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Early math abilities, such as number
knowledge, are presumed to play a key role
in school achievement trajectories



However, we know very little about the early
development of these skills



We also know very little on how well they
predict achievement in school across
childhood



1- To identify distinct developmental
trajectories of math abilities in the
preschool/early school-age period (i.e.,
number knowledge)



2- To document to what extent these
trajectories are associated with later math
achievement and overall school achievement
across childhood



The subjects are drawn from the Quebec
Longitudinal Study of Child Development
(QLSCD), a birth cohort of more than 2000
children
◦ For the current study, maximum sample size is 1597
◦ Mean age at T1 (start of trajectories) = 4.16 years
(sd=.26)
◦ 819 girls; 778 boys



The QLSCD is a prospective longitudinal study of
children, starting at the age of 5 months, who
are representative of all infants born in 1998 in
the province of Quebec, Canada



Children’s number knowledge was assessed
at 4 different times (direct testing, 4 to 7
years of age)



Information on basic socio-demographic
variables (e.g., child gender, family income,
etc.) was also collected at 4 years of age



Children were then assessed on their math
and overall school achievement (teacher
reports, 1st, 2nd and 4th grade)







Number Knowledge:
Knowledge: Number Knowledge Test
(NKT; Okamoto & Case, 1996)
The NKT measures basic knowledge and
understanding of number concepts
Two different versions of the NKT were used,
one for ages 4 to 6 (a) and one for age 7 (b)
◦ Version a: 18 questions, scored on a pass-fail basis
◦ Version b: 27 questions, scored on a pass-fail basis



Version a:
◦ « Here are some circles and triangles. Count just
the triangles and tell me how many there are? »
◦ « Which pile has more chips, A or B? »
◦ « Which number is closer to 5: 6 or 2? »



Version b:
◦ « When you are counting, which of these numbers
do you say last? 8,5,2,6 »
◦ « What number comes 4 numbers before 60? »
◦ « What is the largest two digit number? »








Math and overall school achievement:
achievement:
Teacher reports
1. How would you rate this child’s current academic
achievement in mathematics?
2. How would you rate this child’s current academic
achievement in across all areas of instruction?
Teachers rated the performance of each child on a 5point Likert scale, where 1 = “Near the bottom 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” and 5 =
“Near the top of the class”



Number knowledge developmental trajectories
were identified using a semi-parametric, finite
mixture model described by Nagin (2005, 2011).



Number knowledge trajectory analyses revealed the
presence of four groups:
1) Low and Increasing (n=153; 10%);
2) Moderate and Increasing (n=630; 39%);
3) Moderate and Fast Increasing (n=506; 32%);
4) High and Increasing (n=308; 19%).








6 ANOVAs were performed to examine to what
extent the different NK trajectories are
associated with later math and overall school
achievement across childhood



Controlling for g in ANCOVAs (indexed by
children’s performance on the Block Design
subtest of the WPPSI-R) did not change the
significance of any of the results



Only results from ANOVAs are presented.
Specific group differences were tested with
Scheffe’s post-hoc tests

Trajectories 3 and 4 significantly differed from
trajectories 1 and 2, but did not significantly differed
from each other. Trajectory 1 also differed from 2.
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Trajectories 3 and 4 significantly differed from
trajectories 1 and 2, but did not significantly differed
from each other. Trajectory 1 also differed from 2.
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Trajectories 3 and 4 significantly differed from
trajectories 1 and 2, but did not significantly differed
from each other. Trajectory 1 also differed from 2.
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All group differences were found to be
significant
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All group differences were found to be
significant
Overall achievement grade 2
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Trajectories 3 and 4 significantly differed from
trajectories 1 and 2, but did not significantly
differed from each other. Trajectory 1 also
differed from 2.
Overall achievement grade 4
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We were able to reliably identify different
groups of children based on their level of
number knowledge across the
preschool/early school-age period



We were able to significantly predict later
math achievement and overall school
achievement from the membership in the NK
trajectories across the primary school period



Children in trajectory 3 were initially close to
trajectories 1 and 2 but, very quickly, increased
their performance to the point where their NK
scores resembled those of children in trajectory 4
at 6 and 7 years of age



A follow-up study was then designed in order to
investigate further these group differences, this
time by examining some potential predictors of
the trajectories.



Investigation of the predictors of trajectory #3.

We systematically compared children in trajectory
#3 to
1. children in trajectory #4
2. children in trajectories #1 and #2 combined
on early motor and cognitive development and
several features of their environment
(e.g., parenting, daycare).
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Children’s motor and cognitive development



Maternal substance use during pregnancy (alcohol and tobacco)



Literacy - Exposure to reading



Daycare use



Parental characteristics (e.g., overprotection)



Stimulation in the home (quality of the home environment)



Parenting practices (e.g., positive parenting, coercive parenting)
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Socio-demographic, child motor and cognitive
development, and environmental variables
(e.g., parenting, daycare, etc.) were collected
longitudinally at 5, 17, 29 and 41 months of age.
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Milestones in cognitive and motor development: Questions developed
by Gail Poe of the National Center for Health Statistics for the NLSY.
Included in computer-assisted interview at 5, 17, and 29 months.
Scores (milestone reached Y/N) were summed.
Literacy: Questions developed for the NLSCY about occurrence (Y/N)
and frequency of reading to children by adults. Included in computerassisted interview at 5, 17, and 29 months.
Daycare: Questions developed for the NLSCY asked at 5, 17, 29 and
41 months in the computer-assisted interview. Question retained: use
of any kind of daycare (Y/N).
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Parental characteristics: Parental Conducts and
Cognitions Toward Infants Scale (Pacotis), developed by
Boivin et al (2005) included in mother’s self-reported
questionnaire, at 5, 17, and 29 months. Scales: Selfefficacy, overprotection, perception of impact, hostilereactive behaviour.



Stimulation in the home: HOME (Caldwell &
Bradley, 1984) filled by interviewer at 5, 17, 29 months.
Stimulation score corresponds to the mean of 6 items
assessing mother’s interaction with child and
availability of educational toys, transformed into a 0-10
score.

1.

The association between each predictor and trajectory #3 (vs.
#4 and vs. #1+#2) was assessed independently using either
correlations or chi-square analyses.

2.

Each significant association identified at step 1 was re-assessed
while taking into account socio-demographic variables (child
gender, child age, family income, maternal education), using
logistic regressions.

3.

All significant predictors identified at step 2 were included in a
final and full logistic regression model along with control
variables.
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Full model: Trajectory #3 vs. #4
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Full model:
model Trajectory #3 vs. #1+#2

28



Predictors of both #3 vs. #4 difference and #3 vs. #1+#2
difference:
◦ Cognitive development and exposure to reading at 29
months



Predictors of #3 vs. #4 difference:
◦ Exposure to reading at 17 months and use of daycare at 5
or 29 months



Predictors of #3 vs. #1+#2 difference:
◦ Parental perceived impact at 5 months; Parental
overprotection at 5, 17 and 29 months
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Besides child cognitive development, very early daycare
attendance (vs. parental care) could explain the initial
difference between the two high trajectories.



Besides child cognitive development, less optimal home
environment quality could result in less stimulation, and
parental overprotection could hinder child
exploration, potentially leading to durably lower number
knowledge and maths skills in children exposed to these
risk factors.



The relation between daycare attendance and number
knowledge needs further investigation.
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Developmental trajectory analyses such as
Nagin’s procedure (1999, 2005, 2011) allows to
identify sub-groups of individuals who show
similar pattern of development over time
regarding a specific variable or phenotype



These trajectories can then be considered as 1)
predictors or independent variable (to verify their
significance and meaningfulness) and also as
outcomes or dependent variable (to allow for
preventive intervention, among others)

