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This longitudinal investigation examined the relationships between early indicators and 
later school achievement for primary students from three District School Boards in 
southern Ontario.  Student achievement data sources included the Early Development 
Instrument (EDI), a teacher completed checklist to assess school readiness in Senior 
Kindergarten (Janus and Offord, 2000), and the data from the large scale provincial 
assessment conducted in grade 3 (EQAO) for the same students.  Hierarchical Linear 
Modeling (HLM) techniques were used to explore probabilities of achievement.  
Evidence suggests that achievement patterns are established early.  Possibilities and 
limitations for the school district are discussed in this context. 
 
Background 

There are two major contexts in which early learning occurs for many children 

(Cleveland et al, 2006).  The first is the family and the second includes education settings 

for young children, such as preschools, child care experiences, programs for young 

children and other types of related opportunities.  Researchers are working to understand 

how the different contexts children experience prior to entry to formal school contribute 

to a foundation for academic achievement and later success as an adult and a member of 

society.  Commonly referred to as a child’s school readiness, this idea comprises multiple 

components, and evidence suggests that achievement patterns for a wide range of school 

                                                 
1 Paper presented at the annual meeting of the Canadian Society for the Study of Education, Montreal, May 
30, 2010.  The study was supported by the Durham District School Board in Whitby, ON; the Durham 
Catholic District School Board in Oshawa, ON and by the Kawartha Pine Ridge District School Board in 
Peterborough, ON.  Send comments to Dr. Lynn Kostuch, Kawartha Pine Ridge DSB, 1994 Fisher Dr., 
Peterborough, ON K9J 7A1 



CSSE 2010 – The Use of HLM in Professional Research Communities  Page 2 of 19 

readiness skills are established during these early years (McCain and Mustard., 1994; 

Sammons et al, 2004; Nelson, 2005; Janus and Offord, 2007).   

The conceptualization of school readiness in Canada has been strongly influenced 

by studies showing that child school readiness is best captured in a multidimensional, or 

holistic, framework.  A multidimensional model acknowledges that children develop in a 

variety of ways at a variety of times during the early years.  The five readiness domains 

often identified in the literature are listed below in alphabetical order:   

 emotional competence; 

 general knowledge and communication skills;  

 language and cognitive development; 

 physical well being; and  

 social competence 

(Kagan, Moore and Bredekamp, 1995; Doherty, 1997; McCain and Mustard, 1999; Janus 

and Offord, 2000).  At a federal political level, growing concern over the readiness to 

learn of young Canadian children was reflected in the 1997 federal Speech from the 

Throne which contained the commitment to “measure and report on the readiness to learn 

of Canadian children so that we can assess our progress in providing our children with 

the best possible start” (as cited in Janus and Offord, 2000, p. 72).  

Provincial governments also took interest, and Ontario quickly included readiness 

to learn at school as one of its priorities for education.  In a report commissioned by the 

Ontario government, McCain and Mustard (1999) provided a clear argument that school 

readiness should be assessed.  After a decade of discussion and research into the benefits 
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of early learning, the Ontario government announced it will launch full-day learning for 

up to 35,000 four- and five-year olds in almost 600 schools for September, 2010. 

Concurrent with the interest in early development, researchers began to develop 

metrics to assess the development of children at entry to formal schooling.  The Early 

Development Instrument (EDI) is a population level data gathering instrument developed 

by researchers at the Offord Centre at McMaster University in Hamilton, Ontario.  The 

EDI instrument consists of items pertaining to five a priori domains, listed below in 

alphabetical order:  

 communication skills and general knowledge; 

 emotional maturity;  

 language and cognitive development;  

 physical well being; and 

 social competence. 

The EDI instrument is an observational checklist designed to be completed by teachers, 

prior to entry to grade 1.  In publicly funded Ontario schools, this measure of children’s 

school readiness across the five domains is administered in each school district on a 3 

year cycle, so that one out of every three cohort entry years is assessed with the EDI.  The 

Early Development Instrument is most often completed in the second half of the Senior 

Kindergarten year, meaning that students have had their fifth birthday in the year of entry 

to the program.  The teacher completes the EDI checklist by answering all questions to 

the best of their knowledge.  Results are aggregated by school and reported for each item 

and as domain scores for each outcome.  Table 1 shows the EDI domains and the number 

of associated items on the teacher checklist. 
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Table 1 
EDI domains and number of associated items on teacher checklist 

Early Development 
Instrument Domain 

Number of items related to 
each domain in EDI 

checklist 

Total number of 
items in teacher 

checklist* 

Physical Well-being 13 

101 

Social Competence 26 

Emotional Maturity 28 

Language and Cognitive 
Development 

26 

Communication Skills and 
General Knowledge 

8 

* (accessed January 22, 2010 from http://www.offordcentre.com/readiness/)  

 The Offord Centre reports EDI average scores for each domain area in categories 

of readiness representing the highest scores to the lowest scores in a distribution (see 

Figure 1).  The information is reported to communities according to these categories, 

drawing attention to the lowest 25% of the distribution who are considered to be not on 

track for school readiness.  Students in the lowest 10th percentile are considered to be not 

on track and vulnerable. 

Figure 1 
EDI school readiness categories* 

 
* (accessed January 22, 2010 from http://www.offordcentre.com/readiness/) 
 

 
Research in the early years has heightened awareness of the impact of school 

readiness on longer term academic outcomes for students in the formal school system.  
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Longitudinal student assessment information is of particular interest to school districts, as 

the achievement results can be used to track trajectories of individual children and entry 

cohort groups as they move through the public education system.  In Ontario, the 

Education Quality and Accountability Office (EQAO) administers standardized province-

wide assessments in reading, writing and mathematics for students at the end of Primary 

Division (grade 3) and at the end of Junior Division (grade 6).  EQAO assessment 

information provides a standard provincial benchmark for progress in language and math 

curriculum expectations.  Results are reported on a four level achievement continuum 

(Level 1 to Level 4).  Data descriptions for EQAO assessments are outlined in Table 2 

below.    

Table 2 
EQAO assessment levels and corresponding descriptors 

EQAO 
assessment 

level 
Description 

Result meets the 
provincial 
standard* 

X Exempt no 

B No Data no 

NE1 Not enough evidence to be assigned a Level 1 no 

Level 1 Much below provincial standard no 

Level 2 Approaches provincial standard no 

Level 3 Provincial standard yes 

Level 4 Exceeds provincial standard yes 

* (accessed January 22, 2010 from http://www.eqao.com) 

The objective of this project was to investigate the relationship between children’s 

school readiness scores, as assessed on a developmental checklist by their Senior 

Kindergarten teacher, and their scores from the EQAO Primary Division assessments for 
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reading, writing and mathematics, administered at the end of their Grade 3 year.  Central 

to this inquiry was the development and testing of theories using Hierarchical Linear 

Modeling.  The primary research question underlying the investigation was: 

1. To what extent do scores on the Early Development Instrument predict 

a student’s achievement outcomes by the end of Primary Division 

(grade 3)? 

A secondary research question that arises out of this inquiry is: 

2. Which school readiness domains have the greatest impact on a child’s 

later achievement scores? 

Methodology 

The research methods in this study can be described as a quantitative analysis of 

achievement data collected using an observational checklist (EDI) and a standardized 

achievement test (EQAO).  Analysis was conducted with descriptive and inferential 

techniques including the use of Hierarchical Linear Modeling using the HLM6 for 

Windows from Scientific Software International (SSI). 

Participants 

 The student achievement data used in this study came from the Senior 

Kindergarten cohorts at three district school boards in southern Ontario.  Each Board data 

set for these students included individual EDI domain scores from the students’ Senior 

Kindergarten year and their subsequent EQAO assessment results. 

Data Preparation 

In advance of the analysis, the issue of missing data was considered.  Missing 

values may have occurred for a number of reasons during the EDI data collection (e.g. a 
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teacher fails to record an answer on a checklist; a mechanical error; or a pass on the item 

with the intention of returning to it later).  EQAO data may be missing due to non-

participation in Grade 3 reading and writing (French Immersion students only); or a case 

may not contain a leveled score variable due to absence, exemption, or a lack of response.   

The combined data set was examined for missing values.  Cases with missing data 

from the EDI administration were deleted listwise.  Listwise deletion describes the 

removal of any student who did not have a complete EDI profile (e.g. did not have five 

out of five domain scores).  Preparation for the EQAO data began with an examination of 

French Immersion status for all students.  As per Ontario provincial policy, students in 

Grade 3 French Immersion are not required to write the Reading and Writing assessments 

with the rationale that they may not have experienced sufficient instructional exposure to 

English language learning by the end of Primary Division.  It is at the discretion of the 

District School Board as to whether or not French Immersion students will participate in 

the Language assessments.  However, all students must participate in the Mathematics 

assessment because there is a French Immersion Math version available for 

administration.  Each participating District School Board had a different local policy in 

place for Grade 3 French Immersion student participation.  Consequently, non-

participating French Immersion students were deleted pairwise (i.e. excluded) from 

analyses involving Reading and Writing data.  Otherwise, EQAO data was prepared by 

converting scores other than level 1, 2, 3 and 4 to zero.  Results for students who were 

exempt, who were absent, who submitted a blank assessment booklet or who did not 

provide enough information for level 1 were recoded to zero. 
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Participation in this study was anonymous, as each researcher removed student 

identifiers from their local data set before the three District data sets were aggregated.  A 

unique student identifier called the Ontario Education Number (OEN) was used by each 

District School Board to link their student EDI data to the corresponding EQAO scores 

for reading, writing and math from May of the students’ grade 3 year.  The combined 

dataset was used in all subsequent analyses.  The sample size and match rates for the 

combined data set are reported in Table 3 below. 

Table 3 
Sample size and match rates 

 
Number of 

students in EDI 
data set 

 
Number of 
students in 
EQAO data 

set 

Total number 
of EDI records 

matched to 
EQAO records 

Merge match 
rate 

Combined dataset 
including students 

from all three Boards 
6865 8240 5499 80% 

 

 Statistical Package for the Social Sciences (SPSS) software, version 17.0 was 

used to convert the combined data to dichotomous measures as follows:  EQAO data was 

recoded to 1 = meets provincial achievement standard; 0 = does not meet provincial 

standard (as reported in Table 2); EDI domains were recoded to 1 = vulnerable; 0 = not 

vulnerable (as shown in Figure 1). 

Analysis 

The general strategy involved exploring the patterns between EDI data and 

EQAO scores to examine relationships between data generated by the two metrics.  SPSS 

17.0 was used for descriptive analysis (frequencies, means, and standard deviations) and 

HLM6 was used for statistical modeling of probabilities. 
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HLM6 software allows for analysis of linear and nonlinear variables 

(Raudenbush, Bryk, Cheong, & Congdon, 2004). Dichotomous outcomes (e.g. 1 or 0) 

follow a Bernoulli distribution, such that the proportion of cases scoring 1 will be 

between .01 and .99 (Rousell & Emenogu, in preparation). This type of analysis is being 

explored by the Hierarchical Linear Modelling Learning and Research Community in 

Ontario, of which the participating researchers are members.  District researchers have 

collaborated to build capacity on this HLM technique as it accommodates the binary 

variables in student achievement reporting (e.g. meets / does not meet a standard).  The 

HLM analysis is a form of logistic regression that accounts for relationships at other 

levels. 

We used HLM (Bernoulli outcome) because the outcome was a dichotomous 

variable and conducted over thirty sets of level one analyses.  One analysis was 

conducted for each EQAO assessment to EDI domain combination using equations 

generated through HLM6: 

Prob(EQAO reading = 1 | β) = φ, 

Log[φ/(1- φ)] = η, 

η = β0 + βi (EDIphysdomain). 

The number of domains vulnerable for each student was also analyzed (i.e. EQAO 

assessment - # of EDI domains vulnerable).   In each case the dependent variable was the 

EQAO outcome for a particular subject. This procedure predicts the probability of a 

student reaching the provincial standard in EQAO at the end of the Primary Division.  
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Results 

Results are organized in the framework of the research questions that guided the 

study.  The primary research question was: 

1. To what extent do scores on the Early Development Instrument predict a 

student’s achievement outcomes by the end of Primary Division (grade 3)? 

The secondary research question for the inquiry was: 

2. Which school readiness domains have the greatest impact on a child’s 

later achievement scores? 

EDI data distributions range from a minimum score of 0 to a maximum score of 

10.  The means and standard deviations of EDI domain scores for the combined dataset 

are reported in Table 4 below. 

Table 4 
Means and standard deviations for EDI domain scores  

Subject Mean Standard Deviation 

Communication skills and general 
knowledge 

7.83 2.51 

Emotional maturity 8.07 1.68 

Language and cognitive development 8.58 1.80 

Physical health and well-being 8.81 1.41 

Social competence 8.26 1.94 

 

The percentage of students achieving the provincial achievement standard for 

EQAO in the combined dataset is reported in Table 5 below. 
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Table 5 
Percentage of students achieving provincial standard in Grade 3 EQAO 

Subject 
Percentage of students at or above 

provincial standard 

Reading 65% 

Writing 69% 

Math 72% 

 
Figure 2 displays the probabilities for meeting provincial standard on the grade 3 

EQAO assessments given vulnerability, meaning the number of domains on which a 

student score is within the lowest 10th percentile.  The graphic displays this information 

for categories from zero to five domains of vulnerability.  

Figure 2 
Probability of meeting provincial expectations on EQAO assessments by number of EDI 
domains of vulnerability 
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Reading 71.77 53.97 39.82 29.91 27.41 29.37

Writing 75.79 55.25 47.89 38.76 36.85 41.89

Math 79.59 58.44 54.44 36.34 33.46 32.48
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Probabilities for success in the reading, writing and mathematics assessment areas 

decrease as the number of domains of vulnerability increases.  Graphically, there appears 

to be little variation in the probability of meeting provincial achievement standards when 
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students have two or three or more domains of vulnerability (depending on the subject).  

In reading, students who are vulnerable on two or more domains have less than a 40% 

probability of success on EQAO.  Comparatively, students who are vulnerable in three or 

more domains display a less than 40% probability of success in writing and math.  

Notwithstanding, the largest difference occurs between zero and one domain of 

vulnerability, suggesting that vulnerability in even a single area is predictive of later 

academic achievement.    

Contingency tables were used to further investigate the relationships between the 

EDI and EQAO using an outcome matrix.  The matrices show below for Reading (Table 

6), Writing (Table 7) and Mathematics (Table 8) display the extent to which EDI 

vulnerability aligns with EQAO achievement. 

Table 6 
Probability of success on EQAO reading for 3 or more EDI domains vulnerable 
 Reading 

Does Not Meet Provincial 
Expectations 

Reading  
Meets Provincial 

Expectations 

Vulnerable on 3 or 
more EDI domains 

268 (70%) 114 (30%) 

Not Vulnerable on 3 or 
more EDI domains 

1563 (32%) 3255 (68%) 

 

Table 7 
Probability of success on EQAO writing for 3 or more EDI domains vulnerable 
 

Writing 
Does Not Meet Provincial 

Expectations 

Writing 
Meets Provincial 

Expectations 

Vulnerable on 3 or 
more EDI domains 

233 (61%) 149 (39%) 

Not Vulnerable on 3 or 
more EDI domains 

1394 (29%) 3424 (71%) 
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Table 8 
Probability of success on EQAO math for 3 or more EDI domains vulnerable 
 

Math 
Doe Not Meet Provincial 

Expectations 

Math 
Meets Provincial 

Expectations 

Vulnerable on 3 or 
more EDI domains 

248 (64%) 137 (36%) 

Not Vulnerable on 3 or 
more EDI domains 

1307 (26%) 3807 (74%) 

 

The findings show that vulnerability on three or more domains have similar relationships 

to EQAO outcomes for writing and mathematics.  This pattern of fit for the association 

between EDI and EQAO is evident in reading with vulnerability on two or more 

domains. 

Figure 3 displays the probabilities for meeting provincial standard on the grade 3 

EQAO assessments given vulnerability on each of the five EDI domains.  This analysis 

was conducted to determine which EDI domains had the greatest impact on the 

probabilities of success on later achievement scores. 
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Figure 3 
Probability of meeting provincial expectations on EQAO assessments by specific EDI 
domains of vulnerability 
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Emotional  

Maturity

Social  

Competence

Physical  Health 

& Well  Being

Communication 

Skil ls  & 

Language & 

Cognitive 

 

 
In all three subject areas, students vulnerable on the language and cognitive 

development domains have the lowest probability of attaining achievement standard on 

the grade 3 EQAO assessment.  Vulnerability in the emotional maturity, social 

competence and physical health and well being domains do not appear to have as much 

of an impact on later academic achievement.   

Discussion 

  The objective of this study was to investigate the extent to which scores on the 

Early Development Instrument predicted student EQAO achievement outcomes by the 

end of Primary Division (grade 3) using a dataset of students from three southern Ontario 

school districts.  A secondary objective was to determine which school readiness domains 

had the greatest impact on later achievement scores.  Central to this investigation was the 
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cooperation of the three participating school districts to support the capacity building of a 

professional community of researchers working on a common task.    

School districts devote considerable resources to EDI data collection through the 

time invested by their kindergarten teaching staff and through efforts by Senior 

Administrators, Principals, Teachers and Researchers to interpret the information.  This 

project was designed to support participating school districts to better understand EDI 

data through research questions germane to the districts.  It is hoped that the results from 

this investigation can help to inform program intervention decisions based on evidence 

from the data collection.  As EDI scores contribute to the longitudinal profile of cohort 

achievement, it is also important for partners to investigate the long-term usefulness of 

EDI data.  This study serves as a baseline for future School District inquiry into the early 

years.  This is especially important with the implementation of full day learning 

provincial pilot projects in September, 2010. 

The present study uncovered differences in the probabilities associated with 

groups of ‘not vulnerable’ and ‘vulnerable’ children and their later achievement on 

EQAO assessments of reading, writing, and mathematics at the end of Primary Division.  

Specifically, it was noted that with reading as the outcome measure, students who 

demonstrated vulnerability on two or more EDI domains had similar frequencies of 

outcome when compared to writing and math outcomes on three or more domains of 

vulnerability.  A practical application of this finding might benefit school board 

personnel trying to determine a threshold of importance pertaining to vulnerability.  For 

example, Principals and Teachers could easily be instructed to take a closer look at 

students who display vulnerability on three or more EDI domains.  However, more 
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research must be done to determine if the contributions of EDI data are unique, or 

whether the EDI is a proxy for socio-demographic variations represented within a student 

population.  

As the number of domains of risk increase, the probability that a student will be 

successful on the EQAO assessments decreases.  Interestingly, the two domains with the 

greatest impact on later achievement are academic in nature (i.e. language and cognitive 

development; communication skills and general knowledge).  The remaining three EDI 

domains are non-academic in nature (i.e. social competence; emotional maturity; physical 

health and well being) and do not appear to have as much of an impact on later academic 

achievement outcomes. 

It would have been interesting to pair the EDI domain measures with non-

academic outcome measures (e.g. social inventory, a physical health measure, or a 

measure of socio-emotional development in Grade 3) instead of looking at a Grade 3 

assessment based on curricular knowledge of reading, writing and mathematics.  

Unfortunately the scope and the budget of this project were limited to available data. This 

highlights the cost and logistical challenges school districts face when attempting to 

assess young students in a multidimensional model of development.   

In the context of discussion about the measurement of school readiness, it should 

be noted that this study depends on the published information about the factor structure of 

EDI domains.  There may be underlying inter-domain correlations that confounded the 

findings of this study.  For example, some items may not have been well framed, or the 

items may have been limited to particular aspects of development.  The role of these 

factors in a model of school entry achievement cannot be definitively quantified on the 
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basis of this study, but is an area requiring further research with improved psychometric 

insight into the EDI and conducted with more varied sample populations. 

Janus and Offord (2007) noted that multiple assessments of children have come 

under scrutiny due to the costs associated with multi-rater, multi-assessment studies 

designed to capture the holistic nature of a child’s school readiness.  In recognition of the 

cost of implementing multiple direct assessments with large numbers of students, the 

authors developed the Early Development Instrument (Janus and Offord, 2000), a multi 

domain, teacher completed checklist of children’s abilities before entry to grade one (or 

school placement at age six).  The major advantage of the Early Development Instrument 

(EDI) is the assessment of multiple domains in one instrument based on behaviours and 

skills that are observable by teachers in a school setting.  The major disadvantage of the 

EDI data is that it has been designed to be aggregated at a community level to provide 

population based information (e.g. community or region) for monitoring improvement 

efforts over time. 

This study demonstrates relationships between the Early Development Instrument 

data and EQAO provincial assessment data through a collaborative professional learning 

model.  The data, the analysis and the partnership framework developed through this 

study provide opportunities for further research in several areas including school 

readiness assessment instruments; non-academic indicators of student success; and 

further inquiry into methods of research dissemination in School Districts. 
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