It manifests
in childhood and can engender academic achievement problems
in school™? and low self-esteem, which in some cases, persists into
adulthood. Although attention deficit is often diagnosed around
7 years of age, it seems that in some children it manifests in early
childhood, before school entry.?

Q ttention Deficit Disorder, with or without Hyperactivity

Data from the Québec Longitudinal Study of Child Development
(QLSCD 1998-2010) provide a means of documenting the evolution
of hyperactivity and inattention (HI) behaviours in children from the
age of 32 years, namely from before they entered the education
system. This article covers trajectories of these behaviours between
the ages of 3'2 and 8 years, as reported by a parent, usually the
mother.

To obtain a detailed portrait of the progress of HI behaviours, the
results of our analyses are presented in a scale that combines both
hyperactivity and inattention behaviours, and then a scale for each
taken separately. We then explore associations between trends in
these behaviours and various characteristics assessed in Grade 2
such as the level of HI and academic performance reported by

the teacher, the fact of having received a recognized diagnosis of
attention deficit disorder, with or without hyperactivity (see Box 1),
taking medication to treat HI,* and the type of class the child is in.
When the numbers permit, the results are presented by sex.

Box 1
Attention Deficit Disorder with or without
Hyperactivity (ADD/ADHD)

Although many children present hyperactivity or inattention
behaviours, they are not necessarily caused by attention
deficit disorder with or without hyperactivity (ADD/ADHD).
To be considered as having a disorder, a child must present
symptoms to a degree of frequency and intensity that is
maladaptive and inconsistent with his /her developmental
age. Moreover, according to the DSM-IV, 1) the symptoms of
hyperactivity-impulsivity or inattention that cause impairment
must have been present before the age of 7; 2) some
impairment from the symptoms is present in at least two
settings (e.g. at home and at school); and 3) a clinically
significant impairment in social or school functioning must
be clearly demonstrated.®
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Parental assessment of hyperactivity and
inattention behaviours in their child between
the ages of 32 and 8 years

Hyperactivity and inattention behaviours were measured in the QLSCD
by nine items included in the Interviewer-Completed Computerized
Questionnaire (ICCQ). These were the same items used in the National
Longitudinal Survey of Children and Youth, which themselves were taken
from the Ontario Child Health Study (OCHS) and the Longitudinal and
Experimental Studly of Low Socio-Economic Status Boys in Montréal (ELEM).®
From 2001 to 2004, and in 2006, the person most knowledgeable of the
child (PMK), generally the mother, was asked how often during the past
12 months the child:

(1) Could not sit still, was restless or hyperactive

(2) Couldn't stop fidgeting

(3) Was impulsive, acted without thinking

(4) Had difficulty waiting for his/her turn in games

(5) Couldn't settle down to do anything for more than a few moments
(6) Was unable to wait when someone promised him/her something”
(7) Was unable to concentrate, could not pay attention for long

(8) Was easily distracted, had trouble sticking to any activity

(9) Was inattentive.

The response choices were the following: 1) Never or not true; 2) Sometimes
or somewhat true; 3) Often or very true. Based on the responses to the
aforementioned items, scores were calculated to construct scales which
were then transformed into values ranging from 0 to 10. Three scales
were constructed for each round of the QLSCD for which relevant data
were available — a hyperactivity scale comprising the first six items, an
inattention scale comprising the last three items, and a scale combining
the two types of symptoms. These scales provided an acceptable level
of accuracy. The coefficient of internal consistency (Cronbach'’s alpha) for
the HI scale was between 0.81 and 0.85 according to age. The coefficient
of internal consistency for hyperactivity alone varied between 0.72 and
0.79 between 32 and 8 years of age, and for inattention alone between
0.71 and 0.80 for the same period.

Characteristics examined for associations
with hyperactivity and inattention behaviours
reported by the parent

Hyperactivity and inattention reported by the Grade 2 teacher

The same type of data was collected from the child’s teacher as part of the
Self-Administered Questionnaire for the Teacher (SAQT) when the child was
in Grade 2 of elementary school. Indeed, the items used to construct the

HI scale based on teachers’ responses were the same used to construct
the scale based on the mothers’ responses. A scale with values from 0 to
10 was constructed based on the responses to the nine items. Reliability
was considered to be at an acceptable level as shown by the coefficient
of internal consistency (Cronbach’s alpha = 0.82).

Academic performance reported by the Grade 2 teacher

Academic performance in Grade 2 of elementary school was assessed
using three questions asked of the teacher regarding performance in
reading, writing and mathematics. The response choices were: 1) Near
the top of the class; 2) Above the middle of the class, but not at the
top; 3) In the middle of the class; 4) Below the middle of the class, but
above the bottom; 5) Near the bottom of the class. A scale from 0 to 12
was constructed based on the teacher’s responses, 12 being optimal
academic performance.

Type of Grade 2 class attended

In the Québec education system, particular attention is paid to students
at risk, as well as students with handicaps, social maladjustments or
learning disabilities (SHSMLD).8 These children attend either regular or
special needs classes. Five options are provided, namely 1) integration
in aregular class with support for both teacher and student; 2) integration
in aregular class with participation in a resource class or with support for
the student; 3) homogeneous special needs class comprising students
with the same type of difficulty; 4) heterogeneous special needs class
comprising children with various types of difficulties; 5) special needs
school where more than half of the students are considered to have
special needs.® For this analysis, the Fichier de déclaration des clientéles
scolaires (Declaration of School Enrolment) of the Ministere de I'Education,
du Loisir et du Sport (MELS) (Ministry of Education, Leisure and Sport)
was used to ascertain the status of the students, i.e. special needs or
not, and the type of class attended. Special needs children were divided
into two groups by whether they attended a regular class with support
(categories 1 and 2) or a special needs class (categories 3, 4 and 5). A
third group comprised all other students, namely those with no handicap,
adjustment or learning problems, who attend regular classes.

ADD/ADHD and taking Ritalin®

Beginning in the 2003 round of the QLSCD, parents have been asked
each year whether their child had already been given a diagnosis by a
health professional of attention deficit disorder with or without hyperactivity,
and whether Ritalin® or any type of medications prescribed to treat HI
had been prescribed to him or her in the 12 months preceding the round
of data collection.

Methods

Group-based trajectory modeling was used to describe the progress of
hyperactivity and inattention in the children between 3'2 and 8 years of
age as reported by the parents (see Box 2).
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To document associations between the trajectories obtained and the
various characteristics under study, tests of proportion differences and
analyses of variance (ANOVA) were conducted. The models included
an imputation procedure providing a means of taking into account the
probabilities of belonging to the estimated trajectories and the uncertainty
associated with these probabilities.

Allthe data presented here have been weighted to allow for a generalization
of the results to the target population of the QLSCD. In addition, the
complex sample design of the survey was incorporated in the production
of statistical tests. The results cover a cohort of children born in Québec
in the late 1990s. Therefore, excluded from this analysis are children
who arrived in Québec after being born elsewhere — approximately 9%
of children 8 years of age in 2006.%°

Results

Hyperactivity and inattention symptoms between
32 and 8 years of age

Figure 1 presents the Hl trajectories of children between 3'2 and 8 years
of age as assessed by the parent, generally the mother.

Nearly 8% of children were likely to present a High score on the HI symptoms
scale between 3"z and 8 years of age. The children in this group obtained
a score of approximately 7 out of 10 on the HI scale. At the other end of
the spectrum, those who scored Low and Very Low comprised 39% and

Figure 1
Hyperactivity and inattention (HI) symptoms trajectories in
children from 3% to 8 years of age, Québec, 2001-2004 and 2006
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Source: Institut de la statistique du Québec, QLSCD 1998-2010.

Box 2
Analysis of developmental trajectories

Group-based trajectory modeling was conducted using the “traj” procedure in the SAS software program. The trajectory method can identify
distinct trajectories in a given population and estimate the proportion of the population following each one.™ 28 The estimated group of
children in a given trajectory is based on a probabilistic method and represents the approximate proportion of the population following the same
developmental trajectory.

The hyperactivity and inattention trajectories obtained were based on information provided by parents when the children were 3'%, 4, 5, 6
and 8 years of age.' Note that the criteria used for the trajectory models involved a minimum of four valid measurement times out of the five
possible ones of HI and at least one valid datum among the characteristics under study potentially associated with HI behaviours. Based on the
aforementioned, 1,397 children were eligible to be included in the analysis (4 measurement times: 12%; 5 measurement times: 88%). To determine
the optimal number of groups, trajectory models between one and five groups were tested. The optimal model for both trajectories of HI and
those for hyperactivity and inattention taken separately comprised four groups. This was based on a Bayesian information criterion (BIC). This
criterion is often used to select the model which has the best fit to the data, namely the one with the lowest value and least number of groups.

Joint trajectories complete this descriptive portrait by showing associations between hyperactivity and inattention behaviours. They present
an easily understood summary of the links between two series of trajectories.™® They also provide a means of estimating the proportions of
children in each of the possible combinations of hyperactivity and inattention trajectories.

11
12.
13.

14.
15.
16.

. Source: Fichier d'inscription des personnes assurées de la Régie de I'assurance maladie du Québec (Register of Insured Persons, Québec Health Insurance Board); compiled

by the Institut de la statistique du Québec.
D. S. NAGIN (2005), Group-Based Modeling of Development, Cambridge, Harvard University Press, 201 p.
D. S. NAGIN, and R. E. TREMBLAY (2005), “Developmental trajectory groups: Fact or a useful statistical fiction?,” Criminology, Vol. 43, No. 4, p. 873-904.

D. S. NAGIN, and R. E. TREMBLAY (1999), “Trajectories of Boys’ Physical Aggression, Opposition, and Hyperactivity on the Path to Physically Violent and Nonviolent Juvenile
Delinquency”, Child Development, Vol. 70, No. 5, p. 1181-1196.

HI behaviours were not covered in the questionnaire when the children were 7 years old, but an adjustment was made in the model to account for this.
D. S. NAGIN, op. cit.
B. L. JONES, and D. S. NAGIN (2007), "Advances in Group-based trajectory modeling and a SAS procedure for estimating them,” Sociological Methods Research, Vol. 35, No. 4,

p. 542-571.
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The 38% of children who were in the Moderate trajectory were more likely
to obtain a score between 5 and 10 through the timeline under study.
This could include children who manifested certain behaviours often or
who manifested many behaviours at certain times. However, it should be
noted that the trajectories remained relatively stable over time, with the
exception of the Low trajectory, in which there was a slight downward trend.
Therefore, the findings show that overall, HI symptoms reported by the
parent remained relatively stable over time during this period of childhood.

A similar portrait emerged when HI trajectories were analyzed by sex.
Indeed, in both boys and girls, the same number of trajectories and
trends were obtained as shown in Figure 1. However, more boys than
girls presented a chronically High score of HI symptoms (10% vs. 5%)
or a Moderate score of HI symptoms (43% vs. 33%) (data not shown).
These results are similar to those of other studies which show that a
higher proportion of boys compared to girls present hyperactivity and
inattention problems. 181

Figure 2

A distinction between hyperactivity
and inattention behaviours

The results presented above refer to the HI scale based on combined
symptoms of hyperactivity and inattention. However, it is also relevant to
assess these two categories of symptoms separately. Indeed, combined
trajectories can camouflage differences in the frequency and trends of
each category of symptoms.

As we can see, the children were grouped into four trajectories for both
hyperactivity and inattention behaviours. Overall, the trajectories appear
to be relatively stable over the period studied. Only a small decrease in
reported hyperactivity symptoms was observed from when the children
were 5 years of age. We can also see that the proportion of children in
each trajectory varied with the type of symptoms under study. For example,
9% of children were in the High trajectory of hyperactivity while only 4.3%
were in the High trajectory of inattention. The Moderate trajectory of
inattention, however, contained a larger proportion of children compared
to the corresponding trajectory of hyperactivity (49% vs. 38%).

Hyperactivity trajectories and inattention trajectories in children from 3'2 to 8 years of age, Québec, 2001-2004 and 2006
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Source: Institut de la statistique du Québec, QLSCD 1998-2010.
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To illustrate the associations that can exist between the trajectories of
hyperactivity and inattention symptoms, the joint trajectory procedure
was employed (see Box 2). Table 1 presents the joint probabilities of
belonging to a specific trajectory of hyperactivity and a specific trajectory
of inattention. It shows all the dyadic possibilities of associations between
the two groups of trajectories. The sum of these probabilities is therefore 1.

A strong association between the manifestations of the two types of
symptoms emerged from our analysis. Indeed, it is estimated that 81% of the
children in a specific hyperactivity trajectory were found in the corresponding
inattention trajectory (as derived from the sum of the proportions of the
diagonal starting from the upper left corner of the table to the lower right
one). The other children (19%) were in the adjacent trajectories. In fact,
the probability of a child being a little or not inattentive and of presenting
a High level of hyperactivity, as well as the probability of a child having a
High level of inattention and being a little or not hyperactive, was nearly
zero. Overall, it is estimated that 5% of children 8 years of age were likely
to present a High score of both inattention and hyperactivity throughout
the period of time under study. It should be noted that the estimated
prevalence of ADHD in school-aged children considerably varies among
studies, ranging from 2% to 12%.2022223 However, meta-analyses of studies
based on combined methods (e.g. assessments by parents and teachers,
measurements of functional deficits) obtain estimates of the prevalence
of ADHD closer to 5%.242526

Table 1
Joint probabilities of hyperactivity and inattention trajectories in
children from 3'2 to 8 years of age, Québec, 2001-2004 and 2006

Hyperactivity trajectories

Very Low Low Moderate High
Inattention trajectories
Very Low 0.12 0.03 0.00 0.00
Low 0.02 0.30 0.04 0.00
Moderate 0.00 0.06 0.34 0.04
High 0.00 0.00 0.00 0.05

Source: Institut de la statistique du Québec, QLSCD 1998-2010.

What do the teachers say?

Figure 3 illustrates the comparison of the trajectories of HI symptoms in
the children from 3% to 8 years of age as reported by the mothers, and
the teachers’ assessment of these symptoms when the children were
8 years of age.

As we can see, the teachers’ assessments in Grade 2 match those of
the mothers. Indeed, the results form a gradient — children in the High
trajectory presented more HI behaviours according to their teacher than
children in the Moderate trajectory, and this follows for the Low and Very
Low trajectories.

Noteworthy is that boys in the Very Low, Low and Moderate hyperactivity
and inattention trajectories had higher scores than girls as reported by
their teachers. In contrast, among children in the High trajectory, no
significant difference was observed in hyperactivity and inattention by
sex as reported by the teachers.

Figure 3

Mean scores of children on the hyperactivity and inattention
scale based on teachers’ assessments in Grade 2, by HI
trajectories based on mothers’ assessments between 32
and 8 years of age, and sex, Québec, 2001-2004 and 2006
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Source: Institut de la statistique du Québec, QLSCD 1998-2010.
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Hyperactivity and inattention trajectories by
academic performance reported by the teachers
in Grade 2 of elementary school

As shown in Figure 4, children in the High trajectory of HI presented lower
academic performance, as reported by the teacher, compared to the
three other groups. The results form a gradient wherein each group of
children present a level of academic performance significantly lower than
the group presenting fewer symptoms of hyperactivity and inattention.

It should be noted that no significant difference was observed by sex
among children with regards to reported academic performance in
Grade 2, except for the Low trajectory, in which girls had better scores in
academic performance compared to boys.

When a diagnosis is given

Some studies suggest that fewer than half of children presenting ADHD
are formally diagnosed.?” Starting with the 2003 data collection, when the
children were approximately 5 years of age, parents were asked whether their
child had received a diagnosis of ADD/ADHD from a health professional.
According to QLSCD data, approximately 7% of children 8 years of age
had been diagnosed at one time or another in the preceding four years
(data not shown). Even if the vast majority of diagnosed children (87%)
were in the High and Moderate Hl trajectories as reported by the parent,
only slightly more than a third (35%) of children in the High trajectory had
been diagnosed compared to 10% of children in the Moderate trajectory
and minute proportions in the other two groups (Table 2).

Taking Ritalin®

Ritalin® is a drug generally prescribed to treat, among other conditions,
ADD/ADHD. The QLSCD data show that 6% of children 8 years of age
had taken this or another prescription drug to treat HI in the 12 months
preceding the survey round (data not shown). However, this proportion rose
to 27% among children 8 years of age who were in the High Hl trajectory
and 8% in the Moderate trajectory; only minute proportions were observed
among children in the Low and Very Low trajectories (Table 2). Similar

Table 2
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Figure 4

Children’s academic performance reported by the teacher

in Grade 2, by HI trajectories based on mothers’ assessments
3" to 8 years of age, and sex, Québec, 2001-2004 and 2006
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Source: Institut de la statistique du Québec, QLSCD 1998-2010.

results were observed for the inattention trajectory alone (data not shown).
It should be emphasized that though the proportions of children having
received a diagnosis of ADD/ADHD and those taking Ritalin® were quite
similar (7% and 6%), this does not necessarily mean they refer to the
same children. Indeed, 58% of children 8 years of age having received
a diagnosis had taken Ritalin® or another medication to treat HI in the
previous 12 months, while only a small proportion (just over 2%?°) who
had never received a diagnosis had done so (data not shown). The lack
of a fit between having received a diagnosis of ADD/ADHD and taking
Ritalin® is to a certain degree reassuring. Indeed, not all children presenting
ADD/ADHD need to take this kind of medication.

Children 8 years of age having been diagnosed with ADD/ADHD and/or having taking Ritalin® in the preceding 12 months,

by HI trajectories 3% to 8 years of age, Québec, 2001-2004 and 2006

Diagnosed children

Proportion of diagnosed children

Proportion of children having taken

in each trajectory Ritalin® in each trajectory

%

Hyperactivity and inattention trajectories

High 36.0*
Moderate 51.0
Low 11.4%*
Very Low -

35.2* 26.7*
9.5 8.5%
2.1%* 1.6%*

*  Coefficient of variation between 156% and 25%; interpret with caution.

** Coefficient of variation higher than 25%; imprecise estimate for information purposes only.

— Infinitesimal data.
Source: Institut de la statistique du Québec, QLSCD 1998-2010.

27. E. PELLETIER (2009), Déficit de I'attention sans hyperactivité, Québec, Les Editions Québécor, 152 p.

28. See Footnote 4.
29. Coefficient of variation between 15% and 25%; interpret with caution.
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Type of class attended

Even though some students have received a diagnosis of ADD/ADHD, this
does not suffice for them to be defined in the Québec education system
as SHSMLD (Students with Handicaps, Social Maladjustments or Learning
Disabilities in short, special needs students). However, in some children,
ADD/ADHD is associated with other diagnoses, such as oppositional
(defiant) disorder, pervasive developmental disorder or another disorder.
Therefore, students with such diagnoses are more likely to be enrolled
in special needs classes. Hence we found it productive to know in which
type of class the children were enrolled by HI trajectory, and whether or
not they had been diagnosed with ADD/ADHD.

As shown in Table 3, irrespective of the score of HI symptoms, the vast
majority of children were not judged to be handicapped or socially
maladjusted or to have learning disabilities, and were attending regular
classes in Grade 2 of elementary school (90%). Among children in the
High HI trajectory, 20% were defined as SHSMLD (special needs) and
were integrated into a regular class with support for the teacher or the
children or with participation in a resource class. The remaining children
in this trajectory (approximately 7%) were attending a special needs class
or school comprising students with the same or other type of problem.
Table 3 also shows that the proportion of children in a special needs class
or school among those in the other trajectories was infinitesimal. These
data correspond to the intentions of the specific education policy entitled
Une école adaptée a tous ses éleves® (Schools Adapted to All Students),

Table 3

which put an emphasis on academic achievement for all students,
including, among other things in its action plan,® integration into regular
classes. Also of note is that among children who had been diagnosed
with ADD/ADHD, approximately half were not defined as handicapped or
socially maladjusted or to have learning disabilities, and were integrated
into regular classes (data not shown).

Conclusion

A number of conclusions can be drawn from the results presented here,
in terms of both prevention and support for students who face certain
difficulties.

First, based on a continuum of data on the children between 3% and
8 years of age, this analysis revealed the early onset and relative stability
over time of hyperactivity and inattention symptoms. These results could
be used to support the hypothesis that a neurological component, linked
to heredity or environmental factors, may play a role in the onset of these
types of symptoms.®23334 In addition, given the continuity of HI symptoms
over time and the fact that they are associated with more difficult life
trajectories,® it would be very productive to intervene early in the life of a
child and to provide him/her and the parents with tools to foster his/her
development. In this regard, it is important to emphasize that the parent,
usually the mother, seems to occupy a privileged position in terms of early
identification of hyperactivity and inattention symptoms in her children.

Distribution of children by type of class attended in Grade 2 and HI trajectories 3" to 8 years of age, Québec, 2001-2004 and 2006

Students with no handicaps,
social maladjustments
or learning disabilities

Special needs students
(SHSMLD) in regular classes
with support

Special needs students
(SHSMLD) in a special needs
class / school

in regular classes

%

Hyperactivity and inattention trajectories

High 72.7 19.9* 7.4%*
Moderate 88.1 10.8* 1.1%*
Low 929 6.8* -
Very Low 95.8 3.2%* -
All children 90.0 8.7 1.2%*

*

*k

Coefficient of variation between 15% and 25%,; interpret with caution.
Coefficient of variation higher than 25%; imprecise estimate for information purposes only.
Infinitesimal data.

Sources: Institut de la statistique du Québec, QLSCD 1998-2010.
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This analysis focused mainly on hyperactivity and inattention symptoms,
whether or not there had been a formal diagnosis of ADD/ADHD. The
results demonstrate that children with a high level of HI symptoms as
reported by their parent (High trajectory: 8%) had not necessarily received
a formal diagnosis. However, diagnosed or not, these children were
assessed by their teacher as manifesting a higher level of HI symptoms
and lower academic performance compared to other children in Grade 2 of
elementary school. This result indicates that it would be of great interest to
use a simple questionnaire for parents to screen children at risk of facing
difficulties in school. Validation of such a tool would constitute a viable
research path in public health. As an indication of increased focus on this
issue, the Québec government has added the label “Students at Risk” to
the category of SHSMLD (special needs). The concept has now received
particular attention and therefore is of current concern to stakeholders in
the education system.®’

Finally, we also conclude that the majority of children in the High HI
trajectory were enrolled in regular classes, whether they were defined as
SHSMLD or not. Given the difficulties experienced by these students in
terms of academic performance, further research would be recommended
to assess the support needed for these children and/or their teachers.
The ultimate goal would be to afford these children with a high level of HI
symptoms a better chance of achieving success in school.

37. GOUVERNEMENT DU QUEBEC. MINISTERE DE L’'EDUCATION, DU LOISIR ET DU SPORT (2007), L'organisation des services éducatifs aux eleves a risque et aux éléves handi-
capés ou en difficulté d’adaptation ou d’apprentissage (EHDAA), Québec, Ministére de I'Education, du Loisir et du Sport, 24 p.
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