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Immigrant and refugee children and adolescents form a growing socially, culturally, and economically
diverse group with the potential for wide-ranging adaptation outcomes. The goal of the study was to
examine whether developmental competencies (social-emotional and academic) and sociodemographic
disparities (e.g., SES and migration class) identified in kindergarten forecast the academic achievement
trajectories of first- and second-generation immigrant and refugee children, from childhood to adolescence. The study used a retrospective, longitudinal, population-based design by making use of linked,
individual-level administrative data from four sources (e.g., Immigration, Refugees, and Citizenship
Canada and Ministry of Education; IRCC, 2014 and BC MED, 2014) to identify a study cohort of
immigrant and refugee children in British Columbia, Canada (N ⫽ 9,216). We utilized an analytical
approach (group-based trajectory modeling) that allowed us to capture heterogeneity in the Grade 4 to
Grade 10 academic (literacy and numeracy) trajectories. The resulting literacy and numeracy achievement trajectories were wide-ranging—some children thriving, some catching up, and some falling behind
over time. Children’s developmental competencies assessed in kindergarten (literacy, numeracy, and
social-emotional) were found to predict later trajectory group membership in significant and, at times,
interacting ways. Trajectory group membership also differed by migration class (refugee/immigrant),
generation status, socioeconomic status, English language learner status, and sex. The findings highlight
the need for early, targeted school and community interventions that will help set all immigrant and
refugee children onto long-term paths of positive adaptation.
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Educational Impact and Implications Statement
This study tracked the academic achievement of 9,216 immigrant and refugee children in British
Columbia, Canada from childhood to adolescence (Grade 4 to Grade 10) and found groups that
thrived over time, that were catching up, and that were falling behind. Children’s likelihood of
following each of these paths depended upon their academic and social-emotional competencies in
kindergarten as well as a number of other sociodemographic factors (e.g., socioeconomic status). The
findings highlight the need for early, targeted school and community interventions that will help set
all immigrant and refugee children onto long-term paths of positive adaptation.
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Immigrant and refugee children form a growing socially, culturally, and economically diverse group that may have equally
diverse adaptation outcomes. Indeed, researchers have identified
significant variations in the academic achievement of immigrant
and refugee children and adolescents, particularly when measured
over time (Gagné, Schonert-Reichl, Costigan, Guhn, & Shapka,
2019; Han, 2008; Suárez-Orozco et al., 2010; Szalacha, Marks,
Lamarre, & Coll, 2005). Developing a better understanding of
variations in the academic achievement of immigrant and refugee
children over time (e.g., who will thrive, catch up, or fall behind)
requires a deeper understanding of where they are at school entry.
Consequently, the goal of this study was to examine whether
developmental competency disparities (social-emotional and academic) and social disparities (e.g., socioeconomic status [SES] and
migration class) identified in kindergarten forecast the long-term
academic achievement trajectories from childhood to adolescence
of first- and second-generation immigrant and refugee children.
The benefit of studying academic trajectories from the point of
school entry is twofold: First, it provides an opportunity to identify
early differences among immigrant and refugee children and how
disparities that appear at the start of school increase or attenuate
over time. Second, the transition to school is a natural point for
providing early supports and interventions that help to reduce early
inequalities before they can widen over the long term (Entwisle,
Alexander, & Olson, 1997).

The Diverse Academic Pathways of Immigrant and
Refugee Children
Achieving academic success is often perceived as a key aspect
of positive adaptation (Masten & Coatsworth, 1998) and those who
migrate often go to great lengths to obtain academic success,
including spending long hours studying and actively seeking extra
help (Fuligni, 1997, 1998; García Coll et al., 1996; Kao & Tienda,
1995). Indeed, in certain settlement countries (e.g., Canada and the
U.S.) and for certain immigrant groups, studies often find general
patterns of academic achievement that are similar or better than
nonimmigrant peers, at least initially (Crosnoe & Turley, 2011;
Gagné et al., 2019; McAndrew, 2009; Suárez-Orozco et al., 2010;
Szalacha et al., 2005). However, despite this overarching pattern,
researchers have identified a range of academic trajectory patterns:
Whereas some immigrant and refugee children show consistently
high levels of academic achievement, others fare poorly; some
show large academic gains over time, while still others academically decline (Gagné et al., 2019; Han, 2008; Suárez-Orozco et al.,

2010; Szalacha et al., 2005). Building upon this work requires
developing an understanding of the factors that predict the academic trajectories of immigrant children and importantly, what
early factors may help to support positive academic development
over time and prevent the more deleterious academic pathways
from taking shape.

Factors Associated With the Academic Achievement of
Immigrant and Refugee Children
The extant understanding of factors associated with the positive
adaptation of immigrant and refugee children has been primarily
developed based upon generalized frameworks of development,
such as Bronfenbrenner’s bioecological model of human development (Bronfenbrenner & Morris, 2006) and Masten’s risk and
resilience framework of development (Masten, 2015), as well as
theoretical models aimed at understanding competence in the
context of children’s minority status (García Coll et al., 1996).
Building upon and extending these theoretical traditions, SuárezOrozco, Motti-Stefanidi, Marks, and Katsiaficas (2018) developed
an integrative risk and resilience model designed with a specific
focus on the adaptation of immigrant-origin children and youth.
The model posits that meeting normative developmental tasks,
such as academic progress, is one of the key indicators of positive
adaptation for immigrant-origin children and recognizes that there
are specific, multilevel factors that shape migration contexts, children’s experiences of adaptation and ultimately, their adaptation
outcomes. This includes the global forces that propel migration
(e.g., economic inequality and geopolitical unrest), sociopolitical
contexts of settlement (e.g., effective policies and programs), and
microsystem-level factors (e.g., families and schools).
Within this larger frame, the model also recognizes that there are
individual-level factors that influence the positive adaptation of
immigrant-origin children. At the individual level, it emphasizes
the importance of immigrant-origin children’s developmental
competencies. Developmental competencies (which include cognitive, social and emotional competencies) are thought to be key
for the adaptation of immigrant-origin children; they create the
foundation from which children are able to effectively respond to
their migration contexts and any adaptation challenges they may
face in order to meet normative developmental tasks, such as
academic progress, that are required of them in their new context
(Suárez-Orozco et al., 2018). The model also recognizes the positionality of immigrant-origin children—that is to say, the sociodemographic factors, such as gender, socioeconomic status,
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generation status, language competence, and migration class that
shape children’s experiences within their migration contexts and
influence their ability to adapt successfully. It is these individuallevel factors that are the focus of the current investigation. The
following section reviews research on these individual-level
factors, specifically early academic competencies, early socialemotional competencies, and the sociodemographic factors that
may predict variations in the academic trajectories of immigrant
and refugee children.
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Early Academic Competencies and Later
Academic Achievement
Early academic (sometimes termed preacademic) competencies
such as literacy and numeracy are known to be strong predictors of
later academic achievement (Claessens & Engel, 2013; Duncan et
al., 2007; La Paro & Pianta, 2000). Much of the research on
literacy and numeracy skills in early childhood has found not only
differences in the academic competencies of immigrant and refugee children at school entry, but also differences in their subsequent academic trajectories. In a U.S.-based study, Han (2008)
followed children of immigrants from kindergarten to Grade 3 and
found a range of reading and math achievement trajectory patterns
over that time. Certain groups closed the gaps to perform on par
with their native-born White peers by Grade 3 (e.g., children from
Central America) and other groups performed initially well but
showed a pattern of decline over time (e.g., children from East
Asia). Leventhal and colleagues (Leventhal, Xue, & Brooks-Gunn,
2006) found that immigrant children had lower initial verbal scores
on average in comparison with nonimmigrant children, but they
also generally showed greater levels of growth over time. In this
study, family resources helped to explain some of the growth for
immigrants but not all. Other studies have found that first- and
second-generation immigrant children not only started off with
higher reading achievement at kindergarten but they also had faster
rates of growth in achievement over time than third generation
children (Palacios, Guttmannova, & Chase-Lansdale, 2008). With
that said, past work has highlighted that certain groups are at risk
for lower levels of academic skills upon school entry, including
immigrant children from low SES families (Browne, Wade, Prime,
& Jenkins, 2018; Milbrath & Guhn, 2019) as well as children from
refugee backgrounds (Gagné, Janus, Milbrath, Gadermann, &
Guhn, 2018). Furthermore, significant research on language minority children has been conducted with findings to suggest that
children who are English language learners perform similarly to
their peers on basic cognitive skills (Geva, Yaghoub-Zadeh, &
Schuster, 2000). However, English language learners have been
found to have lower levels of performance at school entry on a
range of literacy skills, although these differences were found to be
negligible by Grade 4 (Lesaux, Rupp, & Siegel, 2007). Kieffer
(2008) however, did find lower literacy (reading) development up
to Grade 5 for language minority students in comparison to native
English speakers but only for language minority students who had
limited English proficiency by kindergarten.
Indeed, immigrant and refugee children have academic trajectories that are varied and distinct from each other and from their
nonimmigrant peers and this variation is likely to depend on
multiple factors, including literacy and numeracy competencies
upon school entry. However, thus far, the longitudinal work that
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has been done has tended to span restricted developmental periods
(e.g., childhood or adolescence) and has rarely had the scope to
capture the full complement of population-level diversity that we
would expect to see in the academic achievement of immigrant and
refugee child groups. To address this gap, the current study takes
a population-based approach to follow immigrant and refugee
children from childhood (kindergarten) through to adolescence
(Grade 10).

Early Social and Emotional Competencies and Later
Academic Achievement
Social and emotional competencies are thought to be key components in children’s readiness for school and, ultimately, their
ability to achieve academically (Davies, Janus, Duku, & Gaskin,
2016; Denham, 2006; Diamond, 2010). Although there is variability in the definition, social and emotional competencies are generally thought to include the skills and abilities associated with
emotional expressiveness, understanding of emotion, regulation of
emotion and behavior, social problem-solving, as well as social
and relationship skills (Denham, 2006). To date, research has
shown a strong association between children’s social and emotional competencies and their academic achievement, concurrently
and over time (Caprara, Barbaranelli, Pastorelli, Bandura, & Zimbardo, 2000; Durlak, Weissberg, Dymnicki, Taylor, & Schellinger,
2011; Entwisle, Alexander, & Olson, 2005; Oberle, SchonertReichl, Hertzman, & Zumbo, 2014; Rimm-Kaufman & Pianta,
2000). Social competencies such as the ability to work with others,
follow rules, and adjust to changing routines and emotional competencies such as pro-social behavior and emotional health will all
have an impact on adjustment to school, which in turn may
position children to achieve academically over the short and long
term (Collie, Martin, Nassar, & Roberts, 2019; Davies et al., 2016;
Janus & Offord, 2007).
Up to now, few studies that focused specifically on immigrant
and refugee children have taken early social and emotional competencies into account in the prediction of later academic achievement. Studies that used data from the Early Childhood Longitudinal Survey (ECLS-K) in the U.S. have broadly found similar or
more favorable social and emotional competencies at kindergarten
for immigrant children in comparison to nonimmigrant children, at
least for those from Asian and Latino/a backgrounds (Crosnoe,
2006; Turney & Kao, 2012). Studies in a Canadian context using
the Early Development Instrument (EDI; Janus & Offord, 2007)
overall found no difference in the social and emotional competencies of foreign-born children in kindergarten in comparison to
Canadian-born children, although outcomes did vary based upon a
series of individual-level interacting predictors, namely gender,
SES, and language background (Guhn, Milbrath, & Hertzman,
2016; Milbrath & Guhn, 2019). We might expect the social and
emotional competencies of immigrant and refugee children to
vary, depending on one’s experience with migration. Social and
emotional distress may stem from the overall challenges of cultural
adaptation (Berry, 2006; Sirin, Sin, Clingain, & Rogers-Sirin,
2019) to negative experiences with racism and discrimination
(Suárez-Orozco & Suárez-Orozco, 2001). Furthermore, refugee
children may have survived war and other traumatic circumstances, which can have devastating psychological consequences
(Fazel, Wheeler, & Danesh, 2005). All in all, we would expect that
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some immigrant and refugee children will start kindergarten with
lower social and emotional competencies than their peers but there
is a dearth of research that has taken social-emotional competencies into consideration in the prediction of long-term academic
progress. The current study helps to fill this gap.
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Sociodemographic Factors and Later
Academic Achievement
Immigrant and refugee children’s sociodemographic status
within their settlement country (e.g., their gender, socioeconomic
status, generation status, language competence, and migration
class) play a role in shaping their migration experiences and
ultimately their adaptation outcomes in a number of complex
ways. Female immigrants (like female nonimmigrants) tend to
outperform their male peers academically and although immigrantspecific sex and gender differences remain largely unstudied, there
is evidence to suggest that females may experience more support
from their ethno-cultural communities and fewer negative cultural
stereotypes (Suárez-Orozco & Qin, 2006). Socioeconomically,
immigrant-origin children are represented across the spectrum
(Gagné et al., 2020). However, they are more likely than their
peers to live in poverty across a range of settlement countries
(Smeeding, Robson, Wing, & Gershuny, 2012) and recent research
suggests that while some immigrant children are able to rise above
their low income circumstances, for most, poverty is just as detrimental to the academic outcomes of migrant children as it is for
nonmigrant children (Gagné et al., 2020). A key challenge to
achieving academic success that faces many immigrant and refugee children is developing competence in the language of instruction. For English language learners, attaining a level of proficiency
in certain English language and literacy skills that is comparable to
peers who speak English as a first language can take several
years—and there are wide variations based upon the type of skill
being measured as well as on individual differences such as age,
maternal education, and language learning aptitude (Paradis,
2016). Indeed, English language learners often show lower literacy
skill development, at least in kindergarten (Lesaux, Rupp, &
Siegel, 2007) and poorer early literacy skills in English language
learners have been associated with poorer literacy outcomes in
later grades (Kieffer, 2008; Mancilla-Martinez & Lesaux, 2017).
Finally, fundamental to understanding the adaptation of
immigrant-origin children is the recognition that children may
have had vastly different migration experiences. First-generation
children are in many cases found to do better than their secondgeneration and nonimmigrant peers across a number of outcomes,
including academic achievement—a pattern that has come to be
called the immigrant paradox (García Coll & Marks, 2012). Although first-generation children may struggle with learning to
communicate in a new language, their better-than-expected outcomes are often attributed to the advantages of having a more
optimistic view of their situation, a greater motivation to succeed,
and more connection to their heritage culture than their secondgeneration peers (Suárez-Orozco et al., 2018). Migration experiences can be particularly marked based upon the class of entry into
the country. Many settlement countries such as Canada, the U.S.,
and Australia have both immigrant and refugee/humanitarian pathways. In Canada, refugee children have migrated or been displaced
due to untenable circumstances in their home countries and been

accepted into Canada on the humanitarian grounds of protection
(Immigration, Refugees, & Citizenship Canada, 2017). By nature
of their premigration experiences, refugee children may have experienced considerable trauma, stemming from violence, war or
persecution (Heptinstall, Sethna, & Taylor, 2004). By contrast,
immigrant children (or families) are selected to settle in Canada
based upon their families likelihood of contributing to the Canadian labor market or because of ties to family in the country
already (Immigration, Refugees, & Citizenship Canada, 2017)—
criteria that likely offer a more advantageous social status in
Canada.

The Current Study
The above review establishes that immigrant and refugee children will not all start school on the same foot and these differences
have the potential to shape the course of their academic trajectories. From an early intervention perspective, it is important to
develop our understanding of what early factors are associated
with long-term academic achievement to ensure that all immigrant
and refugee children are set onto paths of positive academic
achievement. The goal of the current study was to examine the
extent to which individual developmental competencies and sociodemographic factors identified at school entry predict variations
in the later academic achievement trajectories of immigrant and
refugee children from childhood through to adolescence. Taking a
person-based analytic approach to understanding how multiple,
interacting factors at school entry are associated with the academic
achievement of immigrant and refugee children, the study objectives are (a) to model the varying academic trajectories (literacy
and numeracy) of immigrant and refugee children from Grade 4 to
Grade 10; (b) to determine the extent to which literacy, numeracy,
and social-emotional competencies in kindergarten as well as key
sociodemographic factors, specifically sex, English Language
Learner (ELL) status, neighborhood socioeconomic status, generation status (first or second), and migration class (immigrant or
refugee), predict the Grade 4 to Grade 10 academic trajectories of
immigrant and refugee children; and (c) to examine how literacy,
numeracy, and social-emotional competencies in kindergarten interact to predict the academic trajectories of immigrant and refugee
children.

Method
Study Sample
The study cohort was drawn from a population-based linked
dataset that included all children from the 10 largest school districts in British Columbia (which together account for well over
half of the population). From this dataset, we first selected all
children who had an Early Development Instrument (EDI) record
for their kindergarten year between 2000 and 2007. For the children with an EDI record, we subsequently identified and retained
only children who had exam data for at least two out of the three
study time points (at Grade 4, 7, 10). Lastly, we identified and
retained children who themselves or a parent had a migration
record (i.e., first- and second-generation Canadian children). This
resulted in a final study cohort of 9,216 first- and secondgeneration immigrant and refugee children who attended kinder-
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garten between 2000 and 2007. The resulting cohort was 47.6%
female (n ⫽ 4,390) and 68.3% were identified as English Language Leaners (ELL; n ⫽ 6,297). Just over a quarter (25.8%) of
the study cohort were first-generation (i.e., foreign-born; n ⫽
2,375) and the other 74.2% (n ⫽ 6,841) were second-generation
Canadian. The majority of the study cohort (or their parents) were
accepted into Canada under the immigration class (86.3%; n ⫽
7,955) but 12.5% (n ⫽ 1,151) were accepted under the refugee
class (note that the remaining 1.2% migrated under Other categories). Children arrived from more than 100 source countries in total
but the top three source countries for children in our sample were
India (20%; n ⫽ 1,844), China (16.3%; n ⫽ 1,503), and Philippines (10.2%; n ⫽ 936).

Data Sources
The study uses a retrospective, longitudinal, population-based
design by utilizing individual-level data from multiple sources:
Immigration, Refugees, and Citizenship Canada (IRCC, 2014), the
Human Early Learning Partnership (HELP, 2014), the British
Columbia Ministry of Education (BC MED, 2014), and the BC
Ministry of Health (BC MOH, 2015). IRCC Permanent Residents
data provided migration-related information on children and their
parents. HELP provided teacher-reported developmental wellbeing data for children in their kindergarten year via the EDI.
Ministry of Education data included standardized achievement test
scores for children in Grade 4, 7, and 10. The Ministry of Health
data were used to facilitate the data linkage and also provided
important demographic information such as sex and socioeconomic status. Population Data BC, a center in BC specializing in
population-level data linkage, completed the data extraction and
linkage (Population Data BC, 2014). Data were linked using a
probabilistic-deterministic approach with a resulting linkage rate
of 98.4%. The study and data linkage was approved by the University of British Columbia Behavioral Research Ethics Board
(UBC BREB; H10-01154).

Measures–Outcomes
Literacy and numeracy exams scores were used to model literacy and numeracy trajectories over time (from Grade 4 to Grade
10). Scores were based upon province-wide student assessments
that occur in Grade 4, Grade 7, and Grade 10 (Time Points 1, 2,
and 3 in this study, respectively). Scores in Grade 4 and 7 are
based upon the Foundational Skills Assessments (FSA), whereas
Grade 10 scores were based upon provincial exam scores. In order
for the scores to be interpretable in relation to the general population, the Grade 4 –10 scores were z-standardized to have means
of 0 (standard deviations of 1). This standardization was completed
based upon all children who had completed EDI at kindergarten
within the study timeframe for the same 10 school districts (a total
of 82,095 children). Analysis of individual change over time
comes with measurement concerns related to whether each time
point is measuring commensurable constructs (Lloyd, 2010). Measuring achievement in literacy and numeracy from Grade 4 to
Grade 10 using different measures is unavoidable (a Grade 10
level test given to a child in Grade 4 would tell us virtually nothing
and vice versa). However, the tests measure similar domains
across Grade 4, 7, and 10 and literacy and numeracy reported by
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teachers in kindergarten consistently predicts scores in Grade 4, 7,
and 10. This provides evidence for content validity and predictive
validity, respectively, which are recommended checks of assessing
construct commensurability with achievement/grades data (Lloyd,
2010).
Grade 4 and 7 literacy and numeracy scores. FSAs are
administered annually across schools in the province of British
Columbia and assess students’ skills developed in reading, writing,
and numeracy in Grades 4 and 7 (BC Ministry of Education,
2019). The FSAs are not mandatory but widely completed (85%
and 68% completion rates for immigrant and refugee children in
Grade 4 and 7, respectively; completion rates were 87% and 71%
for nonimmigrant children). To generate an overall literacy score,
we calculated the mean of the standardized (z-score) reading and
writing FSA scores to create a literacy composite score for each
child. The numeracy FSA scores in Grade 4 and 7 served as our
numeracy scores.
Grade 10 literacy and numeracy scores. All students in the
province of British Columbia are required to undertake a literacy
and numeracy assessment as a graduation requirement. Exam
percentage scores that fulfilled the Grade 10 literacy (e.g., English)
and numeracy (e.g., mathematics) requirement for graduation were
included. Grade 10 literacy scores had a .49 correlation with the
Grade 4 and 7 literacy scores. Grade 10 numeracy scores had a .55
and .64 correlation with the Grade 4 and 7 numeracy scores,
respectively (p ⱕ .01, in both cases). These correlations are lower
than would typically be found for the general population, particularly for literacy (e.g., Hulslander, Olson, Willcutt, & Wadsworth, 2010) but are comparable to correlations found in longitudinal studies focused on immigrant children (e.g., Han, 2008).

Measures–Predictors
Academic and social-emotional competencies at kindergarten. Academic and social-emotional competencies at kindergarten were determined by teacher assessments on the EDI (Janus
& Offord, 2007). EDI data are collected in systematic 3-year
waves across the province of BC in order to obtain a representative, population-based sample of the developmental well-being of
children in the province. The EDI measures the developmental
outcomes of children in five domains, which are composed of one
to four subdomains. Studies in BC and beyond have found psychometric evidence for test–retest reliability, interrater reliability,
differential item functioning, and overall EDI domain factor structure (Guhn, Gadermann, & Zumbo, 2007; Janus & Offord, 2007).
This includes growing evidence to suggest that the EDI has similar
psychometric properties (factor loadings and internal consistency
across domains and subdomains) and discriminates across a variety of countries and for different language/cultural groups (Guhn
et al., 2007; Guhn et al., 2016; Janus, Brinkman, & Duku, 2011).
Preliminary analyses undertaken for this study found no evidence
of uniform or nonuniform differential item functioning between
immigrant and nonimmigrant children (results not shown).
As with grade scores, the EDI scores for the study cohort
(immigrant and refugee children) were z-standardized so that they
could be meaningfully interpreted in relation to the general population. Scores were therefore standardized based upon all children
(immigrant, refugee, and nonimmigrant) in the same 10 school
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district who had completed EDI at kindergarten within the study
timeframe (82,095 children).
Social and emotional competencies in kindergarten. Social
and emotional competencies at kindergarten were measured based
on a composite score created by calculating a mean score for the
EDI emotional maturity and social competence domain scores.
Because the two domains were highly correlated (r ⫽ .80), the
items from both domains were combined to increase parsimony
while retaining maximum contribution of available information on
children’s early development to the models. The resulting composite score was very highly correlated (r ⫽ .95) with both the
separate emotional maturity and social competence scores (ordinal
alphas ⫽ .95 and .97, respectively). Emotional maturity was measured based upon teacher assessments on 30 items. These are
related to children’s anxious and fearful behavior, aggressive behavior, hyperactivity and inattentive behavior, and prosocial and
helping behavior (e.g., Would you say that this child will try to help
someone who has been hurt?). The social competence domain was
measured based upon teacher responses to 26 items related to
overall social competence, responsibility and respect, readiness to
explore, and approaches to learning (e.g., Would you say that this
child listens attentively?). All item responses were on a three-point
scale and the response options were 10 ⫽ often or very true, 5 ⫽
sometimes or somewhat true, or 0 ⫽ never or not true.
Academic competencies at kindergarten. As a measure of
children’s literacy and numeracy competencies at kindergarten, we
utilized the EDI numeracy and advanced literacy subdomain
scores from the EDI language and cognitive development domain.
The numeracy subdomain was measured based upon teacher responses to seven items related to the child’s ability to sort and
classify, use one-to-one correspondence, count to 20, recognize
numbers 1–10, compare numbers, recognize geometric shapes, and
understand simple time concepts (e.g., Would you say that this
child is able to recognize numbers 1–10?). The advanced literacy
subdomain was utilized instead of the basic literacy subdomain
because it offered greater variability in literacy scores. It reflected
teacher responses to six items related to the child’s ability to read
simple words, read complex words, read sentences, write voluntarily, write simple words, and write simple sentences (e.g., Would
you say that this child is able to read simple words?). The items in
both subdomains had two response options: yes to indicate a child
possesses the skills or no to indicate the child does not yet possess
the skill. Ordinal alphas for the numeracy and literacy subdomains
were .94 and .92, respectively. The literacy and numeracy subdomains had a .46 correlation (p ⱕ .01).
Sociodemographic factors. Sex and ELL status were reported by teachers on the EDI at kindergarten (female ⫽ 1, male ⫽
0; ELL ⫽ 1, non-ELL ⫽ 0). Neighborhood socioeconomic status
was based upon income quintiles assigned to each child based
upon their residential postal code in kindergarten, identified by
their Medical Services Plan (health insurance) registration record.
Neighborhood income quintiles, which divide Canadian neighborhoods into five equal parts based upon income, were identified
based upon postal codes using the Statistics Canada Postal Code
Conversion File (PCCF⫹; Statistics Canada, 2013). Neighborhood income quintiles were then centered around zero for the
purpose of this study (⫺2 ⫽ lowest income quintile; ⫹2 ⫽
highest income quintile). A generation status variable was created such that children born outside of Canada (first-generation)

were coded as 1 and children born in Canada to at least one
parent born outside of Canada (second-generation) were coded
as 0. A migration class variable was created whereby children
or their parents who arrived under the refugee class were coded
as 1 and those arrived under the immigration class were coded
as 0.

Data Analysis
The analyses were conducted using group-based trajectory modeling (GBTM; Nagin, 2005). GBTM is a form of finite mixture
modeling that uses maximum likelihood estimation to identify
groups of individuals who follow similar developmental trajectories (literacy and numeracy exam scores in Grade 4, 7, and 10 in
the current study). The GBTM procedure achieves this by predicting the shape of each trajectory group and then assigning each
individual to the group in which they have the highest probability
of belonging. Furthermore, individual predictors (e.g., socioemotional competency in kindergarten) were modeled simultaneously
with the trajectory groups based on the multinomial logit model, to
predict membership in each group based on our predictor variables. These analyses were conducted simultaneously, using SAS
software Version 9.4 and a SAS Proc Traj plugin (Jones & Nagin,
2007). GBTM does not make the theoretical assumption that
trajectory groups are distinct subpopulations but rather, a group of
individuals who follow similar trajectories. Given this, in a GBTM
approach such as this, parameters associated with within-class
variability are fixed to zero and the focus of the analysis is on
between class differences in slopes and intercepts (see Frankfurt,
Frazier, Syed, & Jung, 2016).
Missing data. A total of 868 children (9%) had missing data
on at least one of the predictor variables, although this missingness
was much lower for any one predictor (between 0 and 4.7%).
Given that GBTM uses maximum likelihood estimation, it generates unbiased parameter estimates in the presence of missing data
as long as the missing data are missing at random (Nagin &
Odgers, 2010). There was a small negative correlation (⫺.02, p ⫽
.05) between being a refugee (vs. immigrant) and having missing
data. However, having missing data was not associated with any
statistically significant differences in the outcome variables (literacy or numeracy scores at Grade 4, 7, or 10). Given this we can
proceed with reasonable confidence that our data are missing at
random (MAR) with minimal impact on the study estimates
(Nagin & Odgers, 2010; Schafer & Graham, 2002).
Trajectory model selection. We modeled trajectories of numeracy and literacy scores, based upon three time points (scores in
Grade 4, Grade 7, and Grade 10). The number of groups and shape
of each trajectory group were determined based upon a stepwise
process that involved sequentially modeling unconditional models
for two to eight trajectory groups. As recommended by Nagin
(2005), multiple factors were weighed in the balance in determining the optimal number of trajectory groups: (a) Bayesian information criterion (BIC) values, Akaike’s information criterion
(AIC), and the likelihood (L) of the model were examined for each
model (see Appendix B). While goodness-of-fit indicators offer
important information, they should not be solely used to make
decisions about model selection, particularly in studies with large
samples where there is a risk of overextracting classes (Klijn,
Weijenberg, Lemmens, van den Brandt, & Lima Passos, 2017). (b)
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We also considered average posterior probability values, which
provided an indication of the likelihood that individuals belong in
their assigned trajectory group. Higher average posterior probability values are associated with better model fit (we utilized the
recommended cut-off of 0.7, Klijn et al., 2017; Nagin, 2005). (c)
Finally, we applied a 1% minimum threshold whereby no less than
1% of the sample could be assigned to the smallest group. The 1%
cut-off is not only recommended and commonly used in GBTM
class enumeration (Klijn et al., 2017), but it was required to ensure
that there was adequate statistical power to answer the research
questions (in the current study, eight predictor variables requires a
sample of at least 107, assuming medium effect sizes at power ⫽
.80 and ␣ ⱕ .05; Cohen, 1992). In all, the decision about the
optimal number of trajectory groups considered all three factors—
such that we ultimately selected the group showing the most
optimal goodness-of-fit while also meeting our requirement of an
average posterior probability value of at least 0.7, and the smallest
group containing no less than 1% of the population. See Appendix
B for the information used to make these decisions. After deciding
on the optimal number of trajectory groups, we ran models in a
stepwise fashion to determine the shape of each group’s trajectory
(i.e., the order of each polynomial equation). The polynomial order
of each trajectory group was ultimately determined based upon
optimized BIC scores.
Predicting group membership. The unconditional model
was subsequently expanded to include the individual predictor
variables, allowing us to estimate the association between the
predictors and trajectory group membership, jointly with the estimation of the trajectories themselves. This process used the multinomial logit function (given we identified multiple trajectory
groups) to determine the statistical association between each predictor and the likelihood of membership in each trajectory group.
For each model, the trajectory group that was closest to average
(i.e., a standardized score of 0) and largest was selected as the
reference group. The individual predictor variables included were
literacy and numeracy at kindergarten, social-emotional competencies at kindergarten as well as interaction terms (Literacy ⫻
Numeracy, Literacy ⫻ Socioemotional, Numeracy ⫻ Socioemotional) although only significant interaction terms were retained in
the final models. The following sociodemographic variables were
also included: sex, ELL status, neighborhood socioeconomic status, generation status (first vs. second generation), migration status
(refugee vs. immigrant).

Results
Descriptive Results
Standardized scores at kindergarten for the study cohort (i.e.,
immigrant and refugee children) were close to the standardized
mean of 0, indicating that they were consistent with scores in the
overall population. Literacy and numeracy mean scores in later
grades were generally higher for the study cohort than for the
overall population (see Appendix A).

Grades 4 to 10 Literacy and Numeracy Trajectories
for Immigrant and Refugee Children
Trajectory models with six groups were selected for both literacy and numeracy after fitting models ranging from two to eight
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groups. Based upon the trajectory group selection process outlined
in the Methods section, we selected six group literacy and numeracy models because they optimized goodness-of-fit scores
while also meeting our two additional criteria: The six group
literacy and numeracy models retained average posterior probability values above 0.7 (0.79 and 0.73, respectively). Indeed, a value
of 0.73 is approaching the cut-off but we note that the two
numeracy groups responsible for this lower score cross paths and
sit close to the average line. Nevertheless, they represent theoretically important nuance (average-improving vs. average-declining)
and therefore we felt it important that they be retained. The six
group models both retained sufficient group sample sizes capturing
at least 1% of the population (n ⫽ 150 and n ⫽ 550, respectively).
See Appendix B for the information used to make these decisions.
Figures 1 and 2 illustrate the shape of the six trajectory groups
identified for literacy and numeracy, respectively.
Literacy trajectory groups. As seen in Figure 1, the Consistently Highest group (linear estimate; B ⫽ 0.04, SE ⫽ 0.02, p ⫽
.02) is characterized by the highest literacy achievement from
Grade 4 to Grade 10. The Consistently Above Average group has
consistently above average literacy achievement over time (linear
estimate; B ⫽ 0.03, SE ⫽ 0.01, p ⫽ .05). The Just Below Average
group (intercept only; B ⫽ ⫺0.29, SE ⫽ 0.03, p ⬍ .001) represents
literacy achievement just below the population-based average from
Grade 4 to Grade 10. The Low-Extreme Improving group is
characterized by very low literacy scores at Grade 4 but with
trajectories that sharply increase to above average by Grade 10
(linear estimate; B ⫽ 1.76, SE ⫽ 0.05, p ⬍ .001). The LowModerate improving group represents literacy scores that start low
and show some indication of improvement over time but scores
remain below average by Grade 10 (linear estimate; B ⫽ 0.84,
SE ⫽ 0.05, p ⬍ .001). Finally, the Low-Declining group is
characterized by scores that start below the population-based average and continue to fall to Grade 10 (linear estimate; B ⫽ ⫺0.51,
SE ⫽ 0.04, p ⬍ .001).
Numeracy trajectory groups. As seen in Figure 2, the Consistently Highest group (linear estimate; B ⫽ ⫺0.16, SE ⫽ 0.02,
p ⬍ .001) is characterized by a slight decline in numeracy scores
from Grade 4 to Grade 10 while nevertheless retaining the highest
numeracy scores over time. The Above Average-Improving group
has scores above the population-based average and slightly increasing numeracy achievement over time (linear estimate; B ⫽
0.19, SE ⫽ 0.02, p ⬍ .001). The Average-Improving group (linear
estimate; B ⫽ 0.44, SE ⫽ 0.02, p ⬍ .001) represents numeracy
scores that are below the population-based average in Grade 4 but
that improve to above average by Grade 10. In contrast, an
Average-Declining group is characterized by numeracy scores that
are above the population-based average at Grade 4 but that decline
to below average by Grade 10 (linear estimate; B ⫽ ⫺0.45, SE ⫽
0.03, p ⬍ .001). The “Below Average” group represents numeracy
scores that are below the population-based average from Grade 4
to Grade 10 but show slight improvement over time (linear estimate; B ⫽ 0.12, SE ⫽ 0.03, p ⬍ .001). Finally, the LowestDeclining group is characterized by scores that start below the
population-based average and continue to fall through to Grade 10
(linear estimate; B ⫽ ⫺0.20, SE ⫽ 0.03, p ⬍ .001).
Trajectory group characteristics. Based upon the probabilistic assignment of individuals to the literacy and numeracy
trajectory groups, descriptive statistics were generated to de-
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Figure 1. The six group Grade 4 to 10 literacy trajectory model. Grade 4, 7, and 10 values represent observed
mean scores for each trajectory group. Percentages represent the estimated proportion of the study population
belonging to each trajectory.

scribe the characteristics of each group. Table 1 shows the
demographic composition (sex, ELL, SES), migration-related
characteristics (generation status, migration class), and average
EDI scores in kindergarten for each group.

Predicting Trajectory Group Membership
Table 2 shows the results for the conditional group-based trajectory
models—and the extent to which membership in the literacy and

numeracy group can be predicted by literacy at kindergarten, numeracy at kindergarten, social-emotional competence at kindergarten,
as well as sex, ELL status, neighborhood socioeconomic status, generation status (first vs. second generation), migration status (refugee
vs. immigrant). All group membership likelihood estimates are in
relation to the average reference groups. In the case of literacy, the
reference group was the Just Below Average group. In the case of
numeracy, the reference group was the Average-Improving group.

Figure 2. The six group Grade 4 to 10 numeracy trajectory model. Grade 4, 7, and 10 values represent observed
mean scores for each trajectory group. Percentages represent the estimated proportion of the study population
belonging to each trajectory.
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Table 1
Literacy and Numeracy Trajectory Group Profiles Describing the Characteristics of the Group Members
Literacy trajectory groups
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Variables
Demographics
Female
ELL
SES quintile
Generation status
First generation
Second generation
Migration class
Immigrant
Refugee
EDI scores at Ka
Literacy
Numeracy
Socio-emo

LowDeclining

LowModerate
Improving

LowExtreme
Improving

Just Below
Average

Consistently
Above
Average

Consistently
Highest

Total Study
Population

(n ⫽ 245)

(n ⫽ 361)

(n ⫽ 150)

(n ⫽ 2,093)

(n ⫽ 4,051)

(n ⫽ 2,316)

(n ⫽ 9,216)

30.2%
81.8%
2.07 (1.15)

37.4%
75.5%
2.18 (1.24)

48.0%
70.5%
2.18 (1.24)

37.6%
73.2%
2.25 (1.22)

48.3%
68.8%
2.32 (1.29)

59.0%
64.5%
2.50 (1.36)

47.6%
68.3%
2.33 (1.29)

13.9%
86.1%

21.1%
78.9%

36.0%
64.0%

17.5%
82.5%

24.7%
75.3%

36.5%
63.5%

25.8%
74.2%

83.1%
16.9%

81.6%
18.4%

89.9%
10.1%

82.0%
18.0%

87.1%
12.9%

93.9%
6.1%

86.3%
12.5%

⫺0.75 (0.87)
⫺1.10 (1.71)
⫺0.83 (1.18)

⫺0.66 (0.96)
⫺1.04 (1.76)
⫺0.69 (1.16)

0.06 (0.91)
0.01 (0.66)
⫺0.11 (1.09)

⫺0.37 (0.94)
⫺0.45 (1.40)
⫺0.36 (1.07)

⫺0.02 (0.95)
0.001 (0.98)
⫺0.03 (0.95)

0.44 (0.93)
0.25 (0.58)
0.20 (0.87)

⫺0.03 (1.00)
⫺0.11 (1.13)
⫺0.10 (1.01)

Numeracy trajectory groups

Variables
Demographics
Female
ELL
SES quintile
Generation status
First generation
Second generation
Migration class
Immigrant
Refugee
EDI scores at Ka
Numeracy
Literacy
Socio-emo

LowestDeclining

Below
Average

AverageDeclining

AverageImproving

Above
AverageImproving

ConsistentlyHighest

Total study
population

(n ⫽ 550)

(n ⫽ 2,387)

(n ⫽ 595)

(n ⫽ 2,193)

(n ⫽ 2,336)

(n ⫽ 1,155)

(n ⫽ 9,216)

52.8%
71.8%
2.36 (1.27)

49.2%
71.1%
2.41 (1.34)

40.3%
69.9%
2.40 (1.35)

47.6%
68.3%
2.33 (1.29)

45.3%
71.4%
2.08 (1.15)

47.3%
67.6%
2.24 (1.22)

40.2%
57.6%
2.45 (1.33)

18.4%
81.6%

18.5%
81.5%

20.2%
79.8%

23.8%
76.2%

31.0%
69.0%

40.3%
56.7%

25.8%
74.2%

78.4%
21.6%

80.8%
19.2%

86.1%
13.9%

88.3%
11.7%

91.8%
8.2%

95.3%
4.7%

86.3%
12.5%

⫺1.00 (1.71)
⫺0.63 (0.95)
⫺0.52 (1.06)

⫺0.43 (1.41)
⫺0.38 (0.94)
⫺0.28 (1.08)

0.03 (0.90)
⫺0.01 (0.95)
⫺0.04 (1.01)

⫺0.06 (1.04)
⫺0.07 (0.96)
⫺0.06 (0.97)

0.16 (0.74)
0.21 (0.96)
0.05 (0.95)

0.27 (0.54)
0.55 (0.89)
0.10 (0.94)

⫺0.03 (1.00)
⫺0.11 (1.13)
⫺0.10 (1.01)

Note. Group membership is assigned probabilistically based upon the maximum-probability assignment rule (Nagin, 2005). Assignments are based upon
the unconditional models.
a
All EDI mean scores are standardized based upon the general population (see Method).

Literacy at kindergarten. Literacy at kindergarten was found
to be a significant predictor of both literacy and numeracy trajectory group membership. It was associated with an increased likelihood of membership in the highest literacy and numeracy groups
as well as being associated with the decreased likelihood of membership in the lowest literacy and numeracy groups.
Numeracy at kindergarten. High numeracy scores at kindergarten were associated with a greater likelihood of being in the
highest numeracy trajectory group as well as with lower odds of
belonging in the lowest numeracy trajectory groups. Numeracy
also consistently predicted membership in all literacy trajectory
groups: Numeracy skills at kindergarten were associated with a
greater likelihood of membership in the higher literacy trajectory
groups and these relationships were strengthened by the presence
of higher literacy at kindergarten. Furthermore, higher numeracy
was associated with a lower likelihood of membership in the lower
literacy groups.

Social-emotional competencies at kindergarten. Socialemotional competence at kindergarten was consistently negatively
associated with membership in the Lowest-Declining groups (literacy and numeracy). Furthermore, for literacy groups, socialemotional competence was positively associated with membership
in the Consistently Above Average group and negatively associated with membership in the Low-Moderate Improving group.
Literacy, numeracy, and social-emotional competence
interactions. A Significant Literacy ⫻ Numeracy interaction
term emerged as predictive of membership in the Consistently
Highest literacy and numeracy groups. In both cases, the interaction terms magnified the coefficients, indicating that the likelihood
of belonging to the Consistently Highest group was strengthened
further in the presence of both high numeracy and literacy at
kindergarten. To illustrate these relationships Figures 3 and 4 show
the probabilities of membership in the Consistently Highest groups
for children based upon literacy and numeracy at kindergarten.
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Table 2
Statistically Predicting Literacy and Numeracy Trajectory Group Membership Based Upon Sociodemographic Factors and
Kindergarten Competencies
Literacy trajectory groups
Low-Moderate
Improving

Low-Declining
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Variables
Female
ELL
SES
First generation
Refugee
Soc-emo
K literacy
K numeracy
Lit ⫻ Num

B (SE)

a

OR
ⴱⴱ

⫺0.43 (.14)
0.01 (.01)
⫺0.16 (.07)ⴱ
⫺0.70 (.19)ⴱⴱⴱ
0.26 (.16)
⫺0.18 (.07)ⴱⴱ
⫺0.27 (.08)ⴱⴱ
⫺0.23 (.08)ⴱⴱ
⫺0.01 (.06)

0.65
1.01
0.85
0.50
1.30
0.84
0.76
0.79
0.99

B (SE)

a

Low-Extreme
Improving
OR

⫺0.27 (.16)
0.01 (.01)
⫺0.03 (.08)
⫺0.28 (.19)
⫺0.02 (.20)
⫺0.23 (.07)ⴱⴱⴱ
⫺0.35 (.10)ⴱⴱⴱ
⫺0.22 (.09)ⴱ
0.03 (.06)

0.76
1.01
0.97
0.76
0.98
0.79
0.70
0.80
1.03

B (SE)

a

Consistently Above
Average
OR

ⴱ

0.46 (.19)
⫺0.26 (.19)
⫺0.04 (.10)
1.27 (.20)ⴱⴱⴱ
⫺0.56 (.34)
0.04 (.12)
0.43 (.12)ⴱⴱⴱ
0.39 (.19)ⴱ
0.16 (.15)

1.58
0.77
0.96
3.56
0.57
1.04
1.54
1.48
1.17

B (SE)

a

OR
ⴱⴱⴱ

0.42 (.09)
0.01 (.004)
0.08 (.04)
0.77 (.10)ⴱⴱⴱ
⫺0.58 (.14)ⴱⴱⴱ
0.20 (.05)ⴱⴱⴱ
0.20 (.06)ⴱⴱⴱ
0.59 (.09)ⴱⴱⴱ
0.11 (.08)

1.52
1.01
1.08
2.16
0.56
1.22
1.22
1.80
1.12

Consistently Highest
B (SE)a

OR
ⴱⴱⴱ

0.95 (.11)
⫺0.20 (.10)
0.13 (.05)ⴱⴱ
1.52 (.11)ⴱⴱⴱ
⫺1.26 (.22)ⴱⴱⴱ
0.08 (.07)
1.04 (.13)ⴱⴱⴱ
0.75 (.15)ⴱⴱⴱ
0.55 (.10)ⴱⴱⴱ

2.59
0.82
1.14
4.57
0.28
1.08
2.83
2.12
1.73

Numeracy trajectory groups
Lowest-Declining
Variables
Female
ELL
SES
First generation
Refugee
Soc-emo
K literacy
K numeracy
Lit ⫻ Num
Soc-E ⫻ Num

a

B (SE)

⫺0.13 (.15)
⫺0.75 (.15)ⴱⴱⴱ
⫺0.24 (.08)ⴱⴱ
⫺0.56 (.18)ⴱⴱ
0.82 (.18)ⴱⴱⴱ
⫺0.26 (.08)ⴱⴱ
⫺0.33 (.09)ⴱⴱⴱ
⫺0.58 (.10)ⴱⴱⴱ
⫺0.02 (.07)
⫺0.10 (.05)ⴱ

OR
0.88
0.47
0.79
0.57
2.27
0.77
0.72
0.56
0.98
0.90

Below Average
B (SE)

a

OR
ⴱⴱ

⫺0.33 (.11)
0.005 (.01)
⫺0.06 (.05)
⫺0.59 (.13)ⴱⴱⴱ
0.72 (.16)ⴱⴱⴱ
⫺0.05 (.06)
⫺0.16 (.06)ⴱ
⫺0.36 (.09)ⴱⴱⴱ
⫺0.13 (.07)
0.02 (.05)

0.72
1.01
0.94
0.55
2.05
0.95
0.85
0.70
0.88
1.02

Average-Declining
B (SE)

a

OR
ⴱⴱⴱ

⫺1.10 (.15)
⫺0.89 (.12)ⴱⴱⴱ
0.05 (.07)
⫺0.29 (.18)
0.37 (.21)
0.03 (.08)
0.16 (.08)ⴱ
⫺0.07 (.14)
⫺0.27 (.11)ⴱ
0.15 (.08)ⴱ

0.33
0.41
1.05
0.75
1.45
1.03
1.17
0.93
0.76
1.16

Above AverageImproving
B (SE)

a

OR
ⴱⴱⴱ

⫺0.36 (.11)
⫺0.003(.01)
0.03 (.05)
0.40 (.11)ⴱⴱⴱ
⫺0.34 (.18)
0.02 (.06)
0.32 (.06)ⴱⴱⴱ
0.17 (.10)
⫺0.05 (.10)
0.08 (.06)

0.70
0.99
1.03
1.49
0.71
1.02
1.38
1.19
0.95
1.08

Consistently Highest
B (SE)a

OR
ⴱⴱⴱ

⫺1.03 (.11)
0.002 (.01)
0.002 (.05)
0.92 (.11)ⴱⴱⴱ
⫺0.67 (.22)ⴱⴱ
⫺0.05 (.06)
0.85 (.08)ⴱⴱⴱ
0.57 (.15)ⴱⴱⴱ
0.33 (.12)ⴱⴱ
0.06 (.07)

0.36
1.00
1.00
2.51
0.51
0.95
2.34
1.77
1.39
1.06

Note. Females were coded as 1 (males 0). Estimates are multinomial logit-based. The reference group in the literacy model is the Just Below Average
group. The reference group in the numeracy model is the Average-Improving group. Soc-emo ⫽ social-emotional competence measured at kindergarten;
Lit ⫻ Num ⫽ K literacy K numeracy interaction term; Soc-E ⫻ Num ⫽ Soc-emo ⫻ K numeracy interaction term.
aⴱ
p ⬍ .05. ⴱⴱ p ⬍ .01. ⴱⴱⴱ p ⬍ .001.

Similarly, a significant Social-Emotional ⫻ Numeracy interaction
term was found to increase the strength in the prediction of
membership in the Lowest-Declining numeracy group: Combined
low numeracy and low social-emotional competencies in kindergarten magnified the predictive power of the two variables separately (see Figure 5).
For the Average-Declining numeracy trajectory, a Significant
Literacy ⫻ Numeracy interaction (illustrated in Figure 6) suggested that children with high literacy and numeracy at kindergarten had the lowest likelihood of being in the AverageDeclining group whereas children with high literacy but low
numeracy at kindergarten had the greatest likelihood of being in
this group (vs. the Average-Improving). Notably, confidence in
this relationship is only apparent at two standard deviations
above and below the mean (confidence intervals overlap when
plotted at one standard deviation above and below the mean).
Indeed, the Social-Emotional ⫻ Numeracy interaction had completely overlapping confidence intervals (figure not shown),
even when the relationship was plotted for two standard deviations above and below the mean and as such, we cannot
interpret the interaction with confidence.
Sociodemographic factors. Females had a lower likelihood
of membership in all numeracy trajectory groups in comparison to

the average numeracy group with the exception of the LowestDeclining group. In the case of literacy, females had a greater
likelihood of membership in the two highest literacy trajectory
groups and the Low-Extreme Improving group, while having a
decreased likelihood of membership in the Lowest-Declining
group (in comparison to the average reference group). ELL status
was associated with a lower likelihood of belonging in the declining numeracy groups (i.e., the Lowest-Declining and the AverageDeclining). By contrast, ELL status did not have a significant
association with literacy group membership. SES was found to be
positively associated with a higher likelihood of membership in the
Consistently Highest literacy trajectory group as well as a decreased likelihood of membership in the Lowest-Declining groups
for both literacy and numeracy. Children who were first-generation
Canadian (vs. second-generation) were significantly more likely to
belong to the highest literacy and numeracy trajectory groups.
They were also less likely to belong to the lowest literacy and
numeracy trajectory groups (see Table 2). Refugee children had a
significantly lower likelihood of membership in the highest two
literacy trajectory groups than immigrant children. Refugee children were also significantly less likely to be members of the
highest numeracy group and more likely to be in the Lowest-
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Figure 3. Probabilities of membership in the Consistently Highest literacy
trajectory group, based on literacy and numeracy competencies at kindergarten. Low ⫽ 1 standard deviation below the mean. High ⫽ 1 standard deviation
above the mean. Lit ⫽ literacy; Num ⫽ numeracy. ⴱ Base ⫽ Probability of
membership based upon intercept (i.e., without accounting for numeracy and
social-emotional competence at kindergarten).

Declining and Below Average numeracy groups than immigrant
children.

Discussion
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Figure 4. Probabilities of membership in the Consistently Highest numeracy
trajectory group, based on literacy and numeracy competencies at kindergarten. Low ⫽ 1 standard deviation below the mean. High ⫽ 1 standard deviation
above the mean. Lit ⫽ literacy; Num ⫽ numeracy. ⴱ Base ⫽ Probability of
membership based upon intercept (i.e., without accounting for numeracy and
social-emotional competence at kindergarten).

has emerged frequently in studies of immigrant children and
adolescents, particularly in Canada and the U.S. (Gagné et al.,
2019; Han, 2008; Suárez-Orozco et al., 2010; Szalacha et al.,
2005).
Teacher-rated literacy and numeracy competencies in kindergarten emerged as strong predictors of later thriving (Grade 4 to
Grade 10 literacy and numeracy achievement). High literacy skills

The present study examined the diversity of the academic pathways of immigrant and refugee children from early childhood
through to adolescence. By utilizing a population-based approach
and an analytical methodology that allowed us to capture heterogeneity in the Grade 4 to Grade 10 academic trajectories, we were
able to identify that immigrant and refugee children had a range of
academic achievement trajectories from Grade 4 to Grade 10 —
some children thriving, some catching up, and some falling behind
over time. The study also identified which immigrant and refugee
children would be more likely to follow each trajectory based upon
a number of sociodemographic factors, and how their literacy,
numeracy and social-emotional competencies in kindergarten
played a significant and sometimes interacting role in predicting
their Grade 4 to Grade 10 academic trajectories.

Thriving
Over 30% of the immigrant and refugee cohort (over 60% in the
case of literacy) had trajectories that could be characterized as
academically thriving—that is, they performed above average or
consistently high in comparison to the average in the general
population in literacy and numeracy from Grade 4 to Grade 10. We
did expect to find that a considerable proportion of immigrant and
refugee children would perform academically above average in
comparison to the general population given that it is a pattern that

Figure 5. Probabilities of membership in the Lowest-Declining numeracy trajectory group, based on numeracy and social-emotional competencies at kindergarten. Low ⫽ 1 standard deviation below the mean.
High ⫽ 1 standard deviation above the mean. Num ⫽ numeracy. Socemo ⫽ social-emotional. ⴱ Base ⫽ Probability of membership based upon
intercept (i.e., without accounting for numeracy and social-emotional competence at kindergarten).
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Figure 6. The interaction between literacy and numeracy competencies in
kindergarten in their prediction of membership in the average-declining
numeracy trajectory group (vs. the average-improving trajectory group).
Low and high values represent two standard deviations above the mean
(confidence intervals overlap at 1 standard deviation above and below the
mean). Gray lines represent 95% confidence intervals using a parametric
bootstrap approach (as outlined in Nagin, 2005).

predicted later literacy thriving and high numeracy skills predicted
later thriving in numeracy. This was expected and consistent with
previous studies in the general population in several countries that
have found early academic skills to be strong predictors of later
outcomes (Brinkman et al., 2013; Claessens & Engel, 2013; Davies et al., 2016; Duncan et al., 2007; La Paro & Pianta, 2000). It
should be underscored that although literacy skills in kindergarten
predicted later academic thriving for immigrant and refugee children, ELL status did not, suggesting an important distinction
between language minority status and English language competency in kindergarten. This finding is in keeping with previous
research that has found language minority learners who enter
kindergarten with oral English proficiency follow literacy trajectories (up to Grade 5) that are similar to their native Englishspeaking peers. However, language minority learners with limited
English proficiency in kindergarten had diverging literacy achievement trajectories resulting in substantial gaps in achievement by
the fifth grade (Kieffer, 2008). There are many known factors
associated with the early English language development of ELL
students, including first language, maternal education level and the
richness of children’s English environment outside of school
(Paradis, 2011, 2016). Utilizing this knowledge to bolster the
English language development of all ELL students prior to kindergarten could have important, long-term implications given the
results identified in the current study.
Literacy and numeracy skills in kindergarten were also strong
predictors of thriving across domains: High kindergarten numeracy predicted later thriving in the literacy domain and high
kindergarten literacy predicted later thriving in the numeracy domain. Furthermore, significant interaction terms revealed that the
combination of both high literacy and numeracy at kindergarten
was associated with a far greater probability of membership in the
highest groups than having high literacy or numeracy alone. These
findings illustrate that early literacy and numeracy competencies
do not act in isolation but work together. For example, children’s
storybook reading has been found to engage children regularly and
meaningfully in mathematical talk (Anderson, Anderson, & Sha-

piro, 2005) and children’s literature has been associated with
greater interest and achievement in mathematics (Jennings, Jennings, Richey, & Dixon-Krauss, 1992). Extending this, the current
study suggests that early literacy and numeracy competencies not
only build upon each other in early childhood but they are associated with higher literacy and numeracy achievement over the
long term.
Importantly, immigrant and refugee children in the study were
not all equally likely to belong to a thriving group. First-generation
Canadian children were more likely to be thriving (i.e., to belong
to the above average or consistently highest trajectory groups) than
second-generation Canadian children. This is consistent with a
good deal of research evidence to suggest that first-generation
children tend to academically outperform their second-generation
counterparts (Marks, Ejesi, & García Coll, 2014). The finding
highlights that the more time spent in the country of arrival does
not necessarily translate to better outcomes. The precise mechanism to explain this still requires further investigation. The process
of acculturation itself, which may involve a distancing from one’s
heritage culture has been associated with detrimental outcomes
(Harker, 2001; Hwang & Wood, 2009). This could help to explain
why second-generation children, who are likely to be more acculturated than their first-generation peers, are less likely to be academically thriving. The pronounced difference is however noteworthy given that the first-generation children included in the
present study were necessarily here by age 5. Given that on
average first-generation children in the current study had only
spent 2 years less in Canada than their second-generation peers, it
is surprising we would observe such a consistent and strong
predictive association and it represents an important area for
further investigation.
Refugee children were also consistently less likely to be in
the thriving groups than immigrant children even after accounting for neighborhood SES, literacy, numeracy, and socialemotional competencies at kindergarten. Our findings imply
that the gaps in the educational outcomes between immigrant
and refugee children persist even after accounting for key
sociodemographic factors, as well as academic and socialemotional competencies upon school entry. By the very nature
of their migration status, refugee children and their families
may have faced severe hardships, including experiences of
persecution, violence, and loss of loved ones in addition to gaps
in education and other social disadvantages (Stewart, 2011).
The ways in which we may close achievement gaps will require
a more in-depth investigation into the specific needs of refugee
children. The study results suggest that to address this effectively, early supports will likely need to address needs that are
beyond the development of basic kindergarten competencies.
Immigrant and refugee females were more likely to be in the
thriving groups for literacy, whereas males were more likely to
be in the numeracy thriving groups. Previous studies focused on
young immigrants and refugees have found that females tend to
academically outperform males (Gagné et al., 2019; Kao &
Tienda, 1995; Suárez-Orozco et al., 2010). Indeed, the malefemale discrepancy in literacy and numeracy achievement
found in the current study is also often found in general populations (Buchmann, DiPrete, & McDaniel, 2008) but it raises
the question of whether the prevalence and strength of this
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pattern differs for immigrant and refugee children and this
would be an important point for future research.
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Catching Up
Patterns of catching up were observed in the literacy and numeracy models. The average-improving numeracy group represented over one fifth of the study cohort of immigrant and refugee
children. In the case of literacy, a pattern of extreme catching up
was identified (the low-extreme improving group). A lowmoderate improving literacy group was also identified, representing children who improved over time but remained below average
in Grade 10. Fewer immigrant and refugee children in the study
followed a pattern of catching up in the literacy domain—just over
5% in total. The reason why so few children showed patterns of
catching up in literacy is unclear. Language skills are important for
academic achievement (García-Vázquez, Vázquez, López, &
Ward, 1997; Suárez-Orozco, Rhodes, & Milburn, 2009) and there
is evidence to indicate that immigrant children overall tend to have
more growth in language skills than their nonimmigrant peers
(Leventhal et al., 2006). One possibility is that greater emphasis in
schools is placed on bolstering the English language skills of
immigrant and refugee children early on and because of this, any
rapid improvements or catch up effects would occur prior to Grade
4 (the first time point measured in the study trajectories). Indeed,
the fact that the immigrant and refugee children were found to
have literacy skills that were on par with the population mean by
Grade 4 offers support for this hypothesis.
Nevertheless, the catching up trajectories observed in the current
study were associated with several factors. Higher literacy and
numeracy skills at kindergarten were significantly predictive of
being in the low-extreme improving literacy group. This offers an
indication that a sufficient foundational competency level in kindergarten may be required to improve in an extreme way. This is
further supported by considering the low-moderate improving literacy group who improved at a much slower rate and were still
below the population average by Grade 10 —in contrast with the
extreme improving group, membership in this group was predicted
by lower literacy and numeracy levels at kindergarten. Together,
these findings suggest that improving is possible, regardless of
competency level in kindergarten; however, our study findings
suggest that levels at kindergarten are predictive of the degree of
the improvement by Grade 10.
Similar to the thriving groups, first-generation Canadian children (vs. second-generation children) were also more likely to
belong to the catching up groups (i.e., the average-improving
numeracy and the low-extreme improving literacy) in comparison
to the average groups. First-generation children may be in a better
position to improve academically over time because, seen as a
critical strategy for adapting in a new country, their families tend
to place a high value on academic success, including the attitudes
and behaviours associated with academic achievement (Fuligni,
1997, 1998). It is also possible that more extensive supports are in
place within the school as well as at home for children who are
newer to Canada (e.g., welcome programs), which may bolster
their ability to improve at a faster rate than children who are
second-generation Canadian.
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Falling Behind
We observed children falling behind in several different ways in
the current study. A small proportion of children started off low
and continued to decline academically through to Grade 10 (i.e.,
the low-declining literacy and lowest-declining numeracy groups).
Some children started just above average and declined to below
average (i.e., the average-declining numeracy group). Each of
these declining groups represented less than 10% of the study
population. Around one quarter of children were consistently
lower than average in literacy and numeracy, respectively (i.e., the
just below average literacy group and the below average numeracy
group).
As expected, lower literacy, numeracy, and social-emotional
competencies in kindergarten were all consistently associated
with a greater likelihood of belonging to the lowest-declining
groups. Notably, while low social-emotional competence
emerged as consistently predictive of negative trajectories,
higher social-emotional competence was generally not a significant predictor of positive (i.e., thriving or catching up) trajectories (with one exception). This finding highlights the strength
of adopting analytic techniques that are not only able to capture
heterogeneity in outcomes but also in the predictors of outcomes. In the case of numeracy, the role of social-emotional
functioning as a vulnerability factor was further magnified
through a significant interaction, which illustrated that for children with lower numeracy skills in kindergarten, the likelihood
of belonging to the lowest-declining numeracy group was
higher if children also had low social-emotional competencies
in kindergarten. These findings re-assert that building developmental competencies holistically across multiple domains (including noncognitive domains) is important for fostering later
academic achievement (Caprara et al., 2000; Davies et al.,
2016; Diamond, 2010). Early social-emotional competence is
thought to impact later academic achievement outcomes by
placing children in a better position to take advantage of their
school learning environments (Entwisle et al., 2005; RimmKaufman & Pianta, 2000). For example, children with stronger
social-emotional competencies at school entry may be better
able to function in an academic setting and therefore benefit
from the academic activities offered in kindergarten (Janus &
Duku, 2007). Indeed, this notion is consistent with the findings
of the present study, suggesting that immigrant and refugee
children who lack social-emotional competencies at school
entry may be more likely to decline academically over time.
The average-declining group offered an opportunity to examine prediction of a more subtle pattern of decline: This group
had close to average numeracy achievement between Grade 4
and 10 but showed slight decline over time. We found that the
association between literacy competence in kindergarten and
membership in the average-declining group was moderated by
kindergarten numeracy levels. More specifically, children with
high literacy and numeracy at kindergarten had the lowest
likelihood of being in the average-declining group (vs. the
average-improving group). However, high literacy in kindergarten along with low numeracy in kindergarten was associated
with the highest likelihood of membership in the averagedeclining group. Although this interaction is difficult to interpret, it may be that the decline we are observing for children
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who have high literacy at kindergarten is a reflection of faster
acculturation. Children who acculturate more quickly and who
have lower numeracy levels in kindergarten may be less likely
to engage academically at school. This would be in line with
previous studies that have observed an association with acculturation and lower achievement over time (García Coll &
Marks, 2012; Marks et al., 2014).
Second-generation children were more likely to belong to the
declining groups than first-generation children. Although this
group was discussed earlier in relation to their lower likelihood
of belonging to the thriving and catching up groups, this finding
is worth added mention because it offers some evidence that
second-generation children are not only regressing to the population mean (i.e., performing more like average Canadian
children), but in fact they have a greater likelihood of declining
over time and performing far lower than the population mean.
Males were also generally more likely to belong to the declining
groups than females, and together with the finding that they
were also more likely to be in the highest numeracy achievement groups, it appears that sex has a complex association with
academic achievement for immigrant and refugee children. We
argue, as have other researchers (Suárez-Orozco et al., 2018),
that sex and gender differences in immigrant and refugee children remain understudied. Given the findings, we argue that
future research needs to place a closer lens on the mechanisms
whereby second-generation, male children seem to be at higher
risk than first-generation, female children for declining academically over time.

The Uniqueness and Heterogeneity of Immigrant and
Refugee Academic Trajectories
For the general population, there have been inconsistent
reports of whether children close the gaps in literacy and
numeracy over time. Some studies have found that early gaps
widen over time whereas other studies found that gaps in
achievement remain constant over time, but most studies report
that any decrease in gaps were slow, mild, or not present at all.
As Shin, Davison, Long, Chan, and Heistad (2013) have noted,
these inconsistent findings are likely due to factors such as
context and sampling differences across studies. The current
study identified groups who were closing the gap (catching up),
widening the gap (falling behind), as well as remaining constant
(thriving). The diversity in the trajectories found in the current
study is likely a reflection of our population-based approach
and the advantage it brings in identifying heterogeneity in
outcomes. Importantly, the trajectories captured in this study
are specific to immigrant and refugee children. By contrast with
studies focused on the general population, the study found
significant evidence for immigrant and refugee children who
were catching up over time (or, closing gaps). Indeed, one of
the key predictors of catching up patterns in the current study
was generation status—first generation children were more
likely to belong to the catching up trajectory groups. This
highlights the utility of studies with a subpopulation focus such
as this one because it contributes to our understanding of the
unique and nuanced patterns and predictors of the long-term
academic trajectories of specific subpopulations, such as immigrant and refugee children.

Intervention Implications
Early care and education programs have been associated with
positive academic (Magnuson, Lahaie, & Waldfogel, 2006) as well
as social-emotional gains (Votruba-Drzal, Coley, Collins, &
Miller, 2015) in immigrant children. Yet, immigrant children have
been found to be less likely to attend early care and education
programs (Magnuson et al., 2006; Miller, Votruba-Drzal, & Coley,
2013). Indeed, the current study findings suggest that investments
made in early education could have a magnified and long-term
impact on the adaptation of immigrant and refugee children. For
those designing early interventions for immigrant and refugee
children, the study results also offer some key considerations.
First, programming targeted toward immigrant and refugee children should go beyond language interventions to ensure they start
school with a full complement of competencies required for kindergarten. Second, the study findings suggest that those requiring
support may not be those who are traditionally targeted in interventions (e.g., second-generation children). Indeed, our findings
suggest that the most effective early interventions will need to go
beyond our traditional conceptualizations of support for immigrant
and refugee children (i.e., focused on bolstering the English language skills of first-generation children) to ensure that all children
are prepared for paths of academic success.

Study Limitations
There are a number of study design limitations to highlight.
First, children’s developmental competencies were measured via
teacher ratings. While teacher observations and ratings, especially
for children as young as 5– 6 years, have been found to be highly
reliable and strongly correlated with parent and direct assessments
(Janus & Offord, 2007), having multiple sources of data on children’s developmental status would have enriched our analyses.
Second, although the study accounted for a range of key sociodemographic factors, it did not account for cultural background
factors such as ethnicity or ethnic identity. Having the ability to
understand how cultural factors contributed to the academic trajectory models, independently or in combination with other early
social inequities, would have added important insight to the findings. Third, although the study’s statistical design was chosen for
its strength in identifying and examining variations in academic
trajectories, it should be underscored that the process of identifying
the optimal number of trajectory groups involves subjectivity and
that the groups are formed on the basis of probabilities and do not
represent literally distinct subpopulations. Finally, we remind the
reader that the statistical associations found in the current study are
predictive and not causal in nature.

Conclusion
The study highlighted the varying academic trajectories of immigrant and refugee children over the course of childhood and
adolescence and in conclusion, we might most accurately summarize that we found many children to be thriving, some catching
up, and some falling behind. The findings showcased the importance of taking a longitudinal perspective to understanding
the positive adaptation of immigrant and refugee children: As
illustrated in the study, achievement at one point in time does
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not give a complete picture of the adaptation process. Importantly, the study also highlights that immigrant and refugee
children do not all start school on equal footing and these
differences were associated with long-term academic outcomes.
The study also contributes to our understanding of which immigrant and refugee children may be particularly at risk for low
academic achievement upon school entry and most importantly,
over time. Well-designed early interventions that consider the
diverse needs and experiences of immigrant and refugee children will help to ensure that all children who migrate have an
equal chance of academic success over the long-term.
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Appendix A
Study Score Means and Standard Deviations From Kindergarten to Grade 10 for the Study Cohort of Immigrant
and Refugee Children (N ⴝ 9,216)
Kindergarten

Grade 4

Grade 7

Grade 10

Domain

M (SD)

M (SD)

M (SD)

M (SD)

Literacy
Numeracy
Social-emotional

⫺0.03 (1.00)
⫺0.11 (1.13)
⫺0.09 (1.01)

.03 (1.02)
.09 (1.04)
—

.09 (.97)
.08 (1.04)
—

.08 (1.01)
.26 (1.03)
—

Note. Mean scores in this table for the study cohort were first z-standardized based upon the full population mean. Scores
above and below zero indicate scores that are higher and lower than the population mean, respectively.
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Appendix B
Fit Information Used to Decide Optimal Number of Trajectory Groups for the Literacy and Numeracy Models
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Number of
groups
Literacy
2 groups
3 groups
4 groups
5 groups
6 groups
7 groups
8 groups
Numeracy
2 groups
3 groups
4 groups
5 groups
6 groups
7 groups
8 groups

BIC

BIC2

AIC

L

Avg posterior
probability (AvePP)

Smallest
group size

⫺35200.31
⫺34696.24
⫺34165.78
⫺34094.70
ⴚ33970.22
⫺33952.46
⫺33948.65

⫺35203.44
⫺34700.94
⫺34172.05
⫺34102.53
ⴚ33979.62
⫺33963.43
⫺33961.18

⫺35178.93
⫺34664.16
⫺34123.01
⫺34041.23
ⴚ33906.06
⫺33877.61
⫺33863.11

⫺35172.93
⫺34655.16
⫺34111.01
⫺34026.23
ⴚ33888.06
⫺33856.61
⫺33839.11

.88
.84
.86
.81
.79
.78
.73

4049
991
433
196
150
85
90

⫺32954.50
⫺32063.14
⫺31866.63
⫺31711.45
ⴚ31650.33
⫺31600.38
⫺31602.96

⫺32957.51
⫺32067.64
⫺31872.63
⫺31718.96
ⴚ31659.34
⫺31610.89
⫺31614.96

⫺32933.12
⫺32031.06
⫺31823.86
⫺31657.99
ⴚ31586.18
⫺31525.54
⫺31497.39

⫺32927.12
⫺32022.06
⫺31811.86
⫺31642.99
ⴚ31568.18
⫺31504.54
⫺31493.42

.93
.86
.80
.77
.73
.74
.69

4063
2315
1317
473
550
52
51

Note. Values reflect the unconditional models (i.e., prior to including predictor variables). Bold values represent the final
selected models. In all cases, the BIC scores reflect the use of linear polynomial terms. BIC ⫽ Bayesian information
criterion; AIC ⫽ Akaike’s information criterion; L ⫽ likelihood of the model.
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