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Abstract 
Hyperactivity, impulsivity, and inattention are among the most common behaviour 
problems in children. The aim of this study was to estimate the prevalence of 
hyperactivity-impulsivity and inattention in the Canadian population of 2-11-year-old 
girls and boys, using data from the first National Longitudinal Survey of Children and 
Youth (NLSCY) collection cycle (1994-1995). Latent class analyses indicated that an 
unrestricted three-class model provided an adequate fit to the hyperactivity-impulsivity 
and inattention data for the majority of 2-11-year-old girls and boys. The preferred 
3-item-combination for hyperactivity-impulsivity included Can’t sit still, is restless, or 
hyperactive; Has difficulty awaiting turn in games or groups; and Cannot settle to 
anything for more than a few moments. The preferred 3-item-combination for inattention 
included Can’t concentrate, can’t pay attention for too long; Stares into space; and Is 
inattentive. The first latent class (i.e., low) included children who did not tend to manifest 
hyperactive-impulsive and inattentive behaviours. The second latent class (i.e., medium) 
included children who tended somewhat to manifest hyperactive-impulsive and 
inattentive behaviours. The third latent class (i.e., high) included children who tended 
often to manifest hyperactive-impulsive and inattentive behaviours. Findings indicated 
that between 5% and 17% of 2-11-year-old girls and between 9% and 23% of 
2-11-year-old boys often manifested hyperactive-impulsive behaviours. The majority of 
children, however, either did not manifest hyperactive-impulsive behaviours or did so 
only on an occasional basis. We found a similar pattern of results for inattention. 
Specifically, between 1% and 18% of 2-11-year-old girls and between 1% and 14% of 
2-11-year-old boys often manifested inattentive behaviours. However, the majority of 
children either did not manifest inattentive behaviours or did so only occasionally. Our 
results indicate that children differ in their probability of manifesting 
hyperactive-impulsive and inattentive behaviours. As such, it may be important to view 
hyperactive-impulsive and inattentive behaviours along a continuum of increasing 
frequency rather than as behaviours that are either present or absent in a child. The results 
of our study have several important public policy implications. We provided estimates of 
the prevalence of hyperactivity-impulsivity and inattention separately for 2-11-year-old 
girls and boys from the Canadian population. These prevalence estimates may help guide 
decisions about the needs of children with behaviour problems with regard to treatment 
interventions and to efforts aimed at preventing the worsening of behaviour problems 
over time. Additionally, we provided a means of identifying children with problematic 
hyperactive-impulsive and inattentive behaviours. Given the limited public resources that 
currently exist for mental health services, our findings may help public policy makers to 
best channel resources toward children who are most in need. 
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1.  Introduction 
Hyperactivity, impulsivity, and inattention are among the most common behaviour 
problems in children. The aim of this study was to estimate the prevalence of 
hyperactivity-impulsivity and inattention in the Canadian population of 2-11-year-old 
children. We obtained gender-specific prevalence estimates using latent class analysis 
based on data from the first cycle (1994-1995) of the National Longitudinal Survey of 
Children and Youth. 
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2.  Literature Review 

2.1 Prevalence of Attention Deficit-Hyperactivity 
Disorder (ADHD) 

In a review of general population studies of ADHD in school-age children, Scahill and 
Schwab-Stone (2000) reported the best prevalence estimate to range from 5-10%. Two 
Canadian community surveys that examined ADHD prevalence in children and 
adolescents were the Quebec Child Mental Health Survey (Breton et al., 1999; Valla et 
al., 1994) and the Ontario Child Health Study (Offord et al., 1987; Offord, Boyle, & 
Racine, 1989; Szatmari, Offord, & Boyle, 1989). The Quebec study collected child, 
parent, and teacher interview data for 2,400 6-14-year-old children. The Ontario study 
collected data on 2,674 4-16 year olds using child, parent, and teacher behaviour 
checklists. Both studies had approximately equal numbers of girls and boys.  

Table 1 presents six-month prevalence rates of ADHD. Both studies found overall 
prevalence rates that were consistent with those reported in Scahill and Schwab-Stone’s 
(2000) review. The Quebec study found significant gender and age effects according to 
child and parent reports. Boys had higher ADHD rates than girls, and 6-8 year olds had 
higher rates than 12-14 year olds. Child reports also indicated a significantly higher rate 
of ADHD for 9-11-year-old children, compared to 12-14 year olds. Teacher reports from 
the Quebec study showed a significant gender by age interaction. Specifically, 
6-8-year-old girls had higher ADHD rates than 9-11-year-old girls, and 
9-11-year-old boys had higher ADHD rates than 9-11-year-old girls. In the Ontario study, 
ADHD rates were higher for boys than girls across informants. 
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2.2 ADHD Subtypes  
While most past epidemiological studies have focused on the prevalence of ADHD as a 
whole, the current edition of the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-IV; American Psychiatric Association, 1994) identifies three ADHD 
subtypes - predominantly inattentive, predominantly hyperactive-impulsive, and 
combined. The combined subtype refers to children who meet symptom criteria for both 
inattention and hyperactivity-impulsivity. A number of epidemiological studies have used 
the DSM case identification strategy to investigate the prevalence of ADHD subtypes in 
children and adolescents. Table 2 presents four such studies originating from the United 
States (Nolan, Gadow, & Sprafkin, 2001; Wolraich, Hannah, Pinnock, Baumgaertel, & 
Brown, 1996), South America (Pineda et al., 1999), and Australia (Gomez, Harvey, 
Quick, Scharer, & Harris, 1999). 

Table 2 
Prevalence Rates (%) of ADHD Subtypes from four General Population  

Studies of Children and Adolescents 
     Prev. Rates (%) 

Study Sample Size Informant ADHD Subtype Gender 
Age 
3-5 

Age 
5-12 

Age 
12-18 

Girls 4.0 6.0 8.0 Inattentive Boys 3.8 14.4 14.5 
Girls 5.1 1.1 0.0 Hyperactive-

Impulsive Boys 7.6 3.4 1.6 
Girls 4.6 1.1 0.8 

United States 
(Nolan et  
al., 2001) 

3,006 Teacher ratings 

Combined Boys 10.1 5.3 4.0 
    

 
Age 
5-12   

Girls 3.5   Inattentive Boys 7.2   
Girls 0.9   Hyperactive-

Impulsive Boys 3.8   
Girls 1.6   

United States 
(Wolraich et 
al., 1996) 

8,258 Teacher ratings 

Combined Boys 5.3   

     
Age 
5-11   

Girls 1.9   Inattentive Boys 6.8   
Girls 1.9   Hyperactive-

Impulsive Boys 3.6   
Girls 1.8   

Parent ratings 

Combined Boys 4.1   
Girls 3.0   Inattentive Boys 8.9   
Girls 0.3   Hyperactive-

Impulsive Boys 1.5   
Girls 0.9   

Australia 
(Gomez et al., 
1999) 

1,275 

Teacher ratings 

Combined Boys 3.5   
     Age 

4-17   

Girls 3.4   Inattentive Boys 5.1   
Girls 7.1   Hyperactive-

Impulsive Boys 9.9   
Girls 1.9   

South America 
(Pineda et  
al., 1999) 

540 Parent checklists

Combined Boys 4.8   
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Results indicate that the U.S. and Australian studies tended to identify inattention as the 
most frequent subtype for girls and boys. This finding is consistent with reviews of 
population-based samples (Carlson & Mann, 2000). In the South American study, the 
most frequent subtype for girls and boys was hyperactivity-impulsivity. All four studies 
found boys to have higher rates than girls for each ADHD subtype, with the exception of 
3-5 year olds in Nolan et al.’s (2001) study. These differences, however, were not tested 
statistically in the Australian study and in the U.S. study by Wolraich et al. (1996). In the 
South American study, the gender difference reached statistical significance only for the 
combined subtype. Turning to age effects, the South American study found that 4-5 year 
olds had the highest levels of hyperactivity-impulsivity, while the inattentive and 
combined subtypes were most frequent in 6-11 year olds (results not shown). These age 
differences, however, were not tested for statistical significance. Findings on age effects 
from the U.S. study by Nolan et al. (2001) were consistent with those from South 
America in showing that preschool children had higher rates of hyperactivity-impulsivity 
while older children and adolescents had higher inattention rates. 

2.3 Diagnostic Uncertainty 
There are various approaches to identifying children with problems of inattention and 
hyperactivity-impulsivity. In the DSM-IV, a child receives a diagnosis of 
ADHD-predominantly inattentive type if six or more inattentive symptoms (out of nine) are 
endorsed. A child receives a diagnosis of ADHD-predominantly hyperactive-impulsive 
type if six or more hyperactive-impulsive symptoms (out of nine) are endorsed. If six or 
more inattentive and hyperactive-impulsive symptoms are endorsed, a child receives a 
diagnosis of ADHD-combined type.  

Most studies investigating ADHD prevalence have relied on a categorical approach, such 
as that used in the DSM-IV, where a diagnosis is made if the number of symptoms that an 
individual has exceeds a specified cut-off or threshold value. Strictly speaking, there is no 
cut-off that distinguishes perfectly between those individuals who suffer from a particular 
disorder and those who do not, given that symptoms do not possess perfect sensitivity 
(defined as the probability that an individual who truly has a disorder will manifest the 
symptoms in question) and specificity (defined as the probability that an individual who 
truly does not have a disorder will not manifest the symptoms in question). Therefore, 
some individuals will incorrectly be classified as having a disorder while others will 
incorrectly be classified as not having a disorder. These misclassification errors will 
produce biased disorder prevalence estimates. In other words, when estimating the 
prevalence (p) of a particular disorder, a number of truly non-disordered individuals will 
be classified as cases ([1 – p] * [1 – cut off’s specificity]), and a number of truly 
disordered individuals will be classified as non-cases (p * [1 – cut off’s sensitivity]). Let 
us consider a situation where the cut off’s sensitivity and specificity are both high (.80), 
and the disorder’s true prevalence rate is .05. In this case, the estimated prevalence rate of 
.23 ([p * sensitivity] + [(1 – p) * (1 – specificity)]) would be biased by a factor of 4.6.  
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2.4 Latent Class Approach 
While there is no “gold standard” for distinguishing perfectly between individuals with 
and without a disorder, it is possible to obtain maximum likelihood estimates of the 
prevalence of a particular behaviour problem using latent class analysis (LCA; Rindskopf 
& Rindskopf, 1986). Let us consider a situation where three imperfectly sensitive and 
specific inattention behaviours are rated by a single informant as either present or absent. 
These behaviours may be used to distinguish between two inattentive states, specifically 
children with inattention and children without inattention. In this two-class model, each 
child is assumed to belong in only one of the two latent classes within a single latent 
variable. Children who belong in the inattention latent class tend to manifest inattentive 
behaviours, while children in the no inattention latent class tend not to manifest 
inattentive behaviours. This basic LCA model can be described more formally using two 
types of parameters, namely latent class probabilities and conditional behaviour rating 
probabilities. Latent class probabilities refer to the probability that a randomly selected 
child in the population will belong to each of the latent classes. In this way, latent class 
probabilities provide information about the prevalence of inattention. Conditional 
behaviour rating probabilities refer to the probability that a specific behaviour will be 
present among children in the inattention latent class (i.e., behaviour sensitivity) and 
absent among children in the no inattention latent class (i.e., behaviour specificity). 
Figure 1 illustrates this two-class model of inattention. Latent class probabilities are 
represented as π1 (i.e., no inattention latent class) and π2 (i.e., inattention latent class). 
Note that π1 + π2 = 1. The figure also illustrates the sensitivity and specificity of the three 
inattention behaviours (A, B, C). In particular, πA(1)|1 represents the specificity for 
behaviour A; that is the probability that behaviour A is absent (1) among children with no 
inattention (1). Conversely, πA(2)|2 represents the sensitivity for behaviour A; that is the 
probability that behaviour A is present (2) among children with inattention (2). 

Figure1: Illustration of a two Latent Class Model of Inattention 

πA(1)|1                        A                        πA(2)|2 
 
 

πB(1)|1                B                      πB(2)|2 

 
 
 

πC(1)|1                        C                       πC(2)|2 

Note: A, B, and C are behaviour items. π1 represents the first latent class of No Inattention. π2 represents the 
second latent class of Inattention. πA(1)|1, πB(1)|1, and πC(1)|1 represent the probability of behaviours A, B, and C 
being absent in the first latent class of No Inattention. πA(2)|2, πB(2)|2, and πC(2)|2 represent the probability of 
behaviours A, B, and C being present in the second latent class of Inattention. 

 

No 
Inattention 

(π1) 

Inattention 
(π2) 
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3.  Method 

3.1 Sample and Procedure 
The National Longitudinal Survey of Children and Youth (NLSCY) is a Canadian 
nation-wide household survey that is being conducted by Human Resources Development 
Canada and Statistics Canada. It conducts biennial assessments on a representative 
sample of newborn to 11-year-old Canadian children. Households included in the survey 
were chosen using a stratified multistage probability sample design based on information 
collected by Statistics Canada’s Labour Force Survey (LFS), which produces 
unemployment estimates. The LFS defines a household as all individuals living within a 
selected dwelling (residence). It surveys approximately 59,000 Canadian households and 
covers 97% of the population aged 15 years and older. The LFS excludes children living 
in institutional facilities, on Aboriginal reserves, and in the two Canadian territories. 
It should be noted, however, that data for Aboriginal children and children living in the 
Canadian territories are being collected in separate surveys (Statistics Canada and Human 
Resources Development Canada, 1995, 1997).  

The NLSCY is a longitudinal-sequential design, encompassing both a cross-sectional and 
longitudinal dimension. The first NLSCY data collection cycle (1994-1995) surveyed a 
maximum of four 0-11-year-old children per household. In each household, the child’s 
mother (in 89.4% of cases) completed a personal interview on child, parent, and family 
characteristics. Complete cycle 1 data were obtained from 13,439 households across 
Canada, representing an overall response rate of 86.3% and resulting in a sample of 
22,831 newborn to 11-year-old children. Our study was cross-sectional as we focused 
exclusively on 2-11-year-old children from the first data collection cycle whose mothers 
responded to interview items on hyperactivity-impulsivity and inattention. Table 3 
presents the distribution of children by age, gender, and behaviour. There were 
comparable numbers of girls and boys, and the non-response rate was minimal (below 5%). 

Table 3 
Distribution of Children from the First NLSCY Cycle (1994-1995) 

 Girls Boys 

Age (Years) Totala 
Hyperactivity-

Impulsivity (%)b 
Inattention 

(%)c Total 
Hyperactivity- 
Impulsivity (%) 

Inattention 
(%) 

2 963 96.3 97.3 1,000 96.4 96.9 
3 928 97.2 97.8 1,018 97.4 97.7 
4 966 98.3 98.7 968 97.5 97.4 
5 878 98.5 98.4 916 96.1 96.2 
6 850 98.0 97.9 951 97.6 97.6 
7 892 97.1 97.2 857 97.8 97.7 
8 887 97.6 97.7 893 96.9 96.9 
9 838 97.4 98.1 896 97.1 97.1 
10 863 98.4 98.6 904 98.3 98.2 
11 822 98.8 98.9 845 98.2 98.3 

Total 8,887 97.7 98.1 9,248 97.3 97.4 
aTotal number of children included in the first NLSCY data collection cycle; bPercentage of children with complete 
data for the three hyperactivity-impulsivity items selected for analyses; cPercentage of children with complete 
data for the three inattention items selected for analyses 
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3.2 Measures 
The behaviour items included in the NLSCY interviews were based on measures used 
in the Montreal Longitudinal and Experimental Study (Tremblay et al., 1991; 
Tremblay, Vitaro, Gagnon, Royer, & Piché, 1992) and the Ontario Child Health Study 
(Boyle et al., 1987; Offord et al., 1987). Five items measured hyperactivity-
impulsivity, namely: (1) Can’t sit still, is restless, or hyperactive, (2) Fidgets, (3) Has 
difficulty awaiting turn in games or groups, (4) Is impulsive, acts without thinking, 
and (5) Cannot settle to anything for more than a few moments. The four items that 
measured inattention were (1) Is distractible, has trouble sticking to any activity, 
(2) Can’t concentrate, can’t pay attention for too long, (3) Stares into space, and 
(4) Is inattentive. Mothers rated each item along a 3-point scale from never or not 
true to sometimes or somewhat true to often or very true. 

3.3 Statistical Analyses 
We used latent class analysis to estimate the prevalence of hyperactivity-impulsivity 
and inattention in the Canadian population of 2-11-year-old children using data from 
the first NLSCY cycle (1994-1995). We tested three latent class models, specifically 
independence, unrestricted two-class, and unrestricted three-class model. The 
independence model posits one latent variable composed of one latent class. In other 
words, the ratings for any one observed behaviour are statistically independent of 
ratings for the remaining observed behaviours. The unrestricted two-class model 
posits one latent variable composed of two latent classes (e.g., inattention and no 
inattention). The model is unrestricted because no restrictions have been placed on the 
values that the parameters can assume. The unrestricted three-class model posits one 
latent variable composed of three latent classes: a low latent class in which children 
tend to be rated by their mothers as never or not true on all behaviours; a medium latent class 
in which children tend to be rated by their mothers as sometimes or somewhat true on all 
behaviours; and a high latent class in which children tend to be rated by their mothers as often 
or very true on all behaviours. This model was used successfully by Baillargeon, Tremblay, 
and Willms (1999) to estimate the prevalence of physical aggression in 2-11-year-old 
Canadian children using data from the first NLSCY cycle.  

All statistical analyses were conducted using the freely distributed LEM computer 
program for the analysis of categorical data (Vermunt, 1997). The fit of latent class 
models were assessed with the Pearson chi-square (χ2) and the likelihood-ratio 
chi-square (L2) statistics (Clogg, 1979; Dillon & Mulani, 1984; McCutcheon, 1987). 
The Cressie-Read (CR; Cressie & Read, 1984) goodness-of-fit statistic also was 
useful when there was a discrepancy between the χ2 and L2 statistics. While we had 
information on five hyperactivity-impulsivity items and four inattention items, we 
decided to test latent class models that included only three items. Including all items 
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would have resulted in large multidimensional tables with a number of zero or 
near-zero frequency cells. This would have made it difficult to assess the fit of our 
latent class models using the χ2and L2 goodness-of-fit statistics (Fienberg, 1980). We 
ran each latent class model 100 times to better guard against the problem of local 
maximum solutions.1  We assessed the fit of latent class models using a conservative 
alpha level (α = .01) to take into account the NLSCY’s design effect (i.e., increased 
risk of falsely rejecting the null hypothesis). Data were weighted according to 
NLSCY procedures that took into account non-response and post-stratification. All 
statistical analyses were conducted separately by gender and age. 

                                                 
1 For a detailed presentation of local maxima problems in latent class analysis, refer to John S. Uebersax’s web page 

(http://ourworld.compuserve.com/homepages/jsuebersax) 
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4.  Results 

4.1 Latent Class Models  

4.1.1 Latent Class Model of Hyperactivity-Impulsivity 
We tested the independence, unrestricted two-class, and unrestricted three-class models 
for all 10 3-behaviour-item combinations of hyperactivity-impulsivity behaviour items. 
Results showed that the unrestricted three-class model provided the most acceptable fit to 
the following 3-behaviour-item combination: Can’t sit still, is restless, or hyperactive; 
Has difficulty awaiting turn in games or groups; and Cannot settle to anything for more 
than a few moments. The same three behaviour items were chosen for girls and boys. 
The unrestricted three-class model is a general model that includes many parameters. 
In cases where the model does not provide an adequate fit to the data for a particular 
3-behaviour-item combination, there may be a problem of local dependence which, 
strictly speaking, indicates that the 3 behaviour items do not measure a single construct 
(refer to Uebersax’s web page). 

Girls. Table 4 presents goodness-of-fit statistics for the latent class models that were 
tested on the chosen 3-behaviour-item combination. The χ2, L2, and CR statistics showed 
that the independence model could be rejected across all age groups (p < .01). This 
suggests that the three hyperactivity-impulsivity behaviour items are not statistically 
independent of one another. The unrestricted two-class model also could be rejected 
across all age groups (p < .01), suggesting that the hyperactivity-impulsivity data cannot be 
accounted for by a single latent variable composed of two mutually exclusive and 
exhaustive latent classes (i.e., hyperactivity-impulsivity and no hyperactivity-impulsivity). 
The χ2, L2, and CR statistics showed an acceptable fit for the unrestricted three-class model 
across all age groups (p > .01), with the exception of 4 year olds. However, there were no 
standardized residuals with absolute values exceeding 2.58 for this age group, suggesting 
that observed frequencies did not differ significantly from expected frequencies. In fact, 
there were no elevated standardized residuals across all age groups for the unrestricted 
three-class model. In addition, the unrestricted three-class model explained most of the 
variance in the hyperactivity-impulsivity data (i.e., 1 – [L2 three-class model / L2 
independence model]).  

Boys. Table 5 indicates that the independence and unrestricted two-class models could be 
rejected across all age groups, according to the χ2, L2, and CR statistics. There was an 
acceptable fit for the unrestricted three-class model across all age groups (p > .01), with 
the exception of 8 and 9 year olds. There were several elevated standardized residuals for 
9 year olds, suggesting that observed frequencies differed significantly from expected 
frequencies (i.e., outliers). For the remaining age groups, there were no standardized 
residuals with absolute values exceeding 2.58. The unrestricted three-class model also 
explained most of the variance in the hyperactivity-impulsivity data. 

.
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Table 4 (C
o

n
t’d

) 
Latent C

lass M
odels of H

yperactivity-Im
pulsivity for 2-11-Year-O

ld G
irls 

 
8-year-olds 

Independence 
465.58 

.00 
255.08 

.00 
354.95 

.00 
 

 
 

 
 

U
nrestricted tw

o-class 
69.53 

.00 
66.75 

.00 
67.02 

.00 
40.7494 

-21.2685 
4 

4 
73.83 

U
nrestricted three-class 

10.94 
.09 

12.30 
.06 

11.12 
.08 

0.2997 
-28.3240 

0 
0 

95.18 
 

9-year-olds 
Independence 

560.89 
.00 

287.12 
.00 

406.96 
.00 

 
 

 
 

 
U

nrestricted tw
o-class 

48.42 
.00 

56.93 
.00 

49.84 
.00 

30.9307 
-30.1866 

4 
3 

80.17 
U

nrestricted three-class 
15.06 

.02 
16.59 

.01 
15.25 

.02 
4.5879 

-23.6201 
0 

0 
94.22 

 
10-year-olds 

Independence 
599.42 

.00 
245.71 

.00 
387.39 

.00 
 

 
 

 
 

U
nrestricted tw

o-class 
39.14 

.00 
39.50 

.00 
38.77 

.00 
13.4993 

-48.2351 
1 

1 
83.92 

U
nrestricted three-class 

11.76 
.07 

12.65 
.05 

11.93 
.06 

0.6481 
-27.8447 

0 
0 

94.85 
 

11-year-olds 
Independence 

646.04 
.00 

295.40 
.00 

425.76 
.00 

 
 

 
 

 
U

nrestricted tw
o-class 

71.15 
.00 

50.44 
.00 

60.60 
.00 

24.4390 
-36.6962 

4 
1 

82.92 
U

nrestricted three-class 
13.12 

.04 
14.01 

.03 
13.29 

.04 
2.0057 

-26.2106 
0 

0 
95.26 

N
ote: The latent class m

odels w
ere run for the follow

ing 3 behaviour item
 com

bination of hyperactivity-im
pulsivity behaviours: C

an't sit still, is restless, or hyperactive; 
H

as difficulty aw
aiting turn in gam

es or groups; and C
annot settle to anything for m

ore than a few
 m

om
ents. There w

ere 20 degrees  of freedom
 for the independence 

m
odel, 13 degrees of freedom

 for the unrestricted tw
o-class m

odel, and 6 degrees of freedom
 for the unrestricted three-class m

odel. 
X2 = Pearson chi-square; L2 = Likelihood-ratio chi-square; C

R
 = C

ressie-R
ead; AIC

 = Akaike Inform
ation C

riterion; BIC
 = Bayesian Inform

ation C
riterion;  

|Std. R
es.| = absolute value of standardized residual. 
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Table 5 (C
o

n
t’d

) 
Latent C

lass M
odels of H

yperactivity-Im
pulsivity for 2-11-Year-O

ld B
oys 

 
8-year-olds 

Independence 
572.11 

.00 
400.56 

.00 
479.73 

.00 
 

 
 

 
 

U
nrestricted tw

o-class 
117.05 

.00 
116.48 

.00 
116.02 

.00 
90.4805 

28.4032
10 

6 
70.92 

U
nrestricted three-class 

26.96 
.00 

26.95 
.00 

26.83 
.00 

14.9449 
-13.7061

2 
0 

93.27 
 

9-year-olds 
Independence 

525.68 
.00 

367.14 
.00 

436.73 
.00 

 
 

 
 

 
U

nrestricted tw
o-class 

110.86 
.00 

95.82 
.00 

101.80 
.00 

69.8187 
7.7144

5 
4 

73.90 
U

nrestricted three-class 
36.74 

.00 
37.56 

.00 
35.77 

.00 
25.5629 

-3.1006
2 

2 
89.77 

 
10-year-olds 

Independence 
705.88 

.00 
422.92 

.00 
538.91 

.00 
 

 
 

 
 

U
nrestricted tw

o-class 
66.60 

.00 
66.15 

.00 
65.95 

.00 
40.1458 

-22.2162
7 

2 
84.36 

U
nrestricted three-class 

14.92 
.02 

15.70 
.02 

15.10 
.02 

3.7024 
-25.0801

0 
0 

96.29 
 

11-year-olds 
Independence 

400.12 
.00 

314.47 
.00 

351.59 
.00 

 
 

 
 

 
U

nrestricted tw
o-class 

33.19 
.00 

30.35 
.00 

31.62 
.00 

4.3499 
-57.1144

3 
1 

90.35 
U

nrestricted three-class 
13.48 

.04 
11.45 

.08 
12.59 

.05 
-0.5492 

-28.9173
1 

0 
96.36 

N
ote. The latent class m

odels w
ere run for the follow

ing 3-behaviour-item
 com

bination of hyperactivity-im
pulsivity behaviours: C

an't sit still, is restless, or hyperactive; 
H

as difficulty aw
aiting turn in gam

es or groups; and C
annot settle to anything for m

ore than a few
 m

om
ents. There w

ere 20 degrees of freedom
 for the independence 

m
odel, 13 degrees of freedom

 for the unrestricted tw
o-class m

odel, and 6 degrees of freedom
 for the unrestricted three-class m

odel.  
X

2 = Pearson chi-square; L
2 = Likelihood-ratio chi-square; C

R
 = C

ressie-R
ead; AIC

 = Akaike Inform
ation C

riterion; BIC
 = Bayesian Inform

ation C
riterion;  

|Std. R
es.| = absolute value of standardized residual. 
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4.1.2 Latent Class Model of Inattention 
We tested the independence, unrestricted two-class, and unrestricted three-class models 
for the 4 3-behaviour-item combinations of inattention. The unrestricted three-class 
model showed the most acceptable fit to the following 3-behaviour-item combination: 
Can’t concentrate, can’t pay attention for too long; Stares into space; and Is inattentive. 
The same three behaviour items were chosen for girls and boys. 

Girls. Table 6 presents goodness-of-fit statistics for the latent class models that were 
tested on the chosen 3-behaviour-item combination. The independence model could be 
rejected across all age groups (p < .01). The unrestricted two-class model also could be 
rejected across all age groups (p < .01), with the exception of 5 and 9 year olds. However, 
for 5 year olds, the L2 and CR statistics showed an acceptable fit but the χ2 statistic did 
not. For 9 year olds, all three statistics showed an acceptable fit. We therefore turned to 
the AIC and BIC statistics. The AIC suggested that the preferred model was the 
unrestricted three-class model, compared to the unrestricted two-class model (i.e., the 
AIC value was more negative for the three-class model). In contrast, the BIC suggested 
that the unrestricted two-class model was preferable. However, the unrestricted 
three-class model had no elevated standardized residuals, and it explained most of the 
variation in the inattention data. The unrestricted three-class model showed an acceptable 
fit across the χ2, L2, and CR statistics (p > .01), with the exception of 2, 6, and 
8 year olds. However, there was only one standardized residual for 2 year olds whose 
absolute value exceeded 2.58, and there were no standardized residuals with absolute 
values exceeding 2.58 for 6 and 8 year olds. In addition, the unrestricted three-class 
model explained most of the variance in the inattention data. 

Boys. Table 7 indicates that the independence and unrestricted two-class models could be 
rejected across all age groups (p < .01). There was an acceptable fit for the unrestricted 
three-class model across all age groups (p > .01), with the exception of 2 year olds. There 
was one standardized residual whose absolute value exceeded 2.58 for this age group. For 
the remaining age groups, there were no elevated standardized residuals. The unrestricted 
three-class model also explained most of the variance in the inattention data. 

.



Table 6 
Latent C

lass M
odels of Inattention for 2-11-Year-O

ld G
irls 

 
2-year-olds 

M
odel 

X
2 

p 
L

2 
p 

C
R

 
p 

AIC
 

B
IC

 
|Std. R

es.| 
> 1.96 

|Std. R
es.| 

> 2.58 
%

 Explained 
Variance 

Independence 
275.86 

.00 
212.95 

.00 
242.37 

.00 
 

 
 

 
 

U
nrestricted tw

o-class 
53.13 

.00 
43.08 

.00 
47.26 

.00 
17.0765 

-45.8231
3 

2 
79.77 

U
nrestricted three-class 

29.26 
.00 

24.31 
.00 

26.17 
.00 

12.3089 
-16.7217

1 
0 

88.58 
 

3-year-olds 
Independence 

468.18 
.00 

235.44 
.00 

321.58 
.00 

 
 

 
 

 
U

nrestricted tw
o-class 

42.26 
.00 

28.80 
.00 

35.69 
.00 

2.8009 
-59.8103

1 
1 

87.77 
U

nrestricted three-class 
4.96 

.55 
5.58 

.47 
4.98 

.55 
-6.4190 

-35.3165
0 

0 
97.63 

 
4-year-olds 

Independence 
1,120.38 

.00 
336.49 

.00 
574.89 

.00 
 

 
 

 
 

U
nrestricted tw

o-class 
246.17 

.00 
57.67 

.00 
134.51 

.00 
31.6666 

-31.5407
3 

2 
82.86 

U
nrestricted three-class 

9.56 
.14 

9.55 
.15 

9.30 
.16 

-2.4526 
-31.6252

0 
0 

97.16 
 

5-year-olds 
Independence 

286.86 
.00 

278.25 
.00 

279.05 
.00 

 
 

 
 

 
U

nrestricted tw
o-class 

32.72 
.00 

24.88 
.02 

28.35 
.01 

-1.1243 
-62.9212

2 
2 

91.06 
U

nrestricted three-class 
12.58 

.05 
12.83 

.05 
12.23 

.06 
0.8319 

-27.6898
0 

0 
95.39 

 
6-year-olds 

Independence 
432.23 

.00 
270.88 

.00 
320.06 

.00 
 

 
 

 
 

U
nrestricted tw

o-class 
83.88 

.00 
47.43 

.00 
60.99 

.00 
21.4267 

-39.9090
5 

2 
82.49 

U
nrestricted three-class 

18.85 
.00 

19.57 
.00 

17.94 
.01 

7.5746 
-20.7342

1 
0 

92.78 
 

7-year-olds 
Independence 

713.68 
.00 

377.35 
.00 

503.69 
.00 

 
 

 
 

 
U

nrestricted tw
o-class 

95.90 
.00 

52.91 
.00 

69.56 
.00 

26.9064 
-35.2021

4 
2 

85.98 
U

nrestricted three-class 
12.39 

.05 
15.08 

.02 
12.79 

.05 
3.0778 

-25.5877
1 

0 
96.00 
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Table 7 
Latent C

lass M
odels of Inattention for 2-11-Year-O

ld B
oys 

 
2-year-olds 

M
odel 

X
2 

p 
L

2 
p 

C
R

 
p 

AIC
 

B
IC

 
|Std. R

es.| 
> 1.96 

|Std. R
es.| 

> 2.58 
%

 Explained 
Variance 

Independence 
259.71 

.00 
194.13 

.00 
217.03 

.00 
 

 
 

 
 

U
nrestricted tw

o-class 
70.58 

.00 
51.70 

.00 
59.28 

.00 
25.6978 

-37.5078
6 

6 
73.37 

U
nrestricted three-class 

27.82 
.00 

23.02 
.00 

24.44 
.00 

11.0196 
-18.1522

1 
1 

88.14 
 

3-year-olds 
Independence 

629.59 
.00 

263.51 
.00 

379.12 
.00 

 
 

 
 

 
U

nrestricted tw
o-class 

161.25 
.00 

51.06 
.00 

92.85 
.00 

25.0575 
-38.7103

4 
4 

80.62 
U

nrestricted three-class 
11.44 

.08 
11.56 

.07 
11.24 

.08 
-0.4434 

-29.8747
0 

0 
95.61 

 
4-year-olds 

Independence 
2,122.36 

.00 
253.49 

.00 
626.69 

.00 
 

 
 

 
 

U
nrestricted tw

o-class 
500.12 

.00 
59.50 

.00 
188.14 

.00 
33.5046 

-29.5717
4 

3 
76.53 

U
nrestricted three-class 

12.55 
.05 

13.66 
.03 

12.75 
.05 

1.6595 
-27.4526

0 
0 

94.61 
 

5-year-olds 
Independence 

674.97 
.00 

282.35 
.00 

404.26 
.00 

 
 

 
 

 
U

nrestricted tw
o-class 

93.75 
.00 

50.90 
.00 

69.57 
.00 

24.8958 
-37.3627

5 
4 

81.97 
U

nrestricted three-class 
14.57 

.02 
16.86 

.01 
14.98 

.02 
4.8558 

-23.8788
0 

0 
94.03 

 
6-year-olds 

Independence 
880.99 

.00 
468.28 

.00 
623.90 

.00 
 

 
 

 
 

U
nrestricted tw

o-class 
104.51 

.00 
93.22 

.00 
95.65 

.00 
67.2201 

4.3418
6 

4 
80.09 

U
nrestricted three-class 

8.48 
.21 

8.79 
.19 

8.40 
.21 

-3.2128 
-32.2336

0 
0 

98.12 
 

7-year-olds 
Independence 

1,073.62 
.00 

434.50 
.00 

662.31 
.00 

 
 

 
 

 
U

nrestricted tw
o-class 

144.42 
.00 

92.55 
.00 

115.02 
.00 

66.5471 
5.1132

7 
7 

78.70 
U

nrestricted three-class 
10.72 

.10 
11.23 

.08 
10.79 

.10 
-0.7729 

-29.1270
0 

0 
97.42 
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4.1.3 Conclusion 
Overall, the results indicated that the unrestricted three-class model provided an adequate 
fit to the hyperactivity-impulsivity and inattention data for the majority of 2-11-year-old 
girls and boys. In cases where the unrestricted three-class model did not fit the data for 
certain age groups, the standardized residuals generally were not large (i.e., absolute 
values did not exceed 2.58). This suggested that observed frequencies did not differ 
significantly from expected frequencies and that the model did, in fact, provide an 
adequate fit to the data. 

4.2 Conditional Behaviour Rating Probability Estimates 
Tables 8 to 11 present the conditional behaviour rating probability estimates under the 
unrestricted three-class model. In particular, Tables 8 and 9 contain the 
hyperactivity-impulsivity parameter estimates for 2-11-year-old girls and boys, 
respectively. Tables 10 and 11 contain the inattention parameter estimates for 2-11-year-old 
girls and boys, respectively.  

We find that the conditional behaviour rating probability estimates (πj(k)|t) reveal a clear 
ordering among the three latent classes. For instance, the odds of being rated in the first 
category (i.e., never or not true) tend to be higher for children who belong to the first 
latent class than for those who belong to the second latent class. Furthermore, the odds of 
being rated in the first category tend to be higher for children who belong to the second 
latent class than for those who belong to the third latent class. To illustrate, consider the 
odds of being rated in the first category on the third hyperactivity-impulsivity behaviour 
item (i.e., Cannot settle to anything for more than a few moments) for 2-year-old girls. 
Here, the odds were (.90/.10) = 9 for girls who belong to the first latent class, compared 
to (.33/.67) = 0.49 for girls in the second latent class and (.05/.95) = 0.05 for girls in the 
third latent class (see Table 8). Therefore, the odds of being rated in the first category 
were (9/0.49) = 18.37 times higher for 2-year-old girls in the first latent class than for 
those in the second latent class and (0.49/0.05) = 9.8 times higher for 2-year-old girls in 
the second latent class than for those in the third latent class. 

In addition, the odds of being rated in the second category (i.e., sometimes or somewhat 
true) tend to be higher for children who belong to the second latent class than for those 
who belong to either the first or third latent class. If we continue to focus on the third 
hyperactivity-impulsivity behaviour item (i.e., Cannot settle to anything for more than a 
few moments) for 2 -year-old girls, we see that the odds of being rated in the second 
category were (.65/.35) = 1.86 for girls who belong to the second latent class, compared 
to (.10/.90) = 0.11 for girls in the first latent class and (.15/.85) = 0.18 for girls in the 
third latent class (see Table 8). Therefore, the odds of being rated in the second category 
were (1.86/0.11) = 16.91 times higher for 2-year-old girls in the second latent class than 
for those in the first latent class and (1.86/0.18) = 10.33 times higher for 2-year-old girls 
in the second latent class than for those in the third latent class. 
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Table 9 
C

onditional B
ehaviour R

ating Probability Estim
ates U

nder the U
nrestricted Three-C

lass M
odel  

for H
yperactivity-Im

pulsivity in 2-11-Year-O
ld B

oys 
First Latent C

lass (Low
 H

yperactivity-Im
pulsivity 

 
2 years 

3 years 
4 years 

5 years 
6 years 

7 years 
8 years 

9 years 
10 years 

11 years 
π

A(1)  
.65 (.09) 

.49 (.06) 
.58 (.06) 

.56 (.05) 
.64 (.07) 

.54 (.03) 
.59 (.05) 

.68 (.05) 
.76 (.08) 

.88 (.10) 
π

A(2)  
.35 (.09) 

.48 (.05) 
.34 (.05) 

.39 (.04) 
.23 (.07) 

.38 (.03) 
.36 (.04) 

.27 (.04) 
.19 (.08) 

.12 (.10) 
π

A(3)  
.00 (.00) 

.03 (.03) 
.08 (.03) 

.05 (.02) 
.13 (.03) 

.08 (.02) 
.05 (.03) 

.05 (.02) 
.05 (.03) 

.00 (.00) 
π

B(1)  
.52 (.05) 

.45 (.04) 
.46 (.04) 

.51 (.03) 
.67 (.05) 

.60 (.03) 
.67 (.04) 

.66 (.03) 
.74 (.04) 

.77 (.03) 
π

B(2)  
.45 (.04) 

.44 (.03) 
.48 (.04) 

.42 (.03) 
.29 (.04) 

.36 (.03) 
.29 (.03) 

.31 (.03) 
.24 (.04) 

.21 (.03) 
π

B(3)  
.03 (.02) 

.11 (.02) 
.06 (.02) 

.07 (.02) 
.04 (.02) 

.04 (.01) 
.04 (.02) 

.03 (.01) 
.02 (.01) 

.02 (.01) 
π

C
(1)  

.82 (.04) 
.99 (.01) 

.83 (.04) 
.91 (.03) 

.95 (.03) 
.83 (.03) 

.99 (.04) 
.90 (.03) 

1.00 (.00) 
.95 (.03) 

π
C

(2)  
.18 (.05) 

.00 (.00) 
.16 (.04) 

.09 (.03) 
.05 (.03) 

.15 (.03) 
.01 (.04) 

.06 (.03) 
.00 (.00) 

.04 (.03) 
π

C
(3)  

.00 (.00) 
.01 (.01) 

.01 (.01) 
.00 (.00) 

.00 (.00) 
.02 (.01) 

.00 (.00) 
.04 (.01) 

.00 (.00) 
.01 (.01) 

Second Latent C
lass (M

edium
 H

yperactivity-Im
pulsivity) 

π
A(1)  

.01 (.07) 
.08 (.01) 

.02 (.04) 
.03 (.04) 

.12 (.05) 
.01 (.05) 

.16 (.04) 
.05 (.04) 

.26 (.05) 
.16 (.15) 

π
A(2)  

.84 (.08) 
.70 (.03) 

.58 (.08) 
.73 (.05) 

.78 (.07) 
.61 (.06) 

.51 (.04) 
.62 (.05) 

.67 (.05) 
.84 (.15) 

π
A(3)  

.15 (.05) 
.22 (.03) 

.40 (.10) 
.24 (.05) 

.10 (.05) 
.38 (.06) 

.33 (.05) 
.33 (.05) 

.07 (.06) 
.00 (.00) 

π
B(1)  

.21 (.05) 
.22 (.02) 

.11 (.04) 
.16 (.04) 

.25 (.05) 
.10 (.05) 

.27 (.04) 
.28 (.04) 

.43 (.05) 
.48 (.08) 

π
B(2)  

.63 (.05) 
.60 (.03) 

.60 (.05) 
.76 (.06) 

.66 (.06) 
.80 (.06) 

.55 (.04) 
.66 (.04) 

.52 (.04) 
.46 (.07) 

π
B(3)  

.16 (.04) 
.18 (.02) 

.29 (.06) 
.08 (.04) 

.09 (.02) 
.10 (.04) 

.18 (.03) 
.06 (.02) 

.05 (.02) 
.06 (.02) 

π
C

(1)  
.44 (.07) 

.25 (.09) 
.26 (.11) 

.25 (.09) 
.59 (.05) 

.20 (.08) 
.38 (.07) 

.38 (.06) 
.60 (.08) 

.62 (.09) 
π

C
(2)  

.56 (.07) 
.74 (.09) 

.74 (.11) 
.75 (.09) 

.39 (.05) 
.80 (.08) 

.61 (.07) 
.62 (.06) 

.39 (.08) 
.38 (.09) 

π
C

(3)  
.00 (.00) 

.01 (.02) 
.00 (.00) 

.00 (.00) 
.02 (.02) 

.00 (.00) 
.01 (.02) 

.00 (.00) 
.01 (.01) 

.00 (.00) 
Third Latent C

lass (H
igh H

yperactivity-Im
pulsivity) 

π
A(1)  

.05 (.03) 
.02 (.03) 

.02 (.02) 
.02 (.02) 

.00 (.00) 
.04 (.04) 

.09 (.09) 
.00 (.00) 

.00 (.00) 
.05 (.06) 

π
A(2)  

.27 (.06) 
.13 (.06) 

.22 (.05) 
.27 (.07) 

.21 (.06) 
.07 (.04) 

.07 (.04) 
.12 (.06) 

.17 (.06) 
.23 (.08) 

π
A(3)  

.68 (.06) 
.85 (.07) 

.76 (.06) 
.71 (.08) 

.79 (.06) 
.89 (.05) 

.84 (.06) 
.88 (.06) 

.83 (.06) 
.72 (.10) 

π
B(1)  

.26 (.04) 
.17 (.05) 

.11 (.04) 
.18 (.07) 

.22 (.04) 
.06 (.04) 

.26 (.05) 
.12 (.06) 

.32 (.04) 
.31 (.04) 

π
B(2)  

.22 (.05) 
.20 (.06) 

.44 (.06) 
.27 (.06) 

.31 (.04) 
.25 (.06) 

.25 (.05) 
.34 (.08) 

.36 (.05) 
.56 (.04) 

π
B(3)  

.52 (.06) 
.63 (.07) 

.45 (.06) 
.55 (.08) 

.47 (.05) 
.69 (.07) 

.49 (.06) 
.54 (.08) 

.32 (.05) 
.13 (.02) 

π
C

(1)  
.21 (.05) 

.13 (.07) 
.00 (.00) 

.27 (.07) 
.08 (.04) 

.11 (.05) 
.00 (.00) 

.19 (.07) 
.05 (.05) 

.32 (.04) 
π

C
(2)  

.45 (.06) 
.12 (.11) 

.35 (.39) 
.38 (.09) 

.44 (.05) 
.36 (.08) 

.08 (.15) 
.35 (.10) 

.60 (.05) 
.54 (.04) 

π
C

(3)  
.34 (.06) 

.75 (.12) 
.65 (.39) 

.35 (.09) 
.48 (.06) 

.53 (.08) 
.92 (.15) 

.46 (.10) 
.35 (.06) 

.14 (.03) 
N

ote: Standard errors are in parentheses. Behaviour A refers to C
an't sit still, is restless, or hyperactive. Behaviour B refers to H

as difficulty  aw
aiting turn in gam

es or groups. Behaviour C
 

refers to C
annot settle to anything for m

ore than a few
 m

om
ents. For exam

ple, pA(1) refers to the    probability of a rating never or not true to behaviour A. C
onditional behaviour rating 

probabilities for a specific behaviour sum
 to 1 across latent classes and are conditional on latent class m

em
bership. 
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Table 11 
C

onditional B
ehaviour R

ating Probability Estim
ates U

nder the U
nrestricted Three-C

lass M
odel  

for Inattention in 2-11-Year-O
ld B

oys 
First Latent C

lass (Low
 Inattention) 

 
2 years 

3 years 
4 years 

5 years 
6 years 

7 years 
8 years 

9 years 
10 years 

11 years 
π

A(1)  
.86 (.19) 

.67 (.04) 
.84 (.06) 

.79 (.10) 
.91 (.06) 

.81 (.03) 
.86 (.04) 

.83 (.04) 
.87 (.04) 

.95 (.06) 
π

A(2)  
.13 (.18) 

.29 (.04) 
.16 (.06) 

.20 (.08) 
.08 (.06) 

.17 (.03) 
.11 (.04) 

.17 (.04) 
.12 (.04) 

.05 (.06) 
π

A(3)  
.01 (.02) 

.04 (.01) 
.00 (.00) 

.00 (.00) 
.02 (.02) 

.02 (.01) 
.03 (.01) 

.00 (.00) 
.01 (.01) 

.00 (.00) 
π

B(1)  
.94 (.02) 

.92 (.02) 
.92 (.02) 

.87 (.02) 
.90 (.02) 

.91 (.02) 
.90 (.02) 

.88 (.02) 
.90 (.02) 

.91 (.02) 
π

B(2)  
.06 (.02) 

.08 (.02) 
.08 (.02) 

.13 (.02) 
.10 (.02) 

.08 (.02) 
.10 (.02) 

.12 (.02) 
.09 (.02) 

.09 (.02) 
π

B(3)  
.00 (.00) 

.00 (.00) 
.00 (.00) 

.00 (.00) 
.00 (.00) 

.01 (.00) 
.00 (.00) 

.00 (.00) 
.01 (.01) 

.00 (.00) 
π

C
(1)  

1.00 (.00) 
.81 (.05) 

.99 (.01) 
.99 (.01) 

.85 (.03) 
.83 (.03) 

.94 (.04) 
.88 (.04) 

.86 (.03) 
.94 (.06) 

π
C

(2)  
.00 (.00) 

.18 (.05) 
.00 (.00) 

.00 (.00) 
.13 (.03) 

.17 (.03) 
.06 (.04) 

.12 (.04) 
.14 (.03) 

.06 (.06) 
π

C
(3)  

.00 (.00) 
.01 (.01) 

.01 (.01) 
.01 (.01) 

.02 (.01) 
.00 (.00) 

.00 (.00) 
.00 (.00) 

.00 (.00) 
.00 (.00) 

Second Latent C
lass (M

edium
 Inattention) 

π
A(1)  

.17 (.08) 
.12 (.06) 

.30 (.02) 
.31 (.03) 

.02 (.09) 
.13 (.05) 

.23 (.05) 
.16 (.06) 

.15 (.05) 
.26 (.10) 

π
A(2)  

.78 (.10) 
.78 (.07) 

.63 (.02) 
.61 (.03) 

.95 (.16) 
.70 (.04) 

.77 (.05) 
.75 (.06) 

.78 (.06) 
.73 (.09) 

π
A(3)  

.05 (.03) 
.10 (.05) 

.07 (.01) 
.08 (.03) 

.03 (.13) 
.17 (.03) 

.00 (.00) 
.09 (.05) 

.07 (.06) 
.01 (.05) 

π
B(1)  

.85 (.03) 
.71 (.04) 

.78 (.02) 
.75 (.03) 

.71 (.04) 
.54 (.04) 

.59 (.04) 
.60 (.05) 

.57 (.04) 
.67 (.06) 

π
B(2)  

.14 (.03) 
.27 (.04) 

.22 (.02) 
.24 (.03) 

.29 (.04) 
.45 (.04) 

.40 (.04) 
.38 (.04) 

.41 (.04) 
.31 (.06) 

π
B(3)  

.01 (.01) 
.01 (.01) 

.00 (.00) 
.01 (.01) 

.00 (.00) 
.01 (.01) 

.01 (.01) 
.02 (.01) 

.02 (.01) 
.00 (.00) 

π
C

(1)  
.39 (.13) 

.05 (.08) 
.28 (.07) 

.13 (.24) 
.30 (.09) 

.11 (.05) 
.24 (.06) 

.08 (.12) 
.23 (.05) 

.21 (.10) 
π

C
(2)  

.61 (.13) 
.93 (.08) 

.70 (.07) 
.83 (.22) 

.70 (.09) 
.89 (.05) 

.76 (.06) 
.92 (.12) 

.74 (.05) 
.79 (.10) 

π
C

(3)  
.00 (.00) 

.02 (.01) 
.02 (.01) 

.04 (.04) 
.00 (.00) 

.00 (.00) 
.00 (.00) 

.00 (.00) 
.03 (.02) 

.00 (.00) 
Third Latent C

lass (H
igh Inattention) 

π
A(1)  

.61 (.10) 
.00 (.00) 

.00 (.00) 
.00 (.00) 

.00 (.00) 
.04 (.05) 

.01 (.01) 
.00 (.00) 

.00 (.00) 
.00 (.00) 

π
A(2)  

.11 (.08) 
.00 (.00) 

.06 (.16) 
.44 (.24) 

.14 (.05) 
.22 (.06) 

.24 (.05) 
.42 (.08) 

.10 (.14) 
.64 (.06) 

π
A(3)  

.28 (.09) 
1.00 (.00) 

.94 (.16) 
.56 (.24) 

.86 (.06) 
.74 (.08) 

.75 (.05) 
.58 (.08) 

.90 (.14) 
.36 (.06) 

π
B(1)  

.62 (.10) 
.88 (.07) 

.43 (.17) 
.39 (.30) 

.52 (.10) 
.36 (.08) 

.49 (.05) 
.30 (.06) 

.41 (.09) 
.35 (.08) 

π
B(2)  

.36 (.10) 
.00 (.00) 

.22 (.14) 
.29 (.24) 

.30 (.06) 
.36 (.08) 

.32 (.05) 
.58 (.06) 

.37 (.08) 
.50 (.06) 

π
B(3)  

.02 (.02) 
.12 (.07) 

.35 (.17) 
.32 (.18) 

.18 (.07) 
.28 (.07) 

.19 (.04) 
.12 (.04) 

.22 (.08) 
.15 (.05) 

π
C

(1)  
.00 (.00) 

.00 (.00) 
.00 (.00) 

.14 (.20) 
.09 (.05) 

.12 (.11) 
.05 (.04) 

.30 (.09) 
.10 (.06) 

.15 (.06) 
π

C
(2)  

.85 (.08) 
.66 (.17) 

.10 (.21) 
.35 (.17) 

.54 (.13) 
.05 (.11) 

.47 (.05) 
.36 (.12) 

.42 (.15) 
.63 (.07) 

π
C

(3)  
.15 (.08) 

.34 (.17) 
.90 (.21) 

.51 (.26) 
.37 (.14) 

.83 (.15) 
.48 (.05) 

.34 (.09) 
.48 (.16) 

.22 (.07) 
N

ote: Standard errors are in parentheses. Behaviour A refers to C
an't concentrate, can't pay attention for too long. Behaviour B refers to Stares into  space. Behaviour C

 refers to Is inattentive. 
For exam

ple, pA(1) refers to the probability of a rating never or not true to behaviour A. C
onditional behaviour rating probabilities for a specific behaviour sum

 to 1 across latent classes and are 
conditional on latent class m

em
bership. 
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Finally, the odds of being rated in the third category (i.e., often or very true) tend to be 
higher for children who belong to the third latent class than for those who belong to the 
second latent class. Furthermore, the odds of being rated in the third category tend to be 
higher for children who belong to the second latent class than for those who belong to 
the first latent class. If we consider the odds of being rated in the third category on the 
third hyperactivity-impulsivity behaviour item (i.e., Cannot settle to anything for more 
than a few moments) for 2-year-old girls, we find that the odds were (.80/.20) = 4 for 
girls who belong to the third latent class, compared to (.02/.98) = 0.02 for girls in the 
second latent class and (.001/.999) = 0.001 for girls in the first latent class (see Table 8). 
Therefore, the odds of being rated in the third category were (4/0.02) = 200 times higher 
for 2-year-old girls in the third latent class than for those in the second latent class and 
(.02/0.001) = 20 times higher for 2-year-old girls in the second latent class than for those 
in the first latent class. 

4.2.1 Conclusion 
The conditional behaviour rating probability estimates indicated a clear ordering of the latent 
classes under the unrestricted three-class model. The first latent class (i.e., low) includes 
children who do not tend to manifest hyperactive-impulsive and inattentive behaviours. The 
second latent class (i.e., medium) includes children who tend somewhat to manifest 
hyperactive-impulsive and inattentive behaviours. The third latent class (i.e., high) includes 
children who tend often to manifest hyperactive-impulsive and inattentive behaviours.  

4.3 Latent Class Probability Estimates  

4.3.1 Hyperactivity-Impulsivity  
Table 12 presents the latent class probability estimates under the unrestricted three-class 
model for 2-11-year-old girls. In general, a majority of girls were estimated to belong to 
the low hyperactivity-impulsivity latent class. These latent class probability estimates 
ranged from 37% for 4 year olds to 75% for 8 year olds. In contrast, the percentage of 
girls estimated to belong to the high hyperactivity-impulsivity latent class was much 
lower, and the latent class probability estimates ranged from 5% for 2 year olds to 17% 
for 4 year olds. Results for 4 year olds should be interpreted with caution as the 
unrestricted three-class model did not fit the data for this age group. Additionally, the 
coefficients of variation, determined by dividing the standard error of the estimate by the 
estimate, were marginal to unacceptable for most of the medium and high latent classes. 
A high level of error, therefore, was associated with these estimates. 

The latent class probability estimates under the unrestricted three-class model for 
2-11-year-old boys are shown in Table 13. Most boys were estimated to belong to either 
the low or medium latent class. Latent class probability estimates for the low latent class 
ranged from 38% for 6 year olds to 65% for 7 year olds. Estimates for the medium latent 
class ranged from 23% for 7 year olds to 50% for 3 year olds. The percentage of boys 
estimated to belong to the high hyperactivity-impulsivity latent class was lower, and the 
latent class probability estimates ranged from 9% for 9 year olds to 23% for 11 year olds. 
It should be noted that the unrestricted three-class model did not fit the data for 8 and 
9-year-old boys. Furthermore, the coefficients of variation were marginal for most of the 
high latent classes.  



Table 12 
Latent C

lass Probability Estim
ates U

nder the U
nrestricted Three-C

lass M
odel for H

yperactivity-Im
pulsivity in 2-11-Year-O

ld G
irls 

Low
 H

yperactivity-Im
pulsivity 

 
2 years 

3 years 
4 years 

5 years 
6 years 

7 years 
8 years 

9 years 
10 years 

11 years 
π 

.45* 
.63 

.37** 
.59 

.51 
.73 

.75 
.72 

.58* 
.56* 

SE 
.09 

.08 
.13 

.05 
.08 

.05 
.03 

.11 
.19 

.10 
99%

 C
I 

.22-.68 
.42-.84 

.03-.71 
.46-.72 

.30-.72 
.60-.86 

.67-.83 
.44-1.00 

.09-1.07 
.30-.82 

M
edium

 H
yperactivity-Im

pulsivity 
π 

.50* 
.29* 

.46* 
.26* 

.40* 
.15** 

.16* 
.18** 

.33** 
.33* 

SE 
.09 

.08 
.10 

.06 
.08 

.06 
.03 

.10 
.18 

.09 
99%

 C
I 

.27-.73 
.08-.50 

.20-.72 
.11-.41 

.19-.61 
.00-.30 

.08-.24 
-.08-.44 

-.13-.79 
.10-.56 

H
igh H

yperactivity-Im
pulsivity 

π 
.05** 

.08** 
.17** 

.15* 
.09* 

.12* 
.09* 

.10* 
.09* 

.11* 
SE 

.02 
.04 

.07 
.03 

.03 
.03 

.02 
.02 

.02 
.03 

99%
 C

I 
.00-.10 

-.02-.18 
-.01-.35 

.07-.23 
.01-.17 

.04-.20 
.04-.14 

.05-.15 
.04-.14 

.03-.19 
N

ote: π refers to the probability of being a m
em

ber of a given latent class. R
esults for 4 year olds should be interpreted w

ith caution.  
SE = standard error. C

I = confidence interval. 
*C

oefficient of variation betw
een 16.6%

 and 33.3%
; **C

oefficient of variation greater than 33.3%
 

 

Table 13 
Latent C

lass Probability Estim
ates U

nder the U
nrestricted Three-C

lass M
odel for H

yperactivity-Im
pulsivity in 2-11-Year-O

ld B
oys 

Low
 H

yperactivity-Im
pulsivity 

 
2 years 

3 years 
4 years 

5 years 
6 years 

7 years 
8 years 

9 years 
10 years 

11 years 
π 

.39* 
.40 

.51 
.55 

.38* 
.65 

.43 
.54 

.40* 
.48* 

SE 
.07 

.06 
.07 

.05 
.07 

.04 
.06 

.05 
.07 

.09 
99%

 C
I 

.21-.57 
.25-.55 

.33-.69 
.42-.68 

.20-.56 
.55-.75 

.28-.58 
.41-.67 

.22-.58 
.25-.71 

M
edium

 H
yperactivity-Im

pulsivity 
π 

.39* 
.50 

.38 
.30* 

.40* 
.23* 

.46 
.37 

.42 
.29** 

SE 
.08 

.06 
.06 

.06 
.07 

.05 
.06 

.05 
.06 

.10 
99%

 C
I 

.18-.60 
.35-.65 

.23-.53 
.15-.45 

.22-.58 
.10-.36 

.31-.61 
.24-.50 

.27-.57 
.03-.55 

H
igh H

yperactivity-Im
pulsivity 

π 
.22* 

.10* 
.11** 

.15* 
.22 

.12* 
.11* 

.09* 
.18* 

.23 
SE 

.04 
.02 

.07 
.04 

.03 
.02 

.02 
.02 

.03 
.03 

99%
 C

I 
.12-.32 

.05-.15 
-.07-.29 

.05-.25 
.14-.30 

.07-.17 
.06-.16 

.04-.14 
.10-.26 

.15-.31 
N

ote: π refers to the probability of being a m
em

ber of a given latent class. R
esults for 8 and 9 year olds should be interpreted w

ith caution.  
SE = standard error. C

I = confidence interval. 
*C

oefficient of variation betw
een 16.6%

 and 33.3%
; **C

oefficient of variation greater than 33.3%
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4.3.2 Inattention  
Table 14 presents the latent class probability estimates under the unrestricted three-class 
model for 2-11-year-old girls. In general, a majority of girls were estimated to belong to 
the low inattention latent class, with latent class probability estimates ranging from 40% 
for 2 year olds to 72% for 8 year olds. In contrast, the percentage of girls estimated to 
belong to the high inattention latent class was much lower, and estimates ranged from 1% 
for 4 year olds to 18% for 2 year olds. Results for 2, 6, and 8 year olds should be 
interpreted with caution as the three-class model did not fit the data for these age groups. 
Also, the coefficients of variation were marginal to unacceptable for most of the high 
inattention latent classes. 

The latent class probability estimates under the unrestricted three-class model for 
2-11-year-old boys are shown in Table 15. In general, most boys were estimated to 
belong to the low latent class, and latent class probability estimates ranged from 38% for 
2 year olds to 62% for 3 and 6 year olds. The percentage of boys estimated to belong to 
the high inattention latent class was much lower, and estimates ranged from 1% for 
4 year olds to 14% for 8 year olds. It should be noted that the unrestricted three-class 
model did not fit the data for 2-year-old boys. Furthermore, the coefficients of variation 
were marginal to unacceptable for most of the high latent classes. 

 



Table 14 
Latent C

lass Probability Estim
ates U

nder the U
nrestricted Three-C

lass M
odel for Inattention in 2-11-Year-O

ld G
irls 

Low
 Inattention 

 
2 years 

3 years 
4 years 

5 years 
6 years 

7 years 
8 years 

9 years 
10 years 

11 years 
π 

.40* 
.60* 

.64 
.67 

.63 
.63 

.72 
.63 

.66 
.65 

SE 
.11 

.10 
.02 

.02 
.02 

.04 
.03 

.08 
.04 

.04 
99%

 C
I 

.12-.68 
.34-.86 

.59-.69 
.62-.72 

.58-.68 
.53-.73 

.64-.80 
.42-.84 

.56-.76 
.55-.75 

M
edium

 Inattention 
π 

.42* 
.36* 

.35 
.31 

.33 
.33 

.24 
.27* 

.28 
.29 

SE 
.13 

.10 
.02 

.02 
.02 

.04 
.03 

.08 
.04 

.04 
99%

 C
I 

.08-.76 
.10-.62 

.30-.40 
.26-.36 

.28-.38 
.23-.43 

.16-.32 
.06-.48 

.18-.38 
.19-.39 

H
igh Inattention 

π 
.18* 

.04** 
.01** 

.02** 
.04** 

.04* 
.04* 

.10* 
.06* 

.06* 
SE 

.05 
.02 

.01 
.01 

.02 
.01 

.01 
.02 

.01 
.01 

99%
 C

I 
.05-.31 

-.01-.09 
-.02-.04 

-.01-.05 
-.01-.09 

.01-.07 
.01-.07 

.05-.15 
.03-.09 

.03-.09 
N

ote:  π refers to the probability of being a m
em

ber of a given latent class. R
esults for 2, 6, and 8 year olds should be interpreted w

ith caution.  
SE = standard error. C

I = confidence interval. 
*C

oefficient of variation betw
een 16.6%

 and 33.3%
; **C

oefficient of variation greater than 33.3%
 

 

Table 15 
Latent C

lass Probability Estim
ates U

nder the U
nrestricted Three-C

lass M
odel for Inattention in 2-11-Year-O

ld B
oys 

Low
 Inattention 

 
2 years 

3 years 
4 years 

5 years 
6 years 

7 years 
8 years 

9 years 
10 years 

11 years 
π 

.38* 
.62 

.45 
.54* 

.62 
.61 

.49 
.57 

.51 
.48 

SE 
.10 

.06 
.05 

.11 
.05 

.04 
.05 

.04 
.04 

.07 
99%

 C
I 

.12-.64 
.47-.77 

.32-.58 
.26-.82 

.49-.75 
.51-.71 

.36-.62 
.47-.67 

.41-.61 
.30-.66 

M
edium

 Inattention 
π 

.51* 
.34* 

.54 
.42* 

.28* 
.33 

.37 
.30* 

.41 
.34* 

SE 
.11 

.07 
.05 

.12 
.06 

.04 
.05 

.05 
.05 

.08 
99%

 C
I 

.23-.79 
.16-.52 

.41-.67 
.11-.73 

.13-.43 
.23-.43 

.24-.50 
.17-.43 

.28-.54 
.13-.55 

H
igh Inattention 

π 
.11** 

.04** 
.01** 

.04** 
.10** 

.06* 
.14 

.13* 
.08** 

.18* 
SE 

.05 
.02 

.01 
.02 

.04 
.01 

.01 
.03 

.03 
.05 

99%
 C

I 
-.02-.24 

-.01-.09 
-.02-.04 

-.01-.09 
.00-.20 

.03-.09 
.11-.17 

.05-.21 
.00-.16 

.05-.31 
N

ote: π refers to the probability of being a m
em

ber of a given latent class. R
esults for 2 year olds should be interpreted w

ith caution.  
SE = standard error. C

I = confidence interval. 
*C

oefficient of variation betw
een 16.6%

 and 33.3%
; **C

oefficient of variation greater than 33.3%
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4.3.3 Conclusion 
Under the unrestricted three-class model, most 2-11-year-old children were estimated to 
belong to either the low or medium latent class for both hyperactivity-impulsivity and 
inattention. Latent class probability estimates for the high hyperactivity-impulsivity class 
ranged from 5-17% for girls and from 9-23% for boys. Latent class probability estimates 
for the high inattention class ranged from 1-18% for girls and from 1-14% for boys.  

4.4 Posterior Conditional Probability Estimates 
Based on the parameter estimates under the unrestricted three-class model, it is possible 
to assign each child to a specific latent class (i.e., low, medium, high). Assignment is 
made based on the child’s posterior conditional probability of belonging to the low, 
medium, and high latent class given her or his response pattern. A child is assigned to the 
latent class that maximizes the probability of observing her or his response pattern. 
Table 16 indicates the latent class membership for hyperactivity-impulsivity for the 
27 response patterns. The actual posterior conditional probability estimates are in 
Appendix 1. We see that all children who have a response pattern 111 (i.e., mother 
responded never or not true to all three behaviour items) were assigned to the low 
hyperactivity-impulsivity latent class. In contrast, all children with a response pattern 333 
(i.e., mother responded often or very true to all three behaviour items) were assigned to 
the high hyperactivity-impulsivity latent class. Table 17 indicates the latent class 
membership for inattention for the 27 response patterns. The actual posterior conditional 
probability estimates are in Appendix 2. Again, all children with a response pattern 111 
were assigned to the low inattention latent class, while children with a response 
pattern 333 were assigned to the high inattention latent class. There were a number of 
inattention response patterns with zero observed frequencies. Interestingly, no child had a 
response pattern 133 where mothers responded never or not true to the item 
“Can’t concentrate, can’t pay attention for too long” and often or very true to the items 
“Stares into space” and “Is inattentive.”  

 



Table 16
 

Latent C
lass M

em
bership U

nder the U
nrestricted Three-C

lass M
odel of H

yperactivity-Im
pulsivity 

 
2 years 

3 years 
4 years 

5 years 
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ote: The first num
ber of the response pattern refers to the observed rating for the first behaviour item

 C
an't sit still, is restless, or hyperactive. 

The second num
ber of the response pattern refers to the observed rating for the second behaviour item

 H
as difficulty aw

aiting turn in gam
es or groups. The third num

ber 
of the response pattern refers to the observed rating for the third behaviour item

 C
annot settle to anything for m

ore than a few
 m

om
ents. 

L = low
 hyperactivity-im

pulsivity latent class; M
 = m

edium
 hyperactivity-im

pulsivity latent class; H
 = high hyperactivity-im

pulsivity latent class; The gender of the child is 
show

n in the row
 (M

 = m
ale, F = fem

ale); Em
pty cells refer to cells w

ith an observed frequency of zero, for w
hich the latent class to w

hich these children should be 
assigned is undeterm

ined. 
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5.  Discussion 
The principal aim of this study was to use data from the first NLSCY collection cycle to 
estimate the prevalence of hyperactivity-impulsivity and inattention in 2-11-year-old girls 
and boys. Based on mothers’ responses to three hyperactivity-impulsivity items, we 
found that between 5% and 17% of 2-11-year-old girls and between 9% and 23% of 
2-11-year-old boys often manifested hyperactive-impulsive behaviours. The majority of 
children, however, either did not manifest hyperactive-impulsive behaviours or did so 
only on an occasional basis. We found a similar pattern of results for inattention. 
Specifically, between 1% and 18% of 2-11-year-old girls and between 1% and 14% of 
2-11-year-old boys often manifested inattentive behaviours. However, the majority of 
children either did not manifest inattentive behaviours or did so only occasionally. 

Findings from past community studies on ADHD subtypes (Gomez et al., 1999; Nolan et 
al., 2001; Pineda et al., 1999; Wolraich et al., 1996) generally have reported lower 
prevalence estimates of hyperactivity-impulsivity and inattention than those found in the 
present study. The differences most likely reflect methodological variations including the 
instruments used for data collection, the reliance on different informants, and the 
classification method used to establish prevalence estimates. It should also be noted that 
these past community studies attempted to approximate DSM diagnoses for the ADHD 
subtypes of hyperactivity-impulsivity and inattention. In contrast, we were interested in 
identifying a combination of items that could best capture hyperactivity-impulsivity and 
inattention behaviours. 

A related aim of the present study was to illustrate the value of a latent class approach to 
the identification of childhood behaviour problems. While taking into account the lack of 
perfect symptom sensitivity and specificity, latent class analysis made it possible to identify 
an appropriate number of groups of children that could best account for mothers’ behaviour 
reports. These mutually exclusive and exhaustive groups of children differed in their 
probability of manifesting hyperactive-impulsive and inattentive behaviours. As such, it 
may be important to view hyperactive-impulsive and inattentive behaviours along a 
continuum of increasing frequency rather than as behaviours that are either present or 
absent in a child. Our study also demonstrated the ability of latent class analysis to estimate 
latent class probabilities (which translate into prevalence estimates) and conditional 
behaviour rating probabilities (which provide information about the presence and absence 
of behaviours in children who do and do not belong to a specific latent class). Finally, we 
demonstrated how latent class analysis can be used to assign children to a specific latent 
class based on their mothers’ pattern of responding to the behaviour items. 

The results of our study have several important public policy implications. Scahill and 
Schwab-Stone (2000) noted that “because it could have a fundamental influence on the 
allocation of resources for prevention and treatment, the prevalence of a disease in the 
population has important implications for health policy” (p. 542). We provided estimates of 
the prevalence of hyperactivity-impulsivity and inattention separately for 2-11-year-old 
girls and boys from the Canadian population. These prevalence estimates may help guide 
decisions about the needs of children with behaviour problems with regard to treatment 
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interventions and to efforts aimed at preventing the worsening of behaviour problems over 
time. Additionally, we provided a means of identifying children with problematic 
hyperactive-impulsive and inattentive behaviours. Given the limited public resources that 
currently exist for mental health services, our findings may help public policy makers to 
best channel resources toward children who are most in need. In other words, the better we 
can identify children with behaviour problems, the better we can deliver intervention 
programs to treat these problems as early and as effectively as possible.  

Our study had a number of important limitations. First, we were unable to use all of the 
hyperactive-impulsive and inattentive behaviour items from the NLSCY interviews. 
Including all the behaviour items would have resulted in a number of empty or near-empty 
observed frequency cells and would have posed difficulties for our interpretation of results. 
It is also for this reason that we did not examine hyperactive-impulsive and inattentive 
behaviour items together. Second, a number of our prevalence estimates had levels of 
error that ranged from marginal to unacceptable. As such, these estimates should be 
interpreted with caution. Third, we relied exclusively on mother reports to estimate the 
prevalence of hyperactivity-impulsivity and inattention. It will be important to validate 
our findings using data from other informants. Fortunately, the NLSCY includes 
teacher reports of school-age children’s behaviours as well as self-reports from older 
children. Fourth, our study was cross-sectional in nature. However, data from 
subsequent NLSCY cycles will permit us to obtain longitudinal estimates of the 
prevalence of hyperactivity-impulsivity and inattention. In addition, longitudinal data 
will make it possible to track intra-individual change in these behaviour problems over 
time. Fifth, our study did not address the issue of comorbidity, despite the literature 
showing that hyperactivity-impulsivity and inattention frequently co-occur with other 
disorders, particularly those of a disruptive nature.  
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