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Abstract

Downward trends in Ontario’s math achievement have raised concerns about the need for
effective identification of students struggling to meet math achievement standards. This
study identified latent profiles from math achievement patterns of students from Grades 3
to 6, examining how specific language and literacy characteristics predicted profile mem-
bership. Participants’ test scores were collected from longitudinal cohort data of provin-
cial math assessments. Latent class analysis identified two achievement pattern profiles:
consistent and declining achievement groups. Subsequent logistic regression analyses
revealed English Language Learners’ (ELL) as likelier to decline in math achievement,

suggesting the need for greater instructional support for ELL students.

Keywords: math achievement patterns, English Language Learners, standardized assess-

ments, test-driven accountability, latent class analysis

Résumé

La tendance a la baisse des résultats en mathématiques en Ontario souléve des inqui¢tudes
quant a la nécessité d’identifier efficacement les €éléves ayant du mal a atteindre les stan-
dards de réussite en mathématiques. Cette é¢tude identifie des profils latents, a partir de
tendances de réussite en mathématiques d’étudiants de troisiéme a sixi¢éme année, en exa-
minant comment des caractéristiques spécifiques de langage et d’alphabétisation prédisent
I’appartenance a un profil. Les données analysées proviennent des résultats longitudinaux
obtenus par les cohortes de participants aux évaluations provinciales en mathématiques.

L analyse des classes latentes a permis d’identifier deux profils de tendance de la réussite

: un groupe dont les résultats sont constants et un autre dont les résultats sont en déclin.
Les analyses de régression logistique ultérieures ont révélé que les apprenants de langue
anglaise (ELL) sont plus susceptibles de voir leurs résultats en mathématiques diminuer, ce

qui laisse présager un besoin de soutien pédagogique plus important pour ces éleves.

Mots-clés : tendances de réussite en mathématiques, apprenants de langue anglaise, évalu-

ations standardisées, responsabilité fondée sur les tests, analyse de classes latentes
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Introduction

The importance of mathematics learning in the elementary grades is widely agreed
upon. Early math performance is a known predictor of later academic success and career
choices (Claessens & Engel, 2013; Duncan et al., 2007; Ritchie & Bates, 2013), and the
predictable nature of above-average numeracy and reading achievement toward careers
in science, technology, engineering, and mathematics is well-substantiated (Holmes et
al., 2018). Globally, math achievement is measured as an indicator of adequate prog-
ress toward educational standards (Loveless, 2007). Similarly, in some Canadian prov-
inces, elementary grades have maintained a heightened focus on math, given what some
describe as a concerning decline in students’ math achievement (Education Quality and
Accountability Office [EQAO], 2017a). A common and widely favoured method for
collecting information regarding students’ patterns of achievement, including in Canada,
is high-stakes standardized assessments that are embedded in wider test-driven systems
of accountability (Anderson et al., 2006). One of the most significant challenges with
such standardized test-driven accountability practices lies in whether or not aggregated
test scores provide useful information about the levels of achievement across diverse
subgroups of students with different learning needs, such as English Language Learners
(ELLSs) or students with exceptionalities.

The concerns around test-driven systems of accountability are of particular im-
mediacy for Ontario educators and other stakeholders who face increases in diversity
in classrooms in many ways and have observed declines in math achievement in the
elementary years. Of yet, however, little empirical evidence has been made available to
account for these math declines. Considering these challenges are arising from a lack of
empirical evidence to substantiate the nature of these serious declines in Ontario’s math
achievement, the purpose of the present study was to examine the characteristics of math
achievement patterns on Ontario’s standardized Education Quality and Accountability Of-
fice (EQAQO) mathematics assessment as students progress from Grade 3 to Grade 6, and
the likelihood of achievement patterns when taking into account students’ home linguistic
backgrounds and literacy achievement levels. Specifically of interest was the patterns of
achievement from Grade 3 to Grade 6 of students typically identified as ELL students.
Given the apparent association between language and math, a primary research question

guiding the present study was: Are the declining math achievement patterns associated
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with students’ linguistic background? This study applied a two-step latent class analysis
(LCA) approach to provincial longitudinal cohort data to support understanding of the
nature of these math achievement patterns and their associations with students’ linguistic

backgrounds.

Language and Literacy in Math Achievement

Previous research has examined various factors influencing math achievement, such as
language proficiency (Abedi & Dietel, 2004), parental math anxiety (Soni & Kumari,
2017), socio-economic status (Merolla, 2017), and gender (Lee et al., 2011), among
others. Research has shown that literacy is an effective and reciprocal predictor of stu-
dents’ math and overall academic achievement (Lerkkanen et al., 2005; Romano et al.,
2010; Zhang et al., 2017). There is well-supported evidence to suggest that early literacy
skills, such as print knowledge and phonological awareness, are closely related to early
math and numeracy skills (Purpura et al., 2011). Similar studies have shown significant
correlation between students’ drawings, an early writing convention, and ability to print
letters of the alphabet, and mathematical sorting in kindergarten (Steffani & Selvester,
2009). Recently, Zhang et al. (2017) investigated the impact of early language abilities

on both formal (e.g., calculations including operations) and informal (e.g., basic number
knowledge) math skills (e.g., Ginsburg & Baroody, 2003; Jordan et al., 2009) and found a
strong predictive relationship between the early language and math skills of children from
kindergarten to Grade 3.

The relationship between literacy and math achievement is particularly relevant to
students receiving instruction in a language they are also still learning. In English edu-
cation programs (English Second Language [ESL] Programs), ESL students with fewer
than three to five years of residence tend to perform worse than their English-proficient
peers in a variety of academic subjects, including math (Abedi, 2002; Dearing et al.,
2016). Studies have demonstrated that for this population of students, math proficiency
is directly related to language proficiency (Vukovic & Lesaux, 2013). Researchers de
Araujo, Roberts, Willey, and Zahner (2018) noted that, from an information-processing
perspective, the influence of language and literacy on math achievement is explained as
the result of higher cognitive-processing loads; that is, students must process the language

in which the math question is asked, as well as simultaneously activate the relevant math
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knowledge to then answer the question. Attempting to balance learning in two subject
areas that interact so closely could presumably result in great difficulty for assessment of
ELL students’ math knowledge.

Test-Driven Accountability

Test-driven accountability systems in education are hardly new (Jang & Ryan, 2003).
Standardized large-scale tests are widely used to provide information for evaluating how
well students and schools perform with reference to a pre-determined set of curricular
expectations. Well-known standardized assessment systems include the Programme for
International Student Assessment (Organisation for Economic Co-operation and Devel-
opment, 2016), the Trends in International Mathematics and Science Study (Provasnik
etal., 2016), and in Canada, Ontario’s EQAO (Jang & Sinclair, 2018 ). Accountability in
these systems refers to who is held accountable for what and to what extent (Lee, 2008;
Wiliam, 2010). The purpose of test-driven accountability has been described as providing
students, teachers, and administrators with incentive to “work harder” and help those at
risk of failure (Jacob, 2005).

Some argue that this purpose has backfired, though, with accountability instead
providing stronger incentives for teachers and schools to focus on those nearer to success-
ful achievement of standards, and thereby pulling attention away from students who are
either less likely to achieve or have surpassed achievement of standards (Neal & Whit-
more Schanzenbach, 2010). Teacher attitudes toward test-driven accountability reflect a
rejection of accountability as a positive incentive. Khalvandi and Chenari (2012) found
that while teachers hold some positive attitudes toward test-driven accountability struc-
tures, they prefer a more comprehensive approach to assessment that includes space for
student feedback and formative assessment, among other features. Wiliam (2010) notes
that the notion of accountability is both interesting and troubling, as the literal definition
of accountability suggests expectations of positive outcomes being placed on someone or
something, as well as proof of actions made toward meeting those expectations. In Ontar-
10, students meeting academic standards on the EQAO assessments could be considered
the positive outcome, with accountability and expectation of meeting those standards
tending to fall on teachers, arguably most especially those of elementary students, as it is

in the elementary grades where much of the decline in math achievement has been found.
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In many cases, and recently in Ontario, teachers’ own ability to teach math and their as-
sessment competency has been questioned (Khalvandi & Chenari, 2012; Ontario Ministry
of Education [OME], 2019).

An additional element contributing to accountability and incentive is the stakes in-
volved in such testing; that is, the consequences attached to performance on tests (Steedle
& Grochowalski, 2017). High-stakes testing focuses less on a minimum competency and
more on a proficiency of skills (Lee, 2008). Low-stakes testing is much less common as
research has shown that when stakes are increased, students’ performance and motivation
to perform increases (Steedle & Grochowalski, 2017; Wise & DeMars, 2005). There are
drawbacks to the use of higher stakes in testing, however; high-stakes testing can increase
students’ experiences of anxiety around certain curricular subjects, and teaching prac-
tices can be skewed toward “teach[ing] to the test” (Giouroukakis & Honigsfeld, 2010;
Shepard, 1990; Steedle & Grochowalski, 2017). Teaching to the test risks only teaching
students how to succeed on the tests themselves, impeding overall academic learning
(Holmstrom & Milgrom, 1991; Neal & Whitmore Schanzenbach, 2010). Questions may
also be raised about whether the results collected from such tests can provide informa-
tion that would be useful in identifying students requiring additional supports, especially
supports that are beyond the scope of overall achievement indicators used at individual

schools and wider school board levels.

Ontario’s Test-Driven Accountability System

Where societies are culturally, ethnically, and linguistically diverse, the complexities

of understanding appropriate academic and assessment needs and techniques for ELL
students calls for consideration of students’ individual characteristics, such as their home
language backgrounds (Jang et al., 2013). In Canada, and particularly Ontario, students
who are still developing English language proficiency experience difficulty closing the
achievement gap in classrooms that include increasingly diverse linguistic populations
but may not provide instructional diversity. The need for consideration of ELL students’
achievement is particularly notable as difficulty meeting math standards is well-docu-
mented in existing literature (DiGisi & Fleming, 2005; Moschkovich, 2015), and over

the last decade the achievement of provincial math standards on the EQAO provincial
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assessment has consistently declined across student bodies, resulting in what has been
unofficially deemed Ontario’s “math problem.”

EQAO assessments take place every spring across Ontario in Grade 3, 6, and 9
classrooms. These assessments target literacy (reading and writing) and math skills. The
EQAO focus on math and literacy performance is unsurprising, as early math achieve-
ment can predict later overall academic achievement (Duncan et al., 2007). Students in
Grades 3 and 6 complete assessments in both literacy and math, while Grade 9 students
receive an assessment of math skills only. In Grade 10, the Ontario Secondary School
Literacy Test (OSSLT) is used to focus exclusively on literacy skills (EQAO, 2017b).
Students spend two weeks between May and June completing tests that closely align with
the provincial curriculum expectations for their respective grades. EQAO has identified
their number one legislative objective as “evaluat[ing] the quality and effectiveness of
elementary and secondary school education” (EQAOQO, 2003, p. 2).

Since EQAOQO’s inception in 1996, trends in meeting academic standards have gen-
erally been positive for each grade. One exception to this trend, however, was found for
math achievement from Grades 3 to 6. As of 2003, EQAO has reported yearly on trends
in student achievement (Figure 1). The most recently published reports have detailed
consistent gains in the percentage of students meeting standards on reading and writing
assessments in Grades 3 and 6 (74% and 81%, and 73% and 79%, respectively). Howev-
er, the opposite trend has persisted for meeting math standards in Grades 3 and 6 (62%
and 50%) (EQAO, 2018). This trend in declining scores, they report, has consistently
been the case over the last six years of assessments. The same drastic decline in scores
over time has not been revealed by results on academic and applied student performance
in Grade 9.
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Figure 1. Trends in meeting or exceeding EQAO math standards from 1998 to 2017.

Spaces represent years in which no assessments were administered (EQAO, 2017a).

In 2016, EQAO publicly declared that in Ontario “half of all grade six students
[are not meeting] the provincial math standard” (EQAO, 2017c, p. 9), yet failed to pro-
vide any details on whether the declining trends are uniform across all student bodies and,
if not, which subgroups are represented in the declining trends. Various remedies to im-
proving teachers’ math competencies have been implemented to “fix the math problem”
with little empirical evidence (EQAO, 2019a; OME, 2019). This study presents a first
attempt at a more nuanced understanding of Ontario’s “math problem.” The purpose of
this study was twofold: first, to uncover any patterns in EQAO math achievement scores
of a cohort of students’ in Grade 3 and Grade 6 . Our research question supporting this
purpose was: What are the trends in patterns of math achievement across two elementary
grades? Research suggests there is a close relationship between math and literacy. Given
the need to characterize Ontario’s achievement patterns, and a diversifying landscape,
this study’s second purpose was to explore the predictive nature of language and literacy
characteristics on math achievement trends. This purpose was supported by the following
research question: Do language and literacy characteristics affect declining EQAO math

achievement patterns?
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Methods

Participants

The participants of this study (N = 123,773) were in a cohort of students in Grades 3 and
6 in the years 2014 and 2017, respectively. These data were made available to the study’s
researchers by EQAO. As a part of the EQAO assessment itself, detailed demographic
information on all students completing the assessment is recorded by the classroom
teacher through a student questionnaire. These questionnaires cover such areas as gender
identification, place of birth, years lived in Canada, years enrolled in the school board
and school at the time of testing, first language, and language spoken at home. Table 1
provides a summary of descriptive statistics for the cohort of students included in analy-
ses. Gender was equally represented, with 50.7% of participants identifying as male, and
49.3% identifying as female. Over half of the students (61.7%) learned English as their
first language, while 22.4% learned another language. The majority of these students
were not enrolled in an ESL program (87.0%). In their home environments, most students
spoke only English (44.6%) or mostly English (23.8%). Approximately 17.5% of the
participants spoke both English and another language(s) at home, while 7.1% indicated
speaking mostly another language(s). Less than five percent of participants indicated
speaking exclusively another language at home (4.4%). All students were enrolled in

English language programs.

Table 1. Descriptive statistics in Grade 3

n % N %
Gender Home Language
Male 62,714 50.7 Only English 55,182 44.6
Female 61,059 49.3 Mostly English 29,405 23.8
English Second Language Program English and another 21,704 17.5
language(s)
Not enrolled in 107,631 87.0 Mostly another 8,828 7.1
ESL program language(s)
Enrolled in ESL 16,142 13.0 Only another 5,401 4.4
program language(s)
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n % N %
First Language
English 76,385 61.7
Another 27,673 22.4

language

Note. Participant totals n for select variables do not equal total sample due to incomplete or missing data.

In 2014, the majority of these participants (70.2%) were successful in meeting or
exceeding Grade 3 EQAO math standards, obtaining a level 3 or 4 on the tests. Just under
one third of Grade 3 students (29.8%), however, were unable to meet those same stan-
dards in that year, obtaining a level 1 or 2 on the test. In 2017, the proportion of students
meeting or exceeding Grade 6 math standards decreased to approximately 54%, while the
proportion of students failing to meet those same standards increased to just over 46%
(Table 2).

Table 2. EQAO achievement levels in Grades 3 and 6

Grade 3 (2014) n % Grade 6 (2017) n %

Level 1 4,036 3.3 Level 1 18,946 15.3
Level 2 32,846 26.5  Level 2 38,185 30.9
Level 3 69,904 56.5  Level 3 48,200 38.9
Level 4 16,987 13.7  Level 4 18,442 14.9

Note. Participant totals n do not equal total sample due to incomplete or missing data.

Measures

Math. The EQAO elementary math assessment tests students’ achievement out-
lined by Ontario’s math curriculum expectations in five math strands: number sense and
numeration, measurement, geometry and spatial reasoning, patterning and algebra, and
data management and probability (OME, 2005). Demonstration of strength in three math
skills are targeted by the test: knowledge and understanding, application, and thinking
(EQAO, 2017a). The Grade 3 test consisted of 36 items with a Cronbach’s alpha of .89,
rising to a Cronbach’s alpha of .91 for the Grade 6 test, suggesting acceptable internal
consistency among the test items (EQAO, 2014, 2019b). Items on both the Grade 3 and

Grade 6 tests include two item formats: multiple-choice response items and constructed
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response items. Scores are calculated based on a modified 3PL IRT (Item Response
Theory) model with a guessing parameter estimate fixed at .2 for multiple-choice items
(EQAOQ, 2017b). Students are assigned to one of four achievement levels based on the
application of cut-score points to IRT theta values. As noted above, Levels 1 and 2 in-
dicate standards that have not been met, and Levels 3 and 4 indicate standards that have
been met or exceeded (see Table 2 for cohort distribution at Grades 3 and 6). Item writ-
ing, field trial, and scoring involve classroom teachers to a great extent. Both literacy
and math test items are intentionally aligned with grade-specific curriculum expecta-
tions (EQAO, 2017d). EQAO claims that all test items are evidence-based and age- and
grade-appropriate, and that scoring rubrics for writing prompts for open-response items
are “clearly related to the writing prompts and effectively capture the range of student
responses” (EQAOQO, 2013, p. 13). Permittance of math tools, such as calculators, is clearly
marked for specific questions as students move through the test. Unless otherwise noted,
all students are required to complete the assessments. Factors, such as cognitive develop-
ment and conferencing with parents and/or teachers are considered when determining the

eligibility or disqualification of students to complete the EQAO assessment.

Literacy. EQAO reading and writing assessment scores were taken from Grade
3 literacy assessments. Similar to the math test, the literacy assessment is used to eval-
uate the overall literacy achievement levels in three reading strands including reading
for meaning, understanding form and style, and reading with fluency, and three writing
strands including developing content, organizing content, and using knowledge of form
and style in writing. Demonstration of three reading skills (e.g., understanding explic-
itly-stated information and ideas, making inferences, and making connections between
information and ideas in a reading selection and the reader’s personal knowledge and
experiences) and two writing skills (e.g., topic development and conventions) are also
included in score calculation (OME, 2006).

Variables

Math assessment score. Overall math achievement levels at each of the two
grades, 3 and 6, were used as outcome variables. The four achievement levels were

recoded into a binary variable. Levels 1 and 2 (i.e., did not meet the standard, or fail)

Canadian Journal of Education / Revue canadienne de 1’éducation 43:2 (2020)
WWW.cje-rce.ca



English Language Learner Math Achievement 559

were grouped and recoded as 0, and Levels 3 and 4 (i.e., did meet the standard, or pass)
were grouped and recoded as 1. The result was a binary pass/fail indicator to be used

specifically for the identification of class membership in LCA. Students for whom data
were missing as a result of, for example, exemption, withholding, or missing data, were

removed from subsequent analyses.

Reading and writing assessment scores. Overall reading scores and overall writ-
ing scores in Grade 3 were used as predictor variables. Similar to math assessment scores,
the overall achievement levels provided by EQAO, originally Levels 1 to 4, were recoded
into binary variables. Levels 1 and 2 (i.e., did not meet the standard, or fail) were grouped
and recoded as 0, and Levels 3 and 4 (i.e., did meet the standard, or pass) were grouped
and recoded as 1 for each of the overall reading scores and overall writing scores. His-
torically, EQAO literacy assessment scores have maintained consistent results meeting
standards (Hinton, 2014).

Language background. We identified students as English as first language (EL1)
or ELLs based on whether a student’s first language was English or another language was
used. The survey question “Did the student learn English as a first language at home?”
was dummy coded such that ELLs were coded as 1, and EL1s were coded as 0. This vari-
able identifies whether students’ first language was or was not English, and is not to be
confused with “ESL Program” (see below), which refers to the language support program

offered in schools mostly to those who recently migrated to Canada.

ESL program. In addition to language profiles, students’ enrolment in school ESL
programs in Grade 3 was included in regression analysis to predict latent class mem-
bership. The Ontario Ministry of Education (2007) described the goals and curriculum
expectations of their ESL programming as a provision “to help English language learners
develop the skills they need to develop proficiency in everyday English and, most espe-
cially, proficiency in academic English that will allow them to integrate successfully into

the mainstream school program” (p. 3).

Gender. Gender was used as a covariate to control for any differences in achieve-

ment patterns as a function of students’ gender. This is a commonly used variable of

Canadian Journal of Education / Revue canadienne de 1’éducation 43:2 (2020)
WWW.cje-rce.ca



English Language Learner Math Achievement 560

interest in studies of academic achievement, and there exists a rich body of research to
support the identification of gender as a factor of students’ math achievement in particular
(Lee et al., 2011; Ganley & Lubienski, 2016).

Data Analysis

Latent class analysis (LCA). Using Mplus version 8 (Muthén & Muthén, 2017),
LCA was used to identify the latent profiles of students with the distinct patterns of math
achievement on the EQAOQO assessment across the two grades, 3 and 6. LCA is a mixture
modelling method used to identify latent classes of individuals who share distinct char-
acteristics (Collins & Lanza, 2013). It is a person-oriented latent profiling approach that
characterizes naturally occurring differences among groups, rejecting the assumption of
homogeneity within those groups (Hickendorff et al., 2018; Swanson et al., 2018). LCA
use also assumes there are underlying and unobserved classes that divide a population
into multiple mutually exclusive groups (i.e., latent classes) (Lanza & Rhoades, 2013).
Traditional linear modelling approaches, which are variable-oriented and use variables
as the unit of analysis rather than individuals, present limitations in their characterization
of heterogeneity and non-linear patterns (Sinclair et al., 2018; Hickendorff et al., 2018).
LCA in literacy research has been used to create intervention programs that effectively
address the individual needs of students (Sinclair et al., 2018). For the present study, LCA
was used to identify more nuanced math achievement patterns beyond average percentag-
es of students at four achievement levels.

No prior theoretical argument has been made for appropriate class member-
ship for elementary school math achievement patterns; therefore, initial model analyses
began at two classes. Various model-fit evaluation criteria were considered. They in-
cluded entropy for overall classification accuracy, Akaike information criterion (AIC),
Bayesian information criterion (BIC), Adjusted Bayesian information criterion (aBIC),
Vuong-Lo-Mendell-Rubin Likelihood Ratio (VLMR), and Lo-Mendell-Rubin Adjusted
(LMRA) LRT tests of significance of model-fit (Nylund-Gibson et al., 2007). A 3-class
model showed no significant improvement over a 2-class model as shown by statistically
insignificant results from VLMR and LMRA LRT tests. As a result, no other model was
tested. Two LCA models were compared. As shown in Table 3, a 2-class model was de-

termined to be the best-fitting model for class membership of math achievement patterns
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across Grades 3 to 6. Although its AIC, BIC, and aBIC values were slightly higher than
those for the 3-class model, the 2-class model showed a higher entropy value and better
interpretability.

The same analysis was run using students’ EQAOQ literacy assessment scores.
Students’ 4-level literacy scores were recoded into a binary score: those who did not meet
the standard (Levels 1 and 2), or 0, and those who did meet the standard (Levels 3 and
4), or 1. This binary variable was used in the LCA. Trends in Ontario’s literacy scores
had historically not experienced the same downward trend seen with math scores. Rath-
er, a high majority of students continued to achieve average or above average scores on
EQAQO literacy assessments across Grades 3 to 6 (EQAO, 2018). Latent Class Analysis
confirmed this trend in literacy scores, showing two distinct latent profiles of achievement
that remained steady over time or increased in Grade 6. Therefore, one can conclude that
the majority of students were able to achieve literacy standards in Grade 3 and continued

to maintain that achievement in Grade 6.

Table 3. Model-fit evaluation

Criteria 2-class model 3-class model
Akaike (AIC) 287199.57 287205.57
Bayesian (BIC) 287248.20 287283.38
Adjusted BIC (aBIC) 287232.31 287257.95
Log-likelihood -143594.78 -143594.78
Entropy 96 .60
Vuong-Lo-Mendell-Rubin Likelihood .00 .92

Ratio Test For 1 (HO) Versus 2 Classes

Lo-Mendell-Rubin Adjusted LRT Test .00 .92
Proportion in Class 1 66,642 66,642
Proportion in Class 2 57,131 57,131
Proportion in Class 3 -—- 0

Note. Bolded values indicate the best-fitting model.

Binary logistic regression. Using the two latent classes of math achievement
patterns from the LCA analyses as the outcome variable, a hierarchical binary logistic
regression analysis was conducted using SPSS version 24 to examine the predictive
relationship between students’ language and literacy characteristics and latent classes. In-

dependent variables related to language and literacy included overall reading and writing
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scores, enrolment in ESL programs, language background, and gender. Because gender
was used as a covariate, it was applied to the first level in the regression analysis (Step 1).
Overall reading and writing scores were inputted into the second level (Step 2). Because
the earlier LCA showed a consistent trend toward maintaining average or exceeding
above average achievement, we concluded that students’ literacy scores did not fluctuate
enough to have a negative impact, or confound, results of the logistic regression using
latent math profiles, and was therefore used as a predictor variable in the analysis. The
remaining two variables, language background and ESL program enrolment, were applied
to a third level (Step 3), with the preceding steps’ variables controlled.

The dependent variable, now latent classes, was coded as “0” (class 1) and “1”
(class 2). Because the focus of the study was on class 2, which was the declining math
achievement pattern group, regression coefficients for class 2 were estimated and com-
pared with reference to class 1. Any participants with missing values for any of the vari-
ables of interest were removed from analyses, resulting in a sample of 98,486 participants

included in the logistic regression.

Results

Math Achievement Patterns

Latent class analysis resulted in the 2-class model as the best-fitting model. Of the stu-
dents included in the 2-class analysis, 66,642 (54%) were categorized into class 1, and
57,131 (46%) into class 2, as shown in Table 4.

Table 4. Class distribution and results in probabilities

Counts  Proportions Estimate S.E. Est/S.E. P-Value

Latent Class 1 66,642 .54 (54%)

Grade 3 Fail .08 .001 76.22 .00
Pass 91 .001 864.70 .00

Grade 6 Fail .01 .003 291 .00
Pass .99 .003 379.40 .00

Latent class 2 57,131 46 (46%)

Grade 3 Fail .55 .003 217.10 .00
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Counts  Proportions Estimate S.E. Est/S.E. P-Value

Pass 45 .003 174.44 .00
Grade 6 Fail 998 .000 0.000 1.00
Pass .002 .000 0.000 1.00

Note. Bolded values indicate probabilities of meeting the standard across the two grades.

These results confirm that there are two distinct patterns of achievement on the
EQAO math assessment from Grades 3 to 6. The differences between these classes were
unmistakeable; class 1 showed an approximately 92% chance of meeting or exceeding
math standards in Grade 3, increasing to just under a 100% chance of doing the same
in Grade 6. This class was identified as the “consistent achievement group.” Students in
class 2, though having an approximately 45% chance of meeting standards in Grade 3,
had significantly less success meeting standards again later, with their chance of con-
tinuing to meet standards decreasing to well below 1% in Grade 6 (Table 4). Class 2 was

therefore identified as the “declining achievement group” (Figure 2).
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Figure 2. Probabilities of class membership based on meeting or exceeding math

standards
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Predicting Latent Class Membership

To determine the predictive nature of language and literacy on the math achievement
latent class membership, a hierarchical binary logistic regression was conducted. A test
of the full model with independent variables, overall reading score, overall writing score,
ESL program enrolment , language background, and gender as predictors was statistically
significant, y*(5) = 16,619.60, p < .001, indicating that the math achievement latent class
membership can be predicted by language and literacy variables.

All variables were significant predictors of latent class membership, as shown in
Table 5. Specifically, the odd ratios of two literacy variables, reading and writing scores,
were .18 and .39 each. As indicated by the negative beta coefficients for reading and
writing scores, the higher reading and writing test scores, the less likely a student was to

belong to the declining achievement pattern group.

Table 5. Binary logistic regression predicting membership to Class 2 based on language

and literacy predictors

Step  Predictor B S. E. Wald Sig. Exp(B)
1 Gender .03 .02 323.82 .00 1.33
2 Overall Reading Score -1.72 .02 7,317.37 .00 18
Overall Writing Score -.94 .02 1,549.72 .00 .39
3 Language Background .69 .02 1,019.77 .00 1.99
ESL Program 23 .03 71.43 .00 1.26
Constant .99 .04 768.74 .00 2.68
Model ¥ 16,619.60 p<.001
-2 Log likelihood 97,927.69
N 98,487

On the other hand, the beta coefficient for the language background variable (1 for ELL
students) was positive and statistically significant. Its odd ratio (1.99) strongly suggested
that ELL1 students would be almost two times more likely to belong to the declining
math achievement pattern group. The ESL program variable showed a similar result,
indicating that those who are in ESL programs had a greater likelihood of experiencing

declines in their math achievement in Grade 6.
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Discussion

This study’s findings uniquely contribute to the study of EQAO test achievement by
exploring the effect of students’ English language and literacy characteristics on patterns
of achievement across two elementary grades, with emphasis on the achievement of ELL
populations. Latent class analyses revealed two distinct patterns of EQAO achievement
for students from Grades 3 and 6. Class 1 included students who met and continued to
meet standards in both Grade 3 and Grade 6 (consistent achievement group), while class
2 included students who met standards in Grade 3, but were unable to do so in Grade 6
(declining achievement group). While initial claims stated that half of Ontario’s students
were failing to meet math standards, these results show that claim was not entirely accu-
rate. In actuality, less than half of students who initially were able to meet expectations
in Grade 3, were unable to do so in Grade 6. Although the percentage of students unable
to meet math standards was just under 50% (specifically 46%), these results show the
existence of more heterogeneous achievement patterns of students, and therefore suggests
a need for more targeted identification and assessment of those students who failed to
achieve a passing mark on the EQAO math assessments.

Subsequent logistic regression analyses revealed a significant predictive rela-
tionship between literacy and language characteristics and math achievement. Those
who struggled with literacy proficiency were more likely to belong to class 2 (declining
achievement group), highlighting the importance of literacy skills on math achievement.
These results are consistent with other studies, such as Rutherford-Becker and Vander-
wood (2009), who similarly found a predictive relationship between the literacy skill of
reading comprehension and math computation (e.g., addition and subtraction). Jordan,
Kaplan, and Hanich (2002; see also Jordan, Hanich, and Kaplan, 2003) also found that
children in early elementary grades who experience math difficulties, yet are good read-
ers, are likely to perform better on math tests than their peers who are poor readers and
experience math difficulties. These findings also indicated that children who live and
learn in environments with different dominant languages (i.e., whose first language is
not English in the context of this study), and who would be identified as ELL students,
experience significant difficulty meeting math standards when compared to their En-
glish-proficient peers. The predictability of students’ math achievement as a function of

their language background was also consistent with studies that have found that language
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proficiency can explain differences in math achievement between ELL students and their
English peers (Jang & Sinclair, 2018; Zheng et al., 2007). These difficulties have been
explained by some researchers as relating to the specific language used to communicate
math problems (Lager, 2006), which could in turn bring into question broader issues of
differential item functioning (DIF) in accountability testing (Martiniello, 2009) and the
biasing of questions toward certain populations of students (see Kim & Jang, 2009, for
an investigation of DIF in EQAO math assessments). Though there exists a number of
possible explanations for the differences in ELL achievement patterns, both generally and
in the context of math learning, this study highlights and contributes to first steps in rec-
tifying “Ontario’s math problem” and closing the achievement gap for ELL students by
identifying ELL students as a specific group failing to meet math standards. Identification
is the first step in supporting students who struggle with EQAO math assessments; steps

to follow should identify needs and possible explanations.

ELL Students and Academic Achievement

Instances of ELL students performing below their domestic counterparts on tests of aca-
demic achievement are well documented in the literature (Abedi, 2002). In standardized
test accountability settings similar to EQAOQO, the needs of ELL students are distinctly
different from those of their peers (Honigsfeld & Giouroukakis, 2011). In line with the
literature, an achievement gap was found for ELL students in the current study. A possible
explanation for this phenomenon could be that the language complexity and proficiency
that was demanded by the test in Grade 6, though manageable in Grade 3, was higher
than the language proficiency students had been able to develop by the time of the test
(Abedi & Lord, 2001). Failing to reach the level of language proficiency necessary to
complete standardized tests has been known to create barriers to successful achievement,
especially for ELL students (Martiniello, 2009). Language, then, has the potential to
serve as a barrier to successful math achievement. For these students, language may have
become something of a confounding factor in their successful achievement of academic
standards (Abedi, 2002).

These students showed no difficulty meeting standards across the two grades
in EQAO’s literacy assessment. However, it is important to note here that when refer-

ring to the language proficiency needed to comprehend and respond to math questions
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appropriately, we are referring to specific math language and cultural and contextual
references used in math questions. Mathematical literacy, as implied by the name, in-
volves understanding and using key terminology (DiGisi & Fleming, 2005; Roberts,
2009). This concept, however, also requires that students recognize how language is used
to internalize and disseminate math knowledge in a way that can be understood by an
audience, which necessitates having some familiarity with cultural context and language.
Roberts (2009) suggests that this in turn means that, as a discipline, math is tied not only
to specific mathematical vocabulary and “talk,” but equally to societal constructs being
represented by those words. Moschkovich (2015) argued that the confounding effect of
language on math achievement is due to certain complex linguistic skills that are needed
when responding to math questions, including defining, explaining, and justifying.

These results demonstrate how language development, when not appropriately
supported, can hinder achievement. The language of testing may have affected students’
abilities to meet standards, as the test was in a language that they were still learning.
Further, these results provoke important questions about the appropriateness of these tests
for diverse classroom contexts, how to conceptualize the learning needs of ELL students,
and how to identify effective assessment tools and strategies to serve their learning needs.
These are questions that are reflective of the current discourse around culturally and
linguistically responsive practices and ELL testing considerations (Abedi & Dietel, 2004;
Sinclair et al., 2018; Honigsfeld & Giouroukakis, 2011; Ladson-Billings, 1995, 2014).

There are a number of other notable contributions from this study related to ELL
discourse, education, and testing. Firstly, this study puts an urgently necessary spotlight
on the issues faced by all ELL students in math education, especially in Ontario where
students are required to participate in standardized testing four different times throughout
their elementary and secondary education, particularly in a linguistically and culturally
diversifying Canada. ELL students continue to experience systemic and institutional bar-
riers to their successful academic achievement. This study followed a traditional dichot-
omous view of ELL students that is commonly used in research about language learning
and academic achievement. Dichotomizing ELL students in such a way forces others’
assumptions of their language needs and abilities, and risks disregarding the unique lived
experiences of students outside of school hours, and the influence after-school experienc-
es and the home environment have on their overall learning (Honigsfeld & Giouroukakis,

2011). To give prominence to students’ unique identities outside the classroom context,
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a more nuanced and multidimensional view of ELL students, one that considers other
facets of their language development such as home language and immigration status,
was used by Sinclair, Jang, and Vincett (2018). Their findings showed the significant
and favourable impact these other facets of language background may have on academ-
ic achievement, and further underscore the need to consider students’ lived experiences
outside of the classroom as important factors in academic achievement.

As an additional (and only superficially explored) finding of the study, these
results also call attention to the possibility that ESL programming may not be reaching
as many students as may have needed such supports. While just over 20% of the students
in this study were identified as ELL, who were in large part also born within Canada, it
also showed that just over 10% of students overall, and only 58% of ELLs specifically,
received supports from an ESL program. This may be due to the limiting and antiquated
definitions of who is an ELL. Canadian-born multilingual students are less likely to be
identified as ELL students than those born outside of Canada, and as such may not be
adequately identified as in need of language supports or placed into language support pro-
grammes, such as ESL and English Literacy Development (ELD) programmes (Mcgloin,
2011). Canadian-born ELLs’ high communicative or conversational competence in En-
glish can confuse or mask the need for more formal language supports. Previous studies
have found that Canadian-born ELLs show lower rates of meeting the curricular expec-
tations compared to domestic ELLs (Jang et al., 2015), and Canadian-born ELLs with
low literacy in their first language are at the highest risk of not succeeding in the OSSLT
(Cheng & Sun, 2015). At the teacher training level, Cummins (2014) argues that Cana-
dian schools have failed to equip teachers with the knowledge to appropriately identify
students in need of ESL supports and develop necessary pedagogical skills to teach them
effectively once identification has been made. Indeed, he notes that many teachers and ad-
ministrators “have not had opportunities to access the knowledge base regarding effective
instruction for [students of immigrant backgrounds], nor have they had opportunities
for pre-service or in-service professional development regarding effective instructional
practices” (p. 1). Overall, the results of this study call attention to the complex nature of
Ontario school students’ linguistic backgrounds in order to provide effective accommoda-

tions for ELL students’ math learning.
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Cultural and Linguistic Sensitivity in Math Assessment

The study findings suggest that students’ math ability is highly correlated with their
literacy ability. They further suggest that ELL students’ math test performance may be
hindered by their limited English language proficiency. The study findings are consis-
tent with other studies that have pointed to the structural and content features of math
assessments as contributing to disproportionate ELL achievement. For example, DiGisi
and Fleming (2005) suggest that US state math tests require additional reading skills
before one could even begin to answer questions, further linking math test performance
to language and literacy. Honingsfeld and Giouroukakis (2011) argued for the consider-
ation of concepts and ideas highlighted by test questions and their relevance to, or famil-
iarity with, diverse cultural contexts. Test accommodation strategies include translating
tests into the primary language of test-takers, however, even when tests are translated to
primary languages, ELL students may still achieve scores lower than their peers (Abedi
& Dietel, 2004). Abedi and Dietel (2004) argue that though translation allows for a
moving away from ascribing poor achievement on tests to the tests themselves, it also
underscores the need to develop better understanding of the effect of language skills on
achievement outcomes.

Abedi and Lord (2001) report the consistent performance improvements exhibited
by ELL students when test questions are modified or simplified while maintaining rigour
as justification to provide linguistically modified, rather than translated, versions of tests.
Honigsfeld and Giouroukakis (2011) argued that, for ELL students, these types of assess-
ments create greater challenges due to decreased familiarity with the cultural contexts of
questions. These students, with different cultural and linguistic skillsets, take tests that
were designed to give preference to English-speaking students and include western cul-
tural references (Honigsfeld & Giouroukakis, 2011). Providing questions that capitalize
on students’ lived experiences allows for greater contextual understanding of content (Ch-
val & Chavéz, 2011; Honigsfeld & Giouroukakis, 2011) and a decrease in cognitive-pro-
cessing loads related to complex linguistic skills required to decode meaning from ques-
tions (Moschkovich, 2015). Chval and Chavéz (2011) proposed, from a teacher methods
perspective, that teachers give consideration for the speed at which complex language

skills and proficiencies develop (when compared to math skills), suggesting that making
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deliberate pedagogical decisions to support language development alongside math can
result in the creation of optimal learning environments for ELL students.

The language of test administration also presents certain challenges that Coltrane
(2002, as cited in Honigsfeld and Giouroukakis, 2011) would argue leave these students
at a disadvantage. The sustainable use of scores on standardized math tests as indicators
of overall student achievement is also brought into question. These findings call attention
to the possibility that EQAO, while successful in other subject areas, may not accurately
capture the learning of Ontario’s increasingly heterogeneous population of students. As
such, the use of standardized achievement measures for accountability purposes in cur-
rent policy structures, particularly in Ontario, requires critical reflection. Although these
issues were not directly addressed in the present study, the study results strongly suggest
further research to examine the extent to which EQAO math tests are culturally and lin-

guistically sensitive to students from diverse backgrounds.

Limitations and Next Steps

This study was affected by a few potential limiting factors. The absence of definitive
information on participants’ socio-economic status (SES) presented an important lim-
itation, especially as studies have shown that SES can significantly affect students’ suc-
cessful academic achievement (Barr, 2015; Merolla, 2017; Sucuoglu, 2018). This has
continued to hold true in the context of math learning, as marked differences in SES have
presented across math strands beginning as early as, and in some cases earlier than, kin-
dergarten, and often not diminishing as students moved through grades (Elliott & Bach-
man, 2018; Galindo & Sonnenschein, 2015; Klein et al., 2008). Therefore, it is suitable to
question whether these results would have been affected by the inclusion of SES demo-
graphic information. Additionally, the use of a single data source and only two timepoints
as representative of overall elementary achievement may have resulted in findings that
were not easily applied to all elementary grades. Further research, using more timepoints
and multiple sources, may help support the generalizability of these findings.

As explained above, students in this study did not experience similar difficul-
ties meeting literacy standards on the EQAO assessments. This finding allowed for the
achievement scores to be used as a variable of interest in our analysis, though we did not

make any inferences as to why there was not a similar decline in literacy achievement as
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it was beyond the scope of the present study. Some possible explanations for the exis-
tence of this decline in math but not literacy have been noted here, such as the possible
cognitive load of decoding language at the same time as working out mathematical cal-
culations that is not necessary in literacy applications alone. Future studies exploring the
trends in EQAO math and literacy achievement will be done to unpack this dichotomy in
achievement and try to understand why language background does not similarly affect lit-
eracy achievement. In math and literacy achievement, males tend to outperform females
in math, while females outperform males in literacy. In this study, the relationship of
gender to latent class membership was only explored superficially as a covariate. Though
these results were consistent with the literature on males’ greater success in math achieve-
ment, in order to unpack the findings and further identify the individual characteristics of
students failing to meet math standards, next steps could explore the interaction of gender
and language profile on math achievement to determine whether the outperforming of
males to females was a function of their language learning. Finally, while these results
provided important information on the characteristics of students most likely to expe-
rience difficulty meeting EQAO math standards, they did not definitively explain why
almost half of these students met the standards in Grade 3 yet were unable to do so again
in Grade 6. Future studies should work to unpack this problem further to determine what

changes between Grades 3 and 6 could have resulted in a decline in achievement.

Conclusion

This study shed light onto Ontario’s declining math achievement patterns by identifying
two distinct achievement trends and further determining the association of students’ lin-
guistic factors with the declining math achievement pattern. The study shows that inter-
preting math test results based on overall percentages of students meeting the standards
is misleading and of little use. Not all students exhibit declines in math achievement. The
study suggests that declines may be associated with specific subgroups of students, espe-
cially those who need more support in schools. The current study calls first for a reas-
sessment of the declining patterns of achievement through more detailed identification
of students who are struggling to meet standards and their individual characteristics that

differentiate them from those who do not struggle to meet the same standards.
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We call for further research to examine the extent to which EQAO math tests are
culturally and linguistically sensitive to students from diverse backgrounds. Finally, cur-
rent discourse around what policy makers have referred to as “Ontario’s math problems”
requires more systematic empirical evidence to determine its cause and effective inter-
vention strategies. Any policy implementation, such as the new teacher-candidate math
test mandate, and resource allocations without empirical evidence, may not adequately

address the math problem with sustainable effects.
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