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Abstract

The four years of EQAO assessments at Ontario eementary schools create a measure of student
achievement at each school. This measure, the percentage of students in Grade 3 or Grade 6 that show
magtery of the Ontario curriculum at their grade level is used as a measure of school success. The socid
and economic characteristics of each school are measured by linking student postal code datato the
1996 census. These socid and economic characteristics explain agreat deal BUT NOT ALL of the
vaidion in school achievement results. Thereis subgtantia variation in student achievement between
schoolswith Smilar socid and economic characteridics. Thisis an important finding. Thisvariation
remainsto be explained Many different socid and economic variables are satistically related to school
achievement results. They include income, parenta education, language, immigration higtory, aborigind
gatus, unemployment, mobility and housing type.
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1 Anintroduction to theinterpretation of elementary school test resultsin Ontario
Standardized testing, a common assessment of student performance across alarge number of
schoolsin ajurisdiction is controversa. Does it improve educationd outcomes?  Isit fair? Isit useful?
In 1996 Ontario joined alarge number of other jurisdictionsin North American in implementing a
standardized assessment of student performance a the elementary level. Parents, teachers, educationd
adminidrators, politicians hold a variety of views on the effectiveness of the process and its usefulness.
This paper presents a satistical analysis of standardized test results from the academic years 1998-99,
1999-00, 2000-01 and 2001-2 . The paper is an anaysis of results reported by grade a a school.
There are up to 24 results on each dementary school in the province, results from the four yearsin two
gradesin three areas. reading, writing and mathematics. There are about 3500 dementary schoolsin
the avallabledata.  Thisisan enormous mass of numbers. What has been learned to this point? |
present below, as a series of questions and answer's, the results of this research to date. This servesas

asummary of today’s presentation.

Question One: Isit truethat school assessment results show an improvement over time
in the learning outcomes of elementary school studentsin Ontario?
It will frustrate readers to discover that this very important question cannot be answered
directly usng the datain this project. Why not? The aggregate achievement level on any assessment
(test) depends on (1) the ahility of the udentsin a given year to actudly master the materid (2) the

congstency of the assessment instrument over time across years and (3) the grading of the assessment



materidl. A higher score could be the result of better learning by students, an easier test or more

relaxed grading of the sametest. The data we have smply cannot distinguish among these three

possihilities

Question Two: | am frustrated! Can't you say anything about whether Ontario students
have actually improved over thelast four years of assessments?

| can state that, if you believe the assessments were correctly designed and were equdly

difficult in dl years and the assessments were graded consistently, then student achievement levds have

increased since the 1998-99 assessment.  In this sense, achievement levels and learning outcomes of

Ontario students have improved. These improvements are statistically sgnificant.

Question Three: | am still alittle bit frustrated. Does all the statistical evidencel am
about to read tell us anything about whether the assessment process
was cor rectly designed and has been consistent over time?

Thereisno direct evidence in this sudy on this question. There are shreds of indirect evidence.
Theindirect evidence is, in my interpretation, in favour of the view that the assessments were correctly
desgned. Thefact that achievement results have risen dowly over timeis indirect evidence that the
observed increase in results actudly reflects better performance by students. They rise dowly, as
would be expected in alarge and complex organization trying to effect improvement. Thereis some
evidence that the exemption processis fairly consstent across boards. Thisisindirect, abeit weak

evidence, of congstency in the adminigtration of the assessments. The EQAO reports a substantia
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effort is put into pre-testing and design of the assessments. It is very encouraging that the EQAO is st
up as an independent entity in terms of design and adminigration. Governance theory tells us that is an
important design feature of the EQAO. We know the EQAO makes a huge effort to grade the
asessments in a consstent way over time. But in the end, the educationd researchers, not an
economigt, has to answer the question: |s the assessment instrument valid> |'s the assessment instrument

consigtent over time? | do not have the expertise to answer these questions.

Question Four: Do the answersto Questions One, Two and Three mean that the
assessment process is useless?

Absolutely not! The assessment process is ot usdless. First, the student and the classroom
teachers do get individua results. These identify strengths and weaknesses of individua students and
individua schools a a much more detalled level. Thisisclearly desirable.

The aggregate results at the school leve that are used in this study are useful for comparisons
between schools. Such comparisons could be across schools on the same assessments or they could
compare improvements across schools where the improvements use the same pairs or groups of
assessments. | conclude that the school-level aggregate results from the EQAO process should be

used to isolate differences between schools.

Question Five When | compar e achievement resultsin different schoolsin my
community, | notice that the best achievement results come from

schools wher e parents are well-to-do and well educated. Isit possible
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to measur e the family background of students at elementary schools so
that we can make a fairer comparison?

The answer to this question isaresounding YES! The Minigtry of Education collected postal
codes of al students at Ontario elementary schools in the years 1999-00, 2000-01 and 2001-02. By
linking the knowledge the location of the sudents' homes through their postal code to very small
geographic units of the census, a very complete and accurate picture can be drawn of the family

backgrounds of students at any elementary school. This can be carried out at low cost.

Question Six: | haveread that good assessment results only occur at schoolswherethe
students come from affluent, well-educated families. Isthat true?

No thisisnot true. Because the answer to Question Fiveis YES, we can adso answer
Quedtion Six. Whileiit is certainly true that there is a strong relationship between avariety of socid and
economic variables and school achievement levels, it isNOT TRUE that good achievement results
ONLY occur at schools where there are well-educated affluent parents. Instead there are schools with
less-affluent and less well-educated parents where achievement results are high and there are schools
with affluent well-educated parents where achievement results are not that high.  The key part of the
response to Question Six isthat good results do not ONLY come at high-income schools. They come
from other types of schools aswell.

This has important policy implications. It isimportant to find out what makes two schools with

the same socid and economic characterigtics perform better on assessments. Thereisalot of



unexplained variation across performance of similar schools. This variation persists year-after-year.!

Family background is not the only determinant of school achievement.

Question Seven: What factorsplay arolein predicting schools with high achievement
levels?

It istrue that higher income levels and more educated parents raise achievement levels. Other
variables matter aswell. These include language variables, measures of unemployment, measures of
mohbility, measures of housing status, measures of immigration, aborigind status and measures of lone
parenthood. All of these varidbles play a datidticaly significant role in relaing to high achievement in

school assessments.

Question Eight: Arethere more questionsto ask about the inter pretation of elementary
school test results?
Yes. This presentation and paper are part of alarger project to understand a variety of aspects

of the interpretation of eementary school test resultsin Ontario.

The remainder of this paper explains how along and careful look at the assessment data leads
you to the questions and answers above. This presentation is part of alarger project. | continue the

andysis with drafts of three chapters from a forthcoming book that describes and andysesthe

Lt isimportant to look a a number of years of resultsin making any school comparisons.
Thereisalot of variation from year-to-year across eementary classes at the same school.
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elementary school testing processin Ontario. The book isto be published by the C.D. Howe Indtitute.
The research is sponsored by the Donner Canadian Foundation. Because the presentation is part of
the larger project, the paper is not organized in the usua academic fashion. From thisintroduction |
move to Chapters 3,4 and 5. Chapter 3 describes in detail the process used to create a description of
your local ementary school. Chapter 4 presents estimates of the rel ationships between socia and
economic variables that describe a school and the level of academic achievement at aschool. Thisis
the heart of the contribution of this research to date. School achievement results can be placed in the
context of their school community. Chapter 5 isabrief discusson of the exemption process.  This
providesindirect evidence on the consistency of the assessment process.  This introduction serves as

the conclusion to the paper aswell. References and a detailed data appendix remain to be written.



Chapter 3: Describing your elementary school

3.1 Introduction

The biggest problem in the analysis of the results of EQAO testing is placing any school
achievement resultsin context. Context could and does mean the year in which the assessment was
written and graded. Although al efforts are made to creste tests and grade tests so that year-to-year
comparisons are possible, the tests could vary in difficulty and grading standards over time. Although
thisis an important issue in making year-over-year comparisons in Ontario as awhole, thisis not the
magjor concern in making comparisons across schools or boards? For this purpose, the context of the
school means a description of the sociad and economic background of the community from which this
school draws its students. 1t is absolutely clear to al the participants and dl anaysts of school
achievement results that the socia and economic background of students plays an enormous rolein the
determination of the success of students. | fully expected to find that the socia and economic
background of students are the most important determinants of success in academic testing. Doesthis
mean that province-wide testing is usdless? Aswe noted in Chapter 2, some participants in the process
have made and do make such arguments. However, the purpose of this research isto ask an
important question: Isthereis ill systematic and interesting variation by school or board after the

variation in results that is explained by variaion in the background of students,? A second way to

phrase this question: Does variation in the socid and economic background of students explain dl or

Thisissueis conddered at length in the next chapter.



virtualy the variation in achievement results across schools? The task of this chapter isto explain how
the variables that measure the family background of students a a particular school are crested. Some
data are then presented to give the reader a sense of how much variation there is across schoolsin
Ontario in these measures. Other researchers are making the effort to measure the socid and economic
background of students at Ontario schools. Thereisabrief discussion toward the end of the chapter of
the Education Quality Indicators Program (acronym EQUIP), apardld effort to describe variation
across schoolsthat is currently underway at the EQAO. The process of creating the data to describe
Ontario eementary schools involves anumber of steps. The process is described in some detail so that
the other users of the resullts generated in this study know both the strengths and weaknesses of the

data set created.

3.2 Thefirg step: school enrolments and the postal codes of students

There is no access to data that describes the socia and economics characterigtics of individual
sudents at aschool. Such datais not collected. 1t would be an intrusion on privecy if it were
collected.® Beginning in the 1999-00 academic year, the Ministry of Education of Ontario collected
and created afile with the number of each gender of students at each podtal code at elementary schools
inthe province. This process was repeated in the 2000-01 and 2001-02 academic years. There are

now three lists containing postal codes and the number of students attending a school from that postal

3In the Toronto Star, May 2003, Marita \VVoll complains that surveys associated with school
testing are “ seeking to extract as much information as possible about Jmmy”.



code.* This datamust be checked before its use.

| summed, over the postal codes at a school, the number of students. Thisis the estimate of
tota enrolment at each school in the Minigtry posta code file. This check reveded small errorsin the
data. | discussthese errors not as acriticiam of the data but as awarning to other users. Thisisavery
large and complex data set. Fird, in thefirst two academic years of the postal code data, there were
some exact duplicates, observations identica in every way. These duplicates were removed. There
were some postal codes with avery large number of students. For example, one postd code a a
school had 2000 girls and no boys, avery unlikely event. Checking by Ministry staff revealed these
codes were typographical errors and these are now corrected. ° Findly, only in the first two academic
years, some observations a schools were “complex duplicates.” A “complex duplicate’ isan
observation at the same school and the same same postal code but with two different observations of
enrolments.  The usua “complex duplicate’ occurred when the first observation listed the boy
enrolment, the girl enrolment and the total enrolment while the second “complex duplicate’ observation
contained the girl enrolment, the boy enrolment and the tota enrolment. Thus the boy and girl
enrolments were repeated and reserved while the total remained the same. | dropped one of these
duplicate observations a random.  The Minidry filesimprove sgnificantly over time. In the 1999
public school file, exact duplicates are 4 percent of the data and complex duplicates are 0.2 percent of

the data. In the 2001 file there are neither exact nor complex duplicates.  Thefiles differ dightly in

4 The Education Quality Indicators Program (EQUIP) also makes use of posta code data. |
briefly describe the EQUIP program later in this chapter and compare the variables created in the
EQUIP data st to the data described below. The EQUIP data are not yet in public release.

® | am grateful to Howard Kim at the Ministry of Education for his help.
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other ways over the three years.

Tables 3-1 and 3-2 present some information about the data from the postal codefiles. Table
3-1 contains the number of schools, the smalest enrolment, the largest enrolment and the average
enrolment in each academic year. Public boards and Catholic boards are presented separately. Look
at the first row that refers to each academic year. Coverage increases substantialy from the 1999-00
academic year to the 2000-01 academic year for both types of boards. Coverage rises again, but not
as much, from the 2000-01 to the 2001-02 academic year. Table 3-2 compares the coverage in the
postal code file in the 2000-01 academic year to the total number of schools and students as reported
by the Ministry for that academic year.® About 95 percent of both types of schools are covered by
postal code information. In the public boards, these schools account for 95 percent of students, in the
separate boards, these account for 92 percent of sudents. The remaining rowsin Tables 3-1 and 3-2
refer to complications around the linking of the postal code data to the census data from the 1996 and

2001 census.’

3.3 Linksto the smallest geographic units of the 1996 and 2001 census
The census asks avariety of questions of Canadians. Some questions are posed to all

Canadians and amore detailed set of questions are presented to a 20 percent sample of Canadians.

® The Ministry website posts 2000-2001 as the latest year of data.

"In the results to this point, only the 1996 censusis used. The 2001 censusis not fully released
of the DA levd. Find rdeaseis scheduled for June 17, 2003.
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The latter group receives the “long form.”®  The census then reports answers to these questions
summarized for avariety of geographic units. Large geographic units, provinces, municipaities and
counties are not useful in the andyss of the characterigtics of families with children a a particular
school. Provinces and municipdities are the census units we normally use and think about.  Fortunately
for this project, the census results are dso presented for very smal geographic units. These unitsare
known as Enumeration Areas (EAS) in the 1996 census and Dissemination Areas (DAS) in the 2001
census. In each case between 40 and 2000 personsreside in an EA or aDA. The average unit
contains about 700 persons. Although we do not know the characteristics of individua studentsat a
school in agiven year, if we know the student’ s postal code we know what EA or DA that student lives
in.  We can know the average characteristics of astudent’sfamily. There are some dight differences
between the 1996 and 2001 census variables, partly due to the questions asked and partly due to the
ongoing release of the 2001 census over the spring of 2003 asthis research is being conducted. There
isaso adifferencein the link between the knowledge of the postal code and the smallest geographic
unitsin the 1996 and 2001 censuses.

For the users of the 1996 census, Statistics Canada provides a postal code conversion file with
weights. About 90% of the weights are unity. This meansthat dl of the persons a that postd code live
inthat EA. When aposta code covers alarge geographic area, then only a proportion of persons

living a that code live in a specific EA. This occurs mainly in rura areas. The weights provided by

8 A description of the census data and links to the forms are found in two volumes: 1996
Census Handbook Reference, Statistics Canada Catalogue No. 92-352-X PE and 2001 Census
Handbook, Statistics Canada Catalogue No. 92-379-XIE. Both can be found at the Statistics
Canadaweb ste.



12

Statistics Canada measure the proportion of people in that posta code who livein that EA. For each
posta code with multiple EAs, we can and do aggregate the EAs using the weights into an “ artificid”
EA with the weighted average characteristics of group of Easlinked to that postal code.  This exact
exercise is not possble using the 2001 census.

Statistics Canada dso provides a postal code conversion file that identifies the DA in the 2001
census with a specific postal codein 2001.  1n 80 percent of postal codes, one postdl codeis linked
to one DA. In the other 20 percent of postal codes, there are linksto severd DAs. However the
2001 converson file has no weights.  Statistics Canada does provide an SLI (Single Link Indicator)
which is set equd to unity if asubstantia proportion of the population of that postal code livesin that
DA. Asarough and reedy guide, if only one such DA istagged, then | smply assume dl of the
population from that code livesin that DA. If two such DAs are tagged, then | placed aweight of 0.5
on each DA for that code. If 3 such DAs are tagged, the each receives aweight of 0.333 and so on.
Any other DAs received aweight of zero (it would be very unusud thet there were any other DAS) .
The largest number of DAs associated with a postal code was 83 (in which therewas no SLI). In that
case and other smilar cases, each DA received aweight of one divided by 83. In thisway aunique
geographic unit is created for each postd code in the 2001 census without waiting for the officia 2001
posta code conversion file with the population weights  One very encouraging outcome of this exercise
isthat the average weight on the converson of aposta code to a DA in the 2001 censusis virtualy
identica to the average weight on the conversion of apostal code to an EA in the 1996 census. In both
censuses about 80 percent of the conversions from postal code to EA or DA are one-to-one.

However thereisathird complication in linking postal codes to the census units.
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Not al posta codesin the school data sets exist in the posta code conversion file. In the most
sraightforward case, dwellings exist in the period from 1999 to 2002 (the school data) that are not
part of the data from the 1996 census. It is even possible that the 2001 academic year contains
students who live a postal codes that are not part of the June 2001 census data. The remainder of
Table 3-1 measures the magnitude of this problem in two dimensions. There is some posta code data
for virtudly al schoolsin the Minigtry data set. The exceptions are 6 Catholic schools in the 1999 data
and 8 Catholic schoolsin the 2000 datathat have postal codes at which students live and in which that
there is no data from the 1996 census. One presumes these are school s built to service householdsin
dwellings that did not exist in 1996. If al the 2001 census data were available, there are no excluded
schools in ether the public or Catholic categories. Only one public schoal is excluded from the 2000
data because of alack of censusdata. We can aso ask how many students are excluded from the
sample because of alack of census dataon their school. A school could contain a mixture of new and
old housing, housing with and without census data. Table 3-2 revedsthat in the 2000 academic year,
postal code data and the 1996 census revedl s the average characteristics of 90 percent of public school
students and 86 percent of Catholic school students. The 2001 census will raise those valuesto 94 and
92 percent respectively. How do we combine the information in the census data with the datain the
postal code file?

For every year where some postal code data exig, it is possible to create school-based
measures based on the responses to the census. Each postal code-EA (or postal code-DA
combination in the 2001 census) combination is weighted by the enrolment a that combination relative

to the total enrolment at that schoadl (the enrolment is determined by the sum of dl the Sudentsliving at
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census-linked postal codes). For example, a school could have only two EAS, one with 60 percent of
the school’ s enrolment and one with 40 percent of the school’s enrolment. Suppose at the first EA,
100 percent of family units are lone parents and at the second EA, none of the families are lone parents.
The percentage of lone parentsin this school community is 60 percent: (0.6 x 100) + (0.4 x 0). This
measure can be constructed for each year of postal codes and for each year of the census. A school
could have up to 6 measures of a given census characteristic or only one measure of this characteritic
depending on the availability of the postal code data. To create the school-based measures, the
different census-based measures from the different academic years and, where possible, the two
censuses are averaged together. This makes sense. The school observations on achievement use
Grade 3 and Grade 6 students drawn from a number of academic years and from the entire period
between the two censuses. The units of measurement in the two censuses are the same®  What

measures of school context are constructed?

3.4 The measures of school characteristics from the census

Immigration and language varigbles

Immigration and language variables are frequently used as context variables for schools.

Indeed in some years the EQAO achievement results are presented for ESL (English as a Second

° The one exception is the measure of family income. Here the 1996 census uses 1996 dollars
and the 2001 census will use 2001 dollars. Thus the second measure is deflated using the Consumer
Price Index.
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Language) and non-ESL students. The census data dlow four variables of this type to be created at
the school level.  Thefirst two variables are the percent of the population in the school population that
is drawn from recent immigrants (excluding immigrants from the United Kingdom and the United
Saes). Onevariadleisthe percentage of the school community that immigrated to Canada within the
last year. The second varigble is the percentage of the school community that immigrated to Canadain
thelast 5years. These two variables gppear in the first two rows of Table 3-3.  Where possible, the
first column of the table is the value of this variable when measured for al of Ontario. The average
vaue, an average over the schoolsin the sample, the slandard deviation across schools, and the
minimum and the maximum vaue follow for each varigble.  The last column atempts to give the reader
asense of the number of schoolsthat Sit at the extremes of the distribution of each variable. A
hisogram gives smilar information Histograms of these two immigration variable gppear in Figure 3-1.
Y ou can see there are many schools where the proportion of recent immigrantsis less than 5 percent.
There are afew schools with avery large percentage of recent immigrants. When immigrants from dl
of the last five years are considered, then the immigrants are much more evenly spread throughout the
school system. It isinteresting that while there are many schools with only afew recent immigrants,
when the immigration window isincreased to 5 years, the average school in Ontario contains the same
proportion of persons who have immigrated to Canadain the last 5 years as the total population.
Ontario istruly a province of immigrants, dightly more so, for areas tha provide the dementary school
population.

There are dso two variables from the census that represent language. Thefird varigbleisthe

percentage of the school community with ether officid language as its mother tongue. The second
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language variable asks if ether officid language is the main language spoken a home. For the province
asawhole, 90 percent of people list an officid language as the language spoken at home while 80
percent of Ontario’s citizens list one of officid languages as their mother tongue. 1n the vast mgority of
schools over 90 percent of students come from a language background that includes an officia
language. There are only 9 schools where less than 50 percent of students would speak neither English
nor French astheir home language. The data appear in Table 3-1. Figure 3-2 is the two histograms of

the language varigbles.

The aborigind varidble:

The census dlows a caculaion of the percentage of the EA or DA tha claims an aborigind
heritage in their background. All aborigina categoriesin the censuswere included. Figure 3-3
presents two pictures of the aborigina population in Ontario schools. The upper pand isahistogram
that includes dl schools. The vast mgority of schools have anegligible aborigina population. Only 80
schools in the entire province contain more than 10 percent aborigina students. Within those 80
schools, 20 percent of the population isaborigind. These schools range from 10 percent aborigina to
75 percent aborigind. Outside of those 80 schools, the lower pand of Figure 3-3 shows the
distribution of the aborigind variable in the remaining 3974 schools. The scae changes from the upper
to the lower panel of Figure 3-3. The proportion of aborigina studentsin Ontario isvery smdl for the

vast mgority of schoals..

Parenta education:
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Schools vary widdly in the educationd background of the parents that form the community that
sends children to thisschool. Thereisagreet ded of detailed information in the census on the
educationd status of persons over 15 years of age living in acensus unit.  The two variables presented
in Table 3-3 and Figure 3-4 present the two extremes of the educational status variables. Oneisthe
percentage of persons over 15 in the school’s community |ess than a high school education. The other
is the percentage of personsin the school’ s community with a least some university education. Almost
48 percent of persons over 15 in Ontario have no high school diploma. However for those in areas
providing elementary school children, the percentage rises to 49 percent. About 25 percent of the
citizensin Ontario have at least some university education but the average percentage across the
elementary school system isonly 21.5 percent. The histogram in the upper portion of Figure 3-4 shows
afairly normd digtribution of the percentage of adults in the community without a secondary diploma.
The lower portion of the figure shoows the usua skewness in the percentage of the population with
some university education. 245 schools draw from a population where more than 40 percent of
persons have some university education. The maximum vaue of the community percentage with some
university education is 70 percent. The scatter plot in Figure 3-5 shows that these two education
variables do not have asmple linear relationship.® Thereisinformation in the extremes of the

distribution of the education variables.

10 The scatter plot uses data from schools with atotal enrolment of 50 or greater. In avery
small school, the percentage of the school population in one category can be highly variable. There are
94 schools with an enrolment of less than 50 and 14 schools with atota enrolment of less than 10.
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Family satus varigbles

The census reports the percent of family units within an EA or DA that are Single parent
families. Thisvariable, like the other variables, istransformed to aschool leve variadble and a
histogram appears as Figure 3-6. The percent of lone parent families living in the e ementary school
postd codes is actudly less than the provincid average. This suggeststhat, on average, family
breakdown occurs dightly later in afamily life cycde. The varigble is one of the more highly highly
skewed variables. Thereisabroad mass of schoolswhere 15 to 30 percent of children come from
sngle-parent sSituations. There are 242 schools with fewer than 10 percent lone parents and 690

schools with more than 30 percent lone parents.

Economic variables

The censusiis able to provide the researcher with two types of direct economic variables,
unemployment rates and income measures.  Figure 3-7 presents the unemployment rates for all
persons over the age of 15 and for persons over the age of 15 with children in the various school
communities. Descriptive statistics appear in Table 3-3. There is again some skewness - afew
schools have very high unemployment rates. Unemployment rates are lower when there are children
present.

There are four possible measures of income in the census. average tota income for dl persons
with income over the age of 15; average total income for al persons aged 15 through 44 with income
(the group mogt likely to have dementary-school children); average household income of households

with two or more persons (an dternative way to include households where e ementary-school students
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may be present); and average census family incomefor dl censusfamilies.  Table 3-4 presents some
indght into these four measures!! Table 3-5 presents the correlation coefficients between these
variables. The four variables are essentiadly identicd.  The measure used is average household income
in households with two or more persons. This seems like the measure best suited to capture the
presence of childrenin ahousehold. Figure 3-8 isa histogram of the measure of income used. Only
63 schools have average family incomes greater than 100,000 1996 dollars and only 7 schools have
average household incomes of less than 10,000 1996 dollars.

Economigts view income as atype of summary gatistic. It obvioudy measures the monetary
resources available to families. 1t dso measures education since the ahility to earn ahigh incomeis
strongly related to educationa status. Income may aso stand in for avariety of unobserved factors.
One might be ability. A second could be inherited wedlth that generates income. It iseven possible
that income could stand in for a measure of politica influence. There is some anecdota evidence that
schools in higher income areas actudly capture more or better resources per student than schoolsin
lower-income areas. Because the measure is a messure of household income, it is also related to the
gructure of households. Figure 3-9 is a scatter plot of the percentage of lone parent familiesin the

school community and the measure of income used. Thereisafairly clear negetive rdationship.

Mohbility and housing variables:

1 Incomeis messured in 1996 dollars. This means that the income is measured in the dollars
earned and spent in 1996. Since the interest is in the comparison across schools, the units of
measurement are not important.
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Although the mobility and housing variables could certainly be considered economic varigbles,
they are presented and used separately. The reasonis practicd. These are variables which could be
measured accurately each and every year a a school without intrusion or significant additiona expense.
In that way, they differ from the other variables listed above. The census asks two questions about
mohbility in the population. The percent of a population within aschool catchment population that
moved within the last year and dso within the last five yearsis measured. It would be easy to collect
the percentage of new studentsin a school at the school level without any use of judgement and without
alarge commitment of system resources. The histograms for the two mobility variables appear in
Figure 3-10. The descriptive statistics for the variables appear in Table 3-3. An enormous proportion
of the population of Ontario moves within a 5-year period - over 40 percent. The variation across
schools in this number is not that large. But only 15 percent of personsin Ontario and in school
catichment populations have moved within the last year. The movement within the last year isaso much
more concentrated at specific schools. There are 418 schools where more than 20 percent of persons
have moved in the last calendar year. There are only 16 schools where less than 5 percent of their
population move within ayear. As noted below, the EQUIP data set will include avery smilar
variable. Itisnot yet clear how often the variable will be updated.

The last variable in the census-based data set relates to housing used by the school community
population. The variable isthe percentage of occupied housing in the school community that are sngle
detached homes. The average value of this variable in the province is 56.8 percent. The average vaue
for the dementary school community is 65.5 percent. There is enormous variation across schools. The

histogram, Figure 3-11, does not ook like any other histogram presented so far. The rangeiswide.
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Thusin thisvariable there is very rich and continuous variation The advantage of this varigble, as with
the mohility measures, isthat it would be very straightforward for this data to be collected every year
by a schoal without an intruson on privacy or Sgnificant cost. Thusif mobility and housing satus
explain variation in test results as accurately as a set of more complicated measures, these variables

can be put into common use.

Enrolment and gender variation

The postal code data rather than the census data alow two further measures of the
characterigtics of the school community. Oneistota enrolment at the school as measured by the postal
code data. The other istheratio of boysto tota enrolment. Both variables are averages from the three
years of postd code data. These variables are included in Table 3-3 and presented in Figure 3-12.
These variables could be of interest for three reasons. A very smdl school ismore likely to contain a
very smal Grade 3 or Grade 6. The achievement data from such a school may be suppressed more
frequently because the grade level data is suppressed when there are fewer than 15 students. A small
school or avery smdl school may have larger variation in the census variables. A school with asmdler
number of students per grade may have alarger variation in assessment results from year-to-year.
There may be issues related to school and grade size concerning variability of both achievement and
context variables.

School szeisavariadble of interest in its own right. From the point-of-view of rasng average
achievement reaults, if there is a school size effect, there could an “optimum” size of school. Thiswould

be avery interesting result. The proportion of boysin aschool does vary quite substantidly. Thereis
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some interest in gender effects on school assessments. It isworth checking if these effects occur in the
agoregated data.  Both total enrolment and the proportion of boys in enrolments are variables aready

collected for the assessment process.

3.6 A =t of interrelated variables

It is clear from the discussion above that the set of variables crested to describe schools are
interrelated.  Two graphs of the relationship between variables have aready been presented, that is,
Figures 3-5and 3-9. Inthis section, acloser look at the interrelationships among al the variables
presented in Section 3.5 ispresented. Table 3-6 presents amatrix of correlation coefficients between
the 16 variables in Table 3-3. All schools are included. *2

There are no red surprisesin the relaionships observed. The two immigration variables are
closaly but not perfectly related, with a correlation coefficient of 0.88. The two language variables are
closdly relaed and have a strong negetive relationship to the immigration variable. The two education
variables, as suggested by Figure 3-5, have a strong negative relationship. There are no clear
rel ationships between the aborigina variable and any other variable. The two unemployment variables
are srongly related. Thereisastrong relationship between being unemployed with children and being a
lone parent. The income measure is quite clearly related to both measures of education and hasa

weeker but till quite strong relationship to the measure of lone parenthood. Since it is a household

12 The correlation matrix is virtualy identical when schools with less than 50 sudentsin their
tota enrolment (94 schoals) are removed from the sample. Thus the relationships are not driven by
outliersin very smdl schoals.
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income measure, that makes sense. Thereis less mobility when there is more detached housing but the
relationship is not as strong as many other relationships in the matrix. This also makes sense,
transactions costs on moves between detached housing would be much higher than on moves between
other forms of housing. People in detached homes will move less. Thereisless detached housing when
there is more lone parenting and more unemployment as well as when there is alower average
household income. There are no strong relationships between either total enrolments at schools or the
ratio of boys to total enrolment.

The census provides avariety of measures of the social and economic context for each
elementary school in the province where there is postal code data. Thisis the datathat is used to place
the achievement results and exemption rates in context in the next two chapters. Before doing this, |
want to remind readers of the EQUIP data being put together by the EQAO. Readers of this literature

should be aware that the production of this datais underway and will eventually be released.

3.7 The EQUIP data

The EQAOQ isfully aware of the need to place achievement results in the context of the loca
school environment. They are engaged in the creation of a data set describing dl Ontario schools, both
elementary and secondary. Only the variables created for dementary schools are discussed below.
The advantage of the EQUIP dataisthat it includes avariety of adminidrative data not otherwise
available to aresearcher. A second advantage of the EQUIP data is the comprehensive consultation
process undertaken as variables were chosen for the data set. A third advantage of the EQUIP datais

that the EQAO is able to base some variables on responses to questions asked of the students being
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asessed as the assessments are given.  This portion of the EQUIP data then directly describes the
subjects of the assessments.  One disadvantage of the EQUIP dataiis their lack of timeliness. The
enrolment used and the postal codes are, as far as has been discussed in the public presentation, use
the 1999-00 academic year.®* In addition, athough the EQUIP program began in 7?72, the data are
gill not in the public domain. A second disadvantage, at least from aresearcher’ s point-of-view istha
the variables that are to relate to school performance have aready been chosen. We actualy want to
know which variables, a least from the available set of census variables, will have the closest
relaionship to achievement results. Table 3-7 isalist of the proposed EQUIP indicator variables that
EQAO expects will be avalable at some point in time.

The variables are organized by EQAOQ into four themes. context, inputs, processes and results.
The context variables are very smilar to the variables congtructed in the earlier part of this chapter.
One difference is the inclusion of an adminigtrative measure of exceptiona studentsin aschool, both
gifted students and specid needs students. To the extent that either being gifted (or being identified as
gifted) correlates to census variables dready created, the census variables may well proxy for such
effects. A smilar satement could be made about a specid needs designation. The EQUIP mobility
measure is the number of schools attended by students since Grade 1. This question, asked when the
student participates in the Grade Three or Grade Six test, would need an obvious adjustment to be
comparable acrosstests. This isamore precise measure of mobility than availablein the census. There

is an income measure congtructed from postal code and census data. There is a parental education

13 Updating may be taking place at the current time. The web Site material does not address
thisissue.
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variable dso congructed from postal code data. These variables must be very smilar to the variables
discussed earlier.

There are avariety of measures of inputs. An attempt is made to measure inputs before a
student reaches aschool. There are responses to questions about pre-school attendance and a variety
of measures of readiness to learn. There are some survey data on school processes, solicited from
schools on processes that may prove useful, issues around school safety, attendance and class size are
addressed.  There will be some measures of teacher and support staff inputs: student-teacher ratios
and teecher qudifications. Findly the EQUIP datawill include the EQAO achievement results. When

the EQUIP data are ready and released, it will be arich and useful data set.

3.8 Conclusons

Thereis enormous variation in the characteristics of dementary schoolsin the province of
Ontario. In the next two chapters, we take combinations of the variables that describe schools and
measure how they relate to two specific variables in the achievement results. The next chapter, Chapter
4, looks a the percentage of students who are achieving at or above the provincia standard. Chapter
5 then looks at the evidence on variation in the exemption process. These two exercises identify what
variables are important in explaining variation in school outcomes on the assessment process.  When
the relationships between context variables from the census and these variables have been estimated,
Chapter 6 discusses the behaviour of schools which do not fit the pattern. This exercise identifies
schools whose behaviour is different from that of smilar schoolsin the province. We will pay specid

atention to relationships usng the two variables easily collected at the school leve - the mobility and
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housing satus variables. If these variables could stand in for more precise variables that can only be
collected only every 5 years, then amore timely analysis of school behaviour should be possble. This

would be very hdpful in the interpretation of elementary school assessments in Ontario.



Figure 3-1: Immigrants in Ontario elementary schools
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Figure 3-3: Aboriginals in Ontario elementary schools
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Figure 3-4: Education levels of adults in
Ontario elementary school communities
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Figure 3-5: The relationship between the education variables
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Figure 3-6: Lone parent families in Ontario elementary schools
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Figure 3-7: Unemployment rates in Ontario elementary schools
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Figure 3-8: Household income distribution
in Ontario elementary schools
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Figure 3-9: Average household income vs lone-parent status
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Figure 3-10: Mobility measures in Ontario elementary schools
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Figure 3-11: Housing types in Ontario elementary schools
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Figure 3-12: Enrolments at Ontario elementary schools
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Table 3-1

Y ear of Postal
Code Data

1999-2000

with 1996 census

with 2001 census

2000-2001

with 1996 census

with 2001 census

2001-2002

with 1996 census

with 2001 census

Number of
school

2185

2185

2185

2460

2459

2460

2563

2563

Public Boards
Minimum  Maximum
enrolment  enrolment

0 2119
0 2119
0 2119
1 1333
1 1322
1 1333
4 1429
4 1428

1429

Average
enrolment

368.1
3518

368.1

3504

342.82

Number of
school

1223

1117

1121

1292

1291

1292

1370

1370

1370

Separate Boards

Minimum Maximum
enrolment  enrolment

7 1887
3 1783
3 1870
2 1810
2 1669
2 1785
3 1677
3 1635
3 1675

35

Average
enrolment

345.79

330.08



Table 3-2
Participation in Postal Code Collection: Academic Y ear 2000-2001

Total number of schools Total number of elementary students
Public Separate Public Separate
in provincial data 2573 1390 958 489 476 256
in postal code sample 2460 1333 905 526 437213
(95.6%) (95.8%) (94.5%) (91.8%)
in 1996 census 2459 1322 865076 409 130
(95.6%) (95.1%) (90.2%) (85.9%)
in 2001 census 2460 1333 905 526 437083
(95.6%) (95.8%) (94.5%) (91.7%)

Source: Ontario Ministry of Education website.
http:www.edu.gov.on.ca/eng/general /el emsec/qui ckfacts/2000-01/index.html



Descriptive Statigtics for Schoolsin Sample (4054 schools)

Table 3-3

Provincia

Variable mean

Percentage of immigrants 528
in Canadaless than one year
Percentage of immigrants 212
in Canadalessthan five years
Percentage with English or 20
French as home language
Percentage with English or 784
French as mother tongue
Percentage with 132
aboriginal status
Percentage of adults without 47.63
secondary school diploma
Percentage of adults with 24.31
some university education
Percentage of children 23
in lone-parent families
Unemployment rate 91
Unemployment rate for 74
persons with children
Average household income for $62,052
atwo or more person household
Percentage of dwellings 56.9
that are detached homes
Percentage of households 14.7
who moved in last year
Percentage of households 431

who moved in last five years

Mean

49

189

91

80.9

16

49

215

214

9.6

$58,824.4

65.5

144

425

Standard

deviation

6.5

16.6

10.7

158

35

9.6

105

8.83

45

$16,190.10

235

10.8

Minimum

0

35.7

241

131

$0

014

24

13

Maximum

75.8

82.6

100

100

75.2

76.9

715

80.5

36.9

$202,355.70

100

79.9

95.8

37

Number of schools
with extreme

2833<5%
4> 40%

723<5%
618 > 40%

2850 > 90%
9<50%

1571 > 90%
209 < 50%

80> 10%

245 >40%
327 <10%

242 < 10%
690 > 30%

360> 15%

296 > 15%

63> $10,000
7 < $10,000

418> 20%
16 < 50%



Table 3-4

Measures of Income

1 Averagetota incomefor al
persons over age of 15

2 Averagetota incomefor
persons of age 15 - 44

3 Average household income for
households of two or more persons

4 Average censusfamily income

Table 3-5

Mean

25,835.00

31,464.00

58,824.00

56,400.00

Standard
Deviation

Corrdation Matrix: Measures of Income

Average total

for all persons
over age of 15

Average total income
for all persons 1
over age of 15

Average total income

for persons of 0.96
age15-44

Average household

income for 0.97

of two or more

Average census
family income 0.98

Average total

for persons of
age15-44

0.94

0.96

Average household

income for
of two or more

0.99

Average census
family income

38



Table 3-6

10

1

13

14

15
16

Percentage of immigrants
less than one year

Percentage of immigrants
less than five years

Percentage of English or French
as home language

Percentage of English or French
as mother tongue

Percentage with
aboriginal status

Percentage of parents without
secondary school diploma

Percentage of parents with
some university education

Percentage of children
in lone-parent families

Unemployment rate

Unemployment rate
with children

Average household income for
two or more persons households

Percentage of households
moved in last year

Percentage of households
moved in last five years

Percentage of dwellings
that are detached homes

Percentage of tota enrolment

Percentage of male students

1.00

0.88

-0.84

-0.80

0.07

-0.07

0.26

0.41

0.43
0.48

-0.15

0.34

0.46

-0.63

0.25
-0.14

1.00

-0.94

-0.96

-0.15

-0.11

0.34

0.31

0.31
0.36

0.02

0.22

0.41

-0.63

0.31
-0.17

1.00

0.96

0.17

0.00

-0.26

-0.32

-0.34
-0.40

0.08

-0.22

-0.36

0.62

-0.25
0.16

Corrdation Coefficients between the 16 variables

4

1.00

0.19

0.08

-0.34

-0.26

-0.27
-0.33

-0.03

-0.18

-0.36

0.60

-0.29
0.17

5

1.00

0.19

-0.24

0.13

0.24
0.21

-0.30

0.11

-0.08

0.10

-0.23
0.06

6

1.00

-0.89

0.22

0.47
0.42

-0.73

-0.02

-0.25

0.03

-0.22
0.06

7

1.00

-0.07

-0.29
-0.24

0.71

0.06

0.27

-0.23

0.24
-0.12

8

1.00

0.68
0.68

-0.50

0.56

0.37

-0.71

0.02
-0.07

9

1.00
0.91

-0.62

0.34

0.21

-0.48

-0.05
-0.03

10

1.00

-0.59

0.39

0.28

-0.01
-0.04

11

1.00

-0.27

0.22

0.20
-0.04

12

1.00

0.75

-0.54

0.07
-0.05

13

1.00

-0.58

0.29
-0.09

14

1.00

-0.21
0.15

39

15

1.00
-0.09

16

1.0



Table 3-7

The Elementary School EQUIP Variables

Community, Student and Family Demographics

1

2,

Student enrolment by grade

Family income levels

Parents’ educational attainment

Language at home and length of residency in Canada of the students

Students with special needs

Number of schools attended by a student since Grade 1

Preparednessto Learn and Early-L earning Support

7.

Attendance in nursery school prior to enrolment

School Leadership

8. Indicators of leadership, planning and decision-making of the school

School Climate

9. A survey related to safety

10. Classsizesof Kindergarten, Grade 1 — 3, Grades 4 — 8 and an indicator of split classes
11. Number of students per teacher and per non-teaching support person

12. Types of special education available

Community-School Relationships

13.

Composition of school council and an index of activities

40



Teaching and L earning Environment

14.

15.

16.

17.

18.

19.

20.

Time allocation to reading, writing and mathematics

Accessibility to texts, other print, audio and video resources and software
Availability of assessment materias

Availability of computers at home and at school

Frequency of teacher meeting to plan and discuss curriculum

Range of parental involvement

Measures of teachers experience and qualifications

Student Achievement

21

Provincial achievement resultsin reading, writing and mathematics
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Chapter 4: An analysis of achievement levelsin Ontario elementary schools

4.1 Introduction

The EQAO datesin itsfirst provincid report, Page 1, “ Assessment of student achievement is at
the heart of our mandate’ (EQAO Provincial Report on Achievement 1996-97) In this chapter, |
begin the andysis of the EQAO data with the achievement results. In the next chapter, | moveonto an
andysis of the exemption process. Both issues are important in the interpretation of the assessment
process. The structure of the achievement datais described in Section 4.2. A comparison of year-
over-year results using the same assessments and then a comparison of results within ayear on different
assessments, reading, writing and mathematics, is presented in Section 4.3, Section 4.4 messuresthe
rel ationships between the social and economic factors that describe a school in the previous chapter and
the achievement data. Some emphasisis placed on the factors that would be readily available at a
school level without the census. In Section 4.5, asample of 10 percent of the schools available on the
EQAO website in 2000-2001 and 2001-2002 is used to create a different set of context variables than
those described in Chapter 3. These context variables are available by grade at the school, the grade
actudly doing the assessment, and not for dl the sudentsin the school. The three EQAO context
variables are: the percent of studentsin ESL programs; the percent of studentsin specia education
programs, and the percent of students who do not spesk English a home. In addition, it ispossibleto
identify French immersion schools. The chapter cdloseswith abrief summary of what we have learned to

date.



4.2 The structure of the assessment data

In each of the four academic years studied, 1998-99, 1999-00, 2000-01 and 2001-02, there
are data from a Grade 3 assessment and a Grade 6 assessment.** These assessments are given to all
students in Ontario at schools that receive public funds. There are three assessmentsin each grade:
reading, writing and mathematics.  The assessments do change dightly in format from year-to-year. An
enormous effort is made by the EQAO to make the assessments comparable from year to year. There
isacongderable effort to monitor testing, including random visits to schools during the assessment
process. Sincethe god isto improve learning outcomes, if the assessment isauseful toal, it needsto
be comparable across years so that learning outcomes can be compared across years. A great deal of
effort is made to make assessments comparable. Thisincludes grading at central locations.
Assessments are returned to students in the following academic year. The results contain more detail
than usad in thisanalyss. Each assessment contains “strands’ which identify the areas of strength and
weekness in learning in a particular sudent or at a particular school. These strands are aggregated into
an overdl score on reading, writing and mathematics for each student.

These reaults are then further aggregated across al sudents at aschool in agiven grade. The
most common case is that a school contains both Grade 3 and Grade 6. Some schools contain only

Grade 3. Others contain only Grade 6. The school level aggregation presents results as percentages of

14 1n these four years, the data are available in machine-readable form. Data are not currently
available in machine-readable from the first two academic years of testing, 1996-1997 and 1997-1998.
In these years only Grade 3 assessments were carried out.
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students in the grade at the school, Grade 3 or Grade 6, in different categories. The percentages are
presented as integers and may not add to100 percentage points due to rounding. If aschool contains
more than one class (which is very common) the results are presented with the classes aggregated. If
there are fewer than 15 students in agrade at a school, then the results are suppressed for privacy
reasons. Results are presented using two methods.

Method 1 (the EQAO terminology) placesdl students a a school into categories. When there
issufficient materid to grade, then astudent is assgned to one of four categories: Leve 1, Leve 2,
Levd 3and Leve 4. Levd 3indicates the sudent is meeting curriculum standards. Leve 4 indicates
that a student is exceeding curriculum standards. The sum of the percentage of students at Level 3 and
a Levd 4 isthe principd measure of the success of the dementary school system used in thisandysis.
These are the students able to carry out tasks in away that clearly indicate the curriculum has been
magtered. The other sudentsin the school cannot carry out these tasks. The other Sudentsfall into
two (or three) further categories. Some students undertake the assessment, provide enough materia to
make the assgnment of alevel possble, but achieveonly aLevel 1 or Levd 2. In ether case, the
curriculum is not mastered.  Some students undertake the assessment but do not provide enough
material to be assessed.® A few recordsin the sysem are actudly lost. Thisisatiny percentage of the
overal number. However, asubstantia percentage of students are exempted from undertaking the
assessment. The exemption process will be considered in detail in the next chapter. The loca principal

decides is astudent is exempt based on criterion provided by the EQAO. The aggregation of results

15 These students are not treated consistently across the 4 years of the data. In the last year,
they are recorded separately. Inthefirst three years, they are recorded as a single group.



used in this chapter’ sanalyssis

Category One(CH): percentage of dl studentsin the grade at that school in either Leve 3 or
Levd 4

Category Two(C?): 100 (percentage points) minus the percentage of students formally
exempt minus the percentage of sudentsat Level 3 or Leve 4 in that
grade at that school. This combines Level 1, Level 2 sudents with the

students that provided insufficient materia to grade and the papers that
arelog.

Exempt(EX): the percentage of dl studentsin the grade a that school formally exempt
from al three tests.
The terms in parentheses are the labels used for these variables in the equations.

The EQAO aso presents resultsin aMethod 2 format. Here the percentage of studentsin each
of Levels 1,2,3,and 4 from the tota of adl students who actualy provided sufficient materia to be
assessed is presented. Recdll that Level 3 and Leve 4 students meet provincia standards. It is much
less clear what this presentation of results might mean. If the exemption process were the only
significant source of missing assessments AND the exemption process is applied consstently across
boards and schools (both hypotheses considered further in the next chapter), then the Method 2 results
might be considered measures of teaching success from the subset of students with the potentid to
succeed in madtering the curriculum.  As soon as this sentence is written, the difficulty of ng the
“potentia” to master the curriculum becomes gpparent. Further discussion of this method of presenting
resultsis deferred to the next chapter. The EQAO itself suggests that the Method 1 presentation is

more reflective of its mandate to help the education system meet the needs of dl children in Ontario.
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The varidble Category 1 (C*) isthe variable andyzed in the rest of this chapter.

4.3 A firg look at achievement results

The data incorporate an enormous amount of information on student achievement and the
assessment process. In this section, overal patterns are presented, patterns of results by year and by
type of assessment.  Table 4-1 shows the number of schools in each year of results and the percentage
of students (averaged across schools) in Category 1, Category 2 (aswell asits two sub-categories) and
in the Exempt category.’® A visud picture of the distribution of the Category One variable across
schoolsin Grade 3 and Grade 6 is presented in Figures 4-1 and 4-2. Figure 4-1 shows its distribution
across years and assessments. Thisvariable ranges from O to 100 percent.  Itsdistribution in Figure 4-
2 isapproximately bell shaped. The percentage of students achieving aLevel 3 or Level 4 gppearsto
have increased over time.  The school achievement results congtitute an enormous data set over time
and across schoals. 1t is necessary to look for patterns to provide a useful interpretation of this
enormous mass of results.

Oneimportant tool used in thisanalyssis aregresson andyss on dummy (indicator) varigbles.
A dummy variable takes on avaue of unity when an assessment result a school “i” , an assessment of

type*|’ - reading, writing or mathematics- in year “t” isamember of a group that shares a common

16 Appendix Table 4.1 shows adightly different breakdown of this data where the percentage
of sudents involved in the assessments in each of the three categoriesis presented. Thisdatais found in
the Provincia Reports in each year. The units of observation available for this study are schools (usudly
with multiple classes in a school). The difference between the two tables will bein the fact that a student
a asmadl school is more heavily weighted in Table 4.1 and dl students are equdly weighted in
Appendix Table4.1. Thisdifferenceisnot very important.
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characteristic. The vaue of the dummy is zero when the observation is not amember of the group. The

variable C', ; | (the percentage of studentsin Category 1) in the equation

Chit= a + dig Digge + Oyoo Dagoo + hooos Daoon + He + Uy (4-1)
is described by abase value a and a series of shift factors, the interactions between coefficients and
dummy variables. Thistype of equation will appear repestedly in the andysis and needs to be
understood. In equation (4-1), this example, theindicator or dummy variables are associated with a
year in which the assessment takes place. D, 99 iS ONe for an assessment drawn from the 1999-00
academic year and zero in other years. The group studied is al assessmentswritten in 1999.  d, gy IS
the coefficient on that dummy variable. Suppose the value of d;gq iS 7. This meansthat in 1999-00
about 7 percentage points more students achieved either aLeve 3 or Leve 4 results on the assessment
than in the base year, 1998-99. The base year in equation (1) is the year for which thereis no dummy
variable, in this case an assessment given in 1998-99.  The coefficients on the other dummy variables,
0,000 @Nd dygp; have Smilar interpretations. If equation (4-1) is estimated, and al these coefficients were
positive, then assessment results have improved since the base year. If the coefficients on the dummy
variables were to increase each year, then assessment results are improving over time.

A very useful way to think of Table 4-1 isthat the achievement results are grouped by the year in
which the particular type of test was given. For example in the Grade 3 reading assessment in 1998-99,
43.17 percent of students (averaged across schools) achieved aLevel 3 or Leve 4. 1n 1998-99, the
vaue of dl of the other dummy variablesis zero. The percentage of students achieving aLeve 3 or

Leve 4 then increased subgtantialy in 1999-00, fel dightly in the following year and then increased again
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in 2001-02. Figure 4-1 shows the improvement in results. It isagraph of the second column of Table
4-1 organized by year. Itisan interesting graph. It does show an improvement in time in the assessment
results. However, asin dl andyses of data, it isimportant to know the likelihood that the changein
resultsis Satigticaly sgnificant and not just due to random changes. To ascertain what has happened, it
IS necessary to return to equation (1) and estimate the 4 parameters of equation (1) with the appropriate
technique. Using the gppropriate statistical technique isimportant to getting the correct answer to the
question: Are the changes in assessment of statistical significance so that the improvement from year-to-
year isnot just luck.

The problem isthat the data set for school results is not one where all assessment results are
independent. A roll of adieon afair dieis part of a sequence of independent events. Observing asix
on your firg rall of the die generates no information about the probability of observing a six on the next
roll of thefair die. However, when we observe a school with a high value on areading assessment result
in one year, a high vaue of the variable C' in 1998-99, we know much more.  Various factors would
contribute to that high resultsin 1998-99 in reading. Some factors would be associated with the class -
ether the mix of students or the teacher. These would then affect both the mathematics and the writing
resultsin 1998-99. Some factors would be associated with the school. Some may be associated with
the teecher who may stay another year, and the same families and types of families send children to the
Grade 3 at that school in subsequent years. The school-level factors do not change from 1998-99 to
1999-00. Thuswe would expect a high vaue of C* in an assessment at a school to be associated with
high vaues of other assessments a that school both in the same year and in other years. Thisistrue

across years of data on the same assessment for the same school and within the year on different
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assessments in the same grade at the same school.

A correct estimate of the parameters of equation (4-1) can pull out the year-over-year effects.
The key is understanding the behavior of the level of the assessment result on assessment j a school “i”
inyeart. Itiscomposed of the sum of the constant term, a and the coefficients on the three dummies
multiplied by the values of the dummies for that observation and the sum of two random terms: |5 + U ;
. Thefirg random term, ., isthe school effect that perasts a that school (school i) over al the yearst
where we have aresult at that school. We are not able to estimate that effect directly in this equation.
But that effect does change the estimates of the standard errors on the coefficients of interest, the
esdimateof a and thethreeestimates of d. Hereistheintuition. We want to know if the mean vaue
of the assessment result is actudly different in 2001 than in 1998. Thisisan esimate of dyy; 1t l00ks
like we have about 3500 different observations of each assessment result in each year (one for each
school). However, if there was aresult from every school in every year,12 of those results are linked by
the fact they occur a the same school. The results are not fully independent pieces of information on the
assessment process. The joint error term at each school is a portion associated with the school ( s )
and another portion that is random at that school inthat year (Y ; ;). Inthelanguage of the satitical
estimator, each school isa“clugter.” It is draightforward to take the clustering effect into account, see
Desgton (1997), chapter 2, for the details. When the clustering is taken into account, the standard errors
of the a coefficient and the group of d coefficients are correctly estimated and we can then ask about

the behavior of the assessment results over time.t’

17 The command in Stataiis regression with the option “cluster”. The correction to the standard
erorsisdiscussed in detail Deaton (1997) and in the Stata manuas. (Stata)
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Table 4.2 presents estimates of the behavior of the results on the same assessment over the four
years. The estimates of the coefficients and their standard errors appear for each assessment. Notice
the standard errors are quite large for the number of observations. It is quite difficult to tightly estimate
the average vaue of Ct inayear. Test of avariety of null hypotheses areimplicit or explicit in Table 4-
2. Inthefourth column, the null hypothesis asksif the 2000-01 assessment and 1999-00 assessment
are equdly different from the 1998-99 assessment.  The second column asks if the 2001-02 and 2000-
01 assessments are equally different than the 1998-99 assessment. The last hypothesis test asksiif the
2001-02 and 1999-00 assessments are equally different from the 1998-99 assessment. Tests of three
null hypotheses are presented in listing the coefficients on the dummy variables for each academic year
other than 1998-99. Findly the standard errors on the coefficients in the first three columns ask directly
if the assessment resultsin 1999, 2000 and 2001 differ from the 1998 results. When these coefficients
on the dummy variables are more than 2 times their standard error (the values in parentheses) then
assessment results in these years are higher than in the base yeer.

What islearned from dl this? It isvery clear that average results across the four years on the six
testsare usudly different. For example, the Category 1 varigbleis, on average, 4.29 percentage points
higher in 1999-00 than in 1998-99. Reading levelsin Grade Three gppear to have improved from
1998-99 to 1999-00. Notethisisonly the appropriate interpretation if the assessment wasequa in
difficulty and graded in the same way in dl of theyears. Certainly that isthe god of the crestors of the
assessment. | will use that language for convenience, readers will smply have to recdl that a higher vaue
of Category 1 could aso be the result of making the assessment easier or giving a higher scoreto the

same work. Thereisno way in these results to separate these two hypotheses. | leave that discusson
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to the expertsin the education field thet will and do work with thisdata. Even with this caution, the
results presented in Table 4-2 are very interesting.

Firg it is clear that most of the assessments, 15 of 24, generate a different average than the 1998
base. In generd the vaues of the coefficients on the dummies are positive and sgnificant (there are no
negeative and significant coefficients). So the ability to master the curriculum appears to have increased
since the 1998-99 assessment.*® It is quite promising that the coefficient on the 2001 dummy isthe
largest of the three coefficients estimated in 4 of the 6 cases. These Grade 3 and Grade Six students
would have been in dementary schools since the beginning of assessmentsin 1996-97. Inthis
interpretation, the emphasis on accountability and a clearer curriculum resulted in stronger assessment
results. There are two exceptions to the improvement in results. The Grade 3 mathematics assessment
result in 2001 was significantly lower than that in 2000-01. The same statement can be made when
comparing the 2000-01 Grade 6 mathematics assessment to the 2001-02 outcome.  The drop isquite a
bit smdler than in the Grade 3 case. However the reading and writing scores seem to be improving,
both relative to 1998-99 and even over the 3 subsequent yearsin most cases. These improvements are
datisticadly sgnificant conditiona on the validity of the assessment and its grading, thet is, the assessment
of the assessment. | would say that the likelihood that the assessments are exactly comparable is not
high. Otherwise it isdifficult to account for the two dropsin scores in mathematics.  Itisfarly
graightforward to think of a Stuation in which an assessment was accidentaly increased in difficulty. Itis

harder to think of a Stuation in which alarge sample of fairly smilar children and teechers reduce their

18 1t would be very interesting to have the data from the 1996-97 and 1997-98 Grade 3
assessments. This data are not available in machine-readable form (or in any direct form) by school.



52

performance from one year to the next - did they unlearn previoudy successful teaching techniques?
For this reason, using the assessment results to evaluate relaive school success, an exercise undertaken
in Chapter 6, may be a more promising use of the assessment process.  The variaion in assessment
results over timeis critica component of the ability to any analys's, including the andysis of the effects of
context on relative school outcomes.

A very smilar equation to (4-1) is

Chiit= @ * duite Dwite * Oman Dman * s + Uiy (4-2)
Noticethat in Table 4-3 the base test isthe reading test and that equation (4-2) is estimated separately
for each year of results. Table 4-3 makes it very clear that within ayear the assessments have different
average vaues of the variable Category 1.  In the same manner as the estimates of equation (4-1), the
estimates of equation (4-2) tell usthat Grade 3 students, in every year, were more likely to achieve a
satisfactory leve of achievement in writing and mathematics than in reading. By Grade 6, this differences
appear to be reversed, athough the differences are much smdler. It isinteresting that by Grade 6, the
reading disadvantage is reversed and the reading and writing skills gppear to have become relatively
worse. The differences remain datidicaly sgnificant. Again the differenceis difficult to interpret. If the
assessment instrument is a good instrument and correctly measures the need of students to magter the
curriculum, then these dummies sate that in dl years Ontario students are relatively better a writing and
mathematics than at reading. By Grade 6, these differences are much smdler and in many years not
sgnificant. For the purpose of understanding the effect of socid and economic factors on achievement
results, it isimportant to take into account variation in the mean assessment result. Measuring the effect

of socia and economic factors on educationa outcomesis the next step.
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4.3 What socid and economic variables from the census best explain achievement results?

In Chapter 3, along list of socia and economic variables that describe the context of a school
was condructed. Itisunlikely that dl these factors are equaly important in explaining varigion in
school results. Some of the factors are near duplicates of one another. 1t was aso noted that some
factors could be easily and inexpensvely measured at a school level. Therewas was a suggestion that
particular attention be paid to these factors. The same datistical issue that arose in the estimation of
equations (4-1) and (4-2) arises in the estimation of the relationships between context factors and
achievement results.

As noted earlier in this chapter, in the “usud” Stuation in Setigtics, each observation of an event
is congdered to contain new information. Therall of the die was the example of such agtuation. The
censusis another example. Because dl Canadians are included, the age of each person in the census
provides some useful new information about the exact average age of Canadians.  Admittedly, when the
sampleisvery large, the additiond information is not very useful. In the setting of equations (4-1) and
(4-2), we have many observations of assessments, up to 24 at a specific school (12 Grade 3 and 12
Grade 6 assessments). There are about 3400 schools.™ It looks like there are up to 3400 x 24 =
81,600 observations of the effect of school variables on achievement. In asense, thisistrue, dl of this

data contributes to our knowledge about the relationships between the results and the school variables.

191t is more complicated than this since some schools have only Grade3, others only Grade 6
and most have both grades.  Some school s are French immersion schools and can opt out of
assessment in the non-immersion languages in some years. About 75 percent of the schoolsin the
sample contain results from al years of assessments. The data st is quite untidy.
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But it is necessary to be much more careful. A given school shares, over dl assessment results, the
context information that describes the school.*  Not dl of the information about the relationships
between results and school factors from agiven school is“new” information. Thisfact must be taken
into account in estimating these relaionships.

The equation

Clj,i,t: a+ Oeg Dg + B Xi+ ac + Y, (4-3)

is now the equation to be estimated. There is a congtant term in this equation but it does not have a
smple interpretation as the average value of C* on the base year for that type of assessment.?

However the coefficients on the 11 (or 23) dummy variables in each equation do have a clear
interpretation, they measure the change in the percentage of students achieving Level 3 or Leve 4 on the
test that dummy variable represents. Thisincreasein the achievement leve is, asin (4-1) and (4-2),
relative to the test not included in the set of dummy variables. The resultsin the previous section (Tables
4-2 and 4-3) told usthat it was very important to dlow the different assessmentsin different yearsto
have different average results. These effects areincluded “in passing” in estimating equation (4-3).

These effects are not of centra interest.

20 There is some class-specific data on the EQAO website on the context of ayear at a school.
A sample of that datais used below as a check on the census data.

21 The congtant term is the average achievement on the base year and base type of test
evauated at the “average’ school - average in the sense of the context variables. The congtant term no
longer has a ussful direct interpretation.
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The central issue isto relate the context variables to school achievement results.  Imagine that X;
isone such variable. Notice that its value at school “i” does not vary by year of test. All the years of
assessment are mply years between the censuses. The census variables were averages from the postal
code |ocations of the students in 3 academic years. The value of the parameter 3, in equation (4-3) is

ameasure of the relationship between the result, the value of Category 1 in an assessment at a school,
and the value of the variable X at al schools. To be concrete, suppose that X; wereincomein
thousands of dollarsand C! isthe percentage of studentsat Level 3 or Level 4. A vaueof B, equd to
.002 means that as average household income increases by 1000 dollars, then on average across dl
schools and assessments, the value of C2, increases by 2 units or, 2 percentage points more students
achieve the provindd curriculum.  Thevaueof 3, isestimated usng an ordinary least squares
regresson of equation (4-3). Its statistical sgnificance must aso be determined.

The problem considered in the previous section, school clugtering, also arisesin deciding if X; is
an important varigble, that is, is (3, different from zero. The standard error of the estimate of 13, is
critical in testing this hypothesis. Becausethe error termin (4-3), ac + U, isasum of the school-
specific random effect and arandom effect associated with that class at that school in thet year, the
estimates of the standard error of (3, must take this effect into account. When equation (4-3) is
estimated over 3500 schools and 12 Grade 3 assessments at each school, there would be a constant

term, 11 dummy variables for the 11 tests and, in this example, just the one context variable, X;.% In

22 |t may be of interest to the reader to know just how large theimpact of clustering is on the
gtandard errors of the coefficient 3. If equation (4-3) isestimated using OL S and without a
correction to the standard errors for the school-clustering effect, the coefficient on the leve of income
as the context variable for Grade 3 results is 7??7? with astandard error of ????. When the school-
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redity, there is more than one context variable, the list of possible context variables using the census was

presented in Chapter 3. If there were two context variables, then the equation estimated is:

Clj,i,t: @+t Oey Deg + B X§ + B X5+ ac + Uit (4-4)

Thereisno reason to limit the analysis to two context variables. We had along list of possible variables
in Chapter 3.

The biggest problem, aready noted in Chapter 3, isthat the various socid and economic
variables are closdly related. Tables 4-4, 4-5 and 4-7 present relationships between various
combinations of the variables and the percentage of students achieving Levels 3 or 4, the variable called
C'. Table4.-410oks a the Grade 3 assessments, Table 4-5 looks at Grade 6 assessments and Table
4-7 presents results that combine the information on the two assessments over dl schools. The generd
format of the equations estimated now follows equation (4-4) dthough there are more than two context
variables. When the equation is estimated with just Grade 3 assessments, then there are 11 dummy
variablesfor 11 of the 12 assessments. In the Grade 6 case there are d'so 11 dummy variables. In
Table 4-7, when the effects of socid and economic variables on achievement is measured using both
Grade 3 and Grade 6 assessments, then there are 23 assessment-related dummy variables. These
variables are dways satisticaly sgnificant. The coefficients on these variables are not presented.

Beyond the assessment dummy variables, what socid and economic variables best explain varidion in

clustering effect is taken into account, the correct estimate of the standard error is ????. Thisisan
important correction to make. (TO BE ADDED LATER)
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school results? An equdly interesting question to ask: How much of the variation in achievement results
can be explained by socid and economic variables?

The Grade 3 assessments are studied using the results found in Table 4-4. The answer to the
second question: How much of the variation in achievement results can be explained by socid and
economic variables? is discovered in looking at the R (R-squared) that appearsin the last line of Table
4-4 for the various versions of equation (4-4) estimated.  If the R? were unity or close to unity, then al
of the variation in assessment results would be explained by the socid and economic context of the
school. Thisissmply not the case. In the “best cass” about 25 percent of the variation in achievement
resultsis explained by the socid and economic context of the school. Fully 75 percent is unexplained.
ThisisNOT asurprisng result. Kane and Staiger (77??) show that in with individua student assessment
results, there is so much variation across the individuals at the primary level, that socid and economic
factors necessarily do not fully explain achievement results. However, it is still necessary to take out the
predicted effects of socia and economic factors, to make the school achievement results meaningful and
comparable across schools.  What factors make a difference?

Thereare only afew surprisesin the list of socid and economic factorsthat are related to strong
achievement results. The coefficients on these factors are presented in the second and third columns of
Table 4-4. Standard errors (corrected for the clustering effect) appear in parentheses beside each
coefficient. The coefficient on each variable is the effect of a one unit change in that variable on the
achievement level in grade 3 - the average over the three assessments. If there are alarge percentage of
lone parents in a schooal, then achievement resultsfal. Thelast column (8) of the table helpsto scae the

results. It takes the estimated coefficient and caculates for a one-standard deviation change in the value



58

of the variable, how largeisthe predicted effect on school achievement levels. For example, in the lone-
parent variable, the average e ementary school community has 21.4 percent lone parents. The standard
deviation of the lone parent descriptive variable is 8.9 percentage points. This means 66 percent of
schoolsfal within one standard deviation of the mean vaue of avariablein most cases. So a a school
with 8.9 percentage points more lone parents than another school with the average percentage of lone
parents, al other school context variables being the same, the achievement score would be predicted to
fal by 1.07 percentage points (from the last column in Table 4-4).  Therest of the table isread in the
sameway.

If alarger percentage of the school community spesks one of the officid languages, then
achievement resultsincrease. If alarger percentage of the school community is aborigind, then
achievement resultsfall. If alarger percentage of the school community is arecent immigrant to Canada
(inthe last year), then achievement resultsrise. Thisis actudly quite a strong effect and somewhat
counter-intuitive. Maost people would think immigrants would have difficulty on a sandardized teg, in
most cases, they are not being taught in their home language. However, the immigrant effect is measured
diter the language effect is dready taken into account. The positive results of recent immigrantsis likely
because immigrants to Canada are not a random sample of personsliving in the country they just |eft.
Instead immigrants are precisaly those people willing to make a move to improve their situation. Such
persons are often moving to help their children to a better opportunity set. These children do well in

school dl dse being equd.

23 An even more cheerful interpretation would be that the Ontario school system meets the
needs of these immigrant children very well.



59

There are three economic variablesin the set of context variables. They are the percentage of
the school community living in detached housing, the average income of the school community and the
unemployment rate in the school community. These variables have the expected effects. If thereismore
detached housing, achievement levels are predicted to rise. If income increases, achievement levels are
predicted to rise. Thereisan additiona note concerning theincome variable. The varigblein the
esimated rdaionship is actudly the naturd logarithm of income dthough the leve of averageincomeis
included inthetable. Income is highly skewed to the right (see Figure 3- 8). The logarithm of income
has amore normd distribution. To understand the effect of income on school results, consider a
doubling of average income from one school to the next. If we started at 59,000 dallars, this would
move aschool community to an average income of $118,000. Thisisan enormoudy high average
income. Thelog of income variable would increase by .67 units and the predicted achievement level
would rise by 4.8 percentage points. Thisisavery large effect. Schools do vary widdy in the level of
average income in their school communities. The last economic variable is the unemployment varigble.

If there are more unemployed household units in the school community, achievement levels are predicted
tofal. Thisisindependent of the reduction in income associated with unemployment.

Both mobility variables are Sgnificant explanatory variables on the leve of acheivement in Grade
3 assessments. Anincrease in ether the percentage of the school community that moved in the last year
or even in the ladt five years reduces achievement results. Thefirgt effect is much stronger than the
second effect.

Thereis, as expected, avery strong effect of parental education background. Thisisthe second

most important variable in practice, after household income. If the school community has alarge
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percentage of adults who have not completed secondary school, then achievement results are lower.
Using the metric of the last column of the table, this result is quite strong - if there are 9.5 percentage
points more adults without a secondary diploma, then achievement results are predicted to fal by 2.47
percentage points. Similarly if there are 10.5 percentage points more adults with some university
education, then achievement results are predicted to rise by 2.31 percentage points. A swing in aschool
community reducing the percentage of the adult community from 10 percentage points without a high
schoal diplomato an increase of 10 percentage points in adults with some university (avery plausble
change in a school community) would move predicted achievement results by 5 percentage points.

It was noted earlier that three of the variablesin the list above are very easy to collect a the
school level. They are the one-year mobility measure, the language variable and a measure of the
percentage of the school community that lives in detached housing. If these three variables were asked
and were able to do dl the work in the explanation of school achievement results, then it would not be
necessary to collect the other variables. Unfortunately thisisnot thecase. The R? fdlshby alarge
amount when only three varidblesare used.  The other variables clearly play an interesting role.

Thefina variableincluded in the base case is ameasure of school enrolment. Thisisincluded
because of the controversy in educationd policy about aschool sze effect. 1t seems clear that the effect
of school Sze on achievement is not Satistically significant.

Table 4-4 dso presents estimates of the models with interaction variables on the type of
assessment. 1t need not be the case that the effects of lone parenting on reading, writing and
mathematics assessments are equal. An interaction variable is the product of the lone parent varigble

and the dummy variable by type of assessment. The coefficient on the interaction variable measures the
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interaction effects. Some of the coefficients on the interaction varigbles are Satistically different from
zero, othersarenot. Thereis no interaction effect of lone parenthood or of immigration. Thereisno
interaction of enrolment by assessment. There are quite afew significant interaction effects on
achievement in the mathemeatics assessment. Rather oddly, high income and well-educated parents (the
two are related) are associated, through the interaction effect, with lower mathematics scores. High
unemployment and alarge aborigind component also have a differentid effect on math scores.
Language has a differentid and negative effect on math scores. It is quite interesting that the language
component reduces math scores differentialy. Most of the Sgnificant interaction of coefficients are the
mathemétics column, there is rdatively little differentiation in the reading versus writing column. Thet is
what you would expect to see, presumably reading and writing skills are more closdly related to each
other than to the sKkills needed to master mathematics. Are the interaction variables worth adding to the
explanatory equation? The increase in explanatory power with these variablesistiny. Theincreasein
the R isvery smdl (in thethird decima place). Mogt of the time, the base modd with dl the variables
remains the modd of choice.

The second last column in Table 4-4 presents results for abaanced sample. Thismeansal the
schools used in the analysis participated in dl the assessmentsin Grade 3. The effect of the income
vaiableisalittle bit larger and the effect of the one-year mobility isalittle bit smdler. The effect of the
low-education varigble is dightly larger, the effect of the high-education variable dightly smdler. Itis
noteworthy that a swing of the 10 percentage points from adults with less than a high-school educeation to
those with some university education would have a smilar effect. Having gone through the Grade 3

resultsin some detail, it will now be quicker to go through the Grade 6 results.
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There are some small differences between the Grade 3 and Grade 6 results. There are even
fewer interaction effectsin the Grade 6 results The inability of the smple modd with language, mohility
and housing variables to explain the datais even more pronounced. The balanced sample and the full
sample now produce virtualy identica estimates of the relevant coefficients. And there are some
sgnificant changes in the role of the explanatory variables. The lone parent variable continues to reduce
scores. The language variable now plays no role in any specification. That is an interesting resullt.
Ontario school boards, in their handling students from a non-officia language background, by Grade 6,
creste a Stuation where these students have an equal success rate to students who do operate in an
officid language. The immigration effect is even more pronounced in the Grade 6 data, schools with large
numbers of immigrants do better. The immigrant effect is particularly strong in the mathematics
assessment. A large proportion of aborigindsin aschool community continues to lower average scores.
The economic variables continue to matter. Higher average incomes raise scores, higher unemployment
rates lower scores. More detached homes raise scores. The one-year mobility variables |owers scores
asinthe Grade 3 case. It isalittle bit interesting that the five year mobility variable has no effect. Thisis
achange from the Grade 3 results. Thereisadso avery interesting change in the effect of parenta
education. The percentage of the population without a high school diplomano longer has an impact on
Grade 6 assessments. The percentage of the adult population with some university education has avery
strong impact on achievement results.  The coefficient istwice aslarge asin the Grade 3 case.

The overdl ability to explain Grade 6 achievement resultsis comparable in the Grade 3 and

Grade 6 cases. The R is about 28 percent in the models, dightly, but not alot higher than the
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equivadent value in Grade 3.

In Table 4-6, aformd test of the equaity of coefficients of a variable on the Grade 3 and then on
the Grade 6 achievement result is conducted. The model is estimated using Grade 3 and Grade 6 results
together. An interaction variableis created as the product of adummy variable equa to one when the
assessment is drawn from the Grade 6 group and the socid or economic variable in question. The
coefficient on that interaction effect is reported in the second column of Table 4-6. Most of the
coefficients on the interaction dummies are not Sgnificantly different from zero. Thisistruefor the
language varidble, the aborigind varidble, the immigration variable, the housing varigble, the mohility
varables and the unemployment rate varigble. However, it is not true for the three most important
variables, income and the two education measures. This difference means that separate models of Grade
3 and Grade 6 assessments is the appropriate strategy in the interpretation of Grade 3 and Grade 6

achievement results..

45 The context variables provided by the EQAO

The EQAOQ isfully aware of the need to provide context for achievement results. In the results
posted on their website for 2000-2001 and 2001-2002, there are either 4 or 5 context variables
provided. These are provided by grade rather than by school. Thefirst variable is the percentage of
students enrolled in English as a Second Language (ESL) programs. The next variable is the percentage
of students receiving specid education support. The next two variables are measures of the language
spoken a home, ether the percentage of students who said they only or mostly spesk alanguage other

than English a home or that they spesk alanguage other than English as often as English at home. These
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are measure of the language context of the student. The find variable can be inferred from the website,
Results are reported separately for French immersion students as well as by gender, for ESL and for
Specid Needs sudents. Thusit is possible to identify French Immersion schools. We know these
schools do draw parents who particularly wish their children to have an opportunity to operate in a
second language. This may have an effect of school outcomes, particularly in the absence of any other
measures of socia and economic characteristics of parents. A sample of 400 schools was created from
the website data®* However the equation (4.4) can be estimated for the 400 schools and the EQAO set

of context variables. The results gppear in Table 4.7.

COMMENTSON TABLE 4.7 and Table 4.7 TO BE ADDED LATER

4.6 Conclusions

There are three conclusons to be drawn from the analysis to this point. First, socid and
economic varigbles (as wdl as dummy variables that control for differences in mean results on
assessment) do not explain al the variation in school achievement results. Thereisresdud variation
across schools. This means that different schools take students with similar backgrounds and produce
different results.  Second, dthough the relationships are very smilar between socid and economic
variables and the achievement results on Grade 3 and 6 tedts, they are not identicd. It isimportant to

andyze the Grade 3 and 6 results separately.  Third, the cheap and easy route to placing the school

2The webdte datais not in machine-readable form. This data had to be entered and checked
by hand.
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achievement resultsin context does not work. Y ou really do need afairly complete set of background
varidbles. Inthe end, placing the school achievement resultsin context requires a reasonable effort. It is
not an impossible task. But it isa substantia task. 1n the next chapter, the exemption rate is andyzed.
Then in Chapter 6, | return to the achievement data and use the estimated rel ationships between the

achievement data.and the social and economic variables to identify outlying schools.



Percent of students at Level 3 or Level 4

Figure 4-1 Average Achievement by Assessmentand Year
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Table4-1

Academic Year

1998 - 99
Grade 3
Reading
Writing
Mathematics

Grade 6
Reading
Writing
Mathematics

1999- 00
Grade 3
Reading
Writing
Mathematics

Grade 6
Reading
Writing
Mathematics

Percentages of Studentsin Each Category

(averages across schools)
Number of Sum at Sum at
Schools Level 3and4 Level 1land2
(%) (%)
3,548 4371 46.62
3,548 50.81 41.62
3572 54.27 38.90
3,339 4857 4432
3,343 47.66 4402
3,339 4641 47.26
3,567 48.00 39.71
3,567 50.68 3857
3,592 55.82 36.37
3,373 50.61 39.95
3,373 48.09 4254
3373 51.46 40.16

Residual
Category
(%)

3.07
259
198

259
4.19
199

5.38
4.75
244

431
4.38
339

Exemption
Rate
(%)

6.57
5.33
4.84

4.37
415
419

6.90
6.00
5.37

5.13
4.99
4.99
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2000 - 2001
Grade 3
Reading
Writing
Mathematics

Grade 6
Reading
Writing
Mathematics

2001 - 02
Grade 3
Reading
Writing
Mathematics

Grade 6
Reading
Writing
Mathematics

3,498
3,498
3,521

3,242
3,242
3,242

3341
3334
3,370

3,198
3,198
3,200

47.67
50.20
58.36

53.73
51.76
53.88

49.29
54.06
56.57

54.35
5247
5321

3845
3744
3157

3831
39.03
3831

36.25
36.16
3187

A3A
38.77
35.98

8.01
7.10
5.46

413
541
4.07

7.38
354
557

581
351
543

5.97
5.32
4.68

392
3.86
3.85

562
5.08
444

4.22
4.13
4.02

69
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Table4-2
Vaiation in Achievement Results Across Y ears
- percentage of students achieving Level 3 or Levd 4 -
Coefficients on dummies® Prob values on tests of equality of coefficients?
199900 200001  2001-02
Column # 0 @ ©) 1) to(2) (2)t0(3) 1) to(3)
Grade3
Reading 4.29 3.96 557 0.27 0.00 0.00
(28) (:30) (33
Writing -0.13 -0.60 324 0.10 0.00 0.00
(28) (.30) (.30)
Mathematic 155 4.09 2.30 0.00 0.00 0.04
(32) (.35) (.38)
Grade 6
Reading 2.03 5.16 5.78 0.00 0.04 0.00
(28) (31) (32)
Writing 042 410 4.80 0.00 0.01 0.00
(.28) (31) (.30)
Mathematic 504 747 6.80 0.00 0.05 0.00
(32) (.35) (.36)
Notes:

1. Standard errors are in parentheses.
2. TheProb Vdue a which the null hypothesis that the coefficient in the second column
differs from the coefficient in the first column.



Table 4-3

Variation in Achievement Results Across Tests
- percentage of students achieving Level 3 or Levd 4 -

Coefficients on Coefficients on

Year Writing Dummy* Mathematics Dummy
Grade3

1998-99 710 (.21 1055 (.21

1999-00 267 (.18) 781 (21)

2000-01 253 (.18) 1069 (.20)

2001-02 777 (.20) 728 (.20
Grade 6

1998-99 -0.90 (.20 -215 (.20)

1999-00 -252 (19 085 (.19

2000-01 -196 (19 014 (21)

2001-02 -1.88 (.18) -113  (21)

Note:

1. Standard errors are in parentheses.
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Table 4-4
The effect of socid and economic variables on Grade 3 achievement levelst
All variables with interaction dummies Balanced Scaling
Base models by type of test sample Calculation?
Mean Base Interaction Interactio (coeff base
Variable (Standard Deviation) All variables | Threevariables coefficient with writing with math All variables model X s.d.)
Percent at 516 - - - - - - -
Level 3or Level (19.0)
Percent with 214 -0.12 - -0.13 -0.04 0.05 -0.10 -1.07
lone parents (8.9 (04 (04 (.03) (.03 (09
Percent with an 91.0 -0.14 -0.30 -0.05 -0.08 -0.17 -0.18 150
officia language (10.7) (.04) (.02) (.04 (.02 (.03) (.04)
Percent of 149 -0.61 - -0.59 0.09 -0.14 -0.69 -1.71
Aborigina (2.8 (.08) (.08) (.06) (.06) (.10
Percent of one- 48 0.27 - 023 0.05 0.05 0.24 173
immigrants (6.9 (.07) (.07) (.09 (.05) (07)
Percent with 65.6 0.07 0.10 0.07 -0.01 0.03 0.06 1.65
detached homes (23.6) (.01) (.01 (.01) (.009) (.01 (.01)
Income 58,957 - - - - - - -
(16,227)
Log of Income 109 7.20 - 7.60 0.66 -1.86 9.05 187
(.26) (1.64) (1.69) (91 (92 (1.56)
Percent moved 14.3 -0.19 -0.68 -0.19 -0.09 0.06 -0.11 -0.89
inlast year 4.7) (.07) (.06) (.07) (.05) (.05) (.08)
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All variables with interaction dummies Balanced Scaling
Base models by type of test sample Calculation
Mean Base Interaction Interaction (coeff base
Vaiable (Standard Deviation) All variables | Threevariables Coefficient with writilng with math All variables model X s.d.)
Percent moved 24 -0.11 - -0.12 -0.06 -0.05 -0.15 -1.14
inlast 5years (104) (.03) (.03) (.01) (.02 (.03)
Unemployment 8.0 -0.24 - -0.19 0.007 -0.18 -0.3 -1.08
(4.5 (.07) (.07) (.05) (.05) (.08)
Percent without 49,0 -0.26 - -0.22 0.02 -0.12 -0.34 -2.47
high school (9.5 (.06) (.06) (.03) (.04) (.06)
Percent with 214 0.22 - 0.28 -0.03 -0.12 011 231
some university (105) (.05) (.05) (.03) (.03) (.05)
Total enrolment 345 0.000 - 0.002 0.001 0.003 -0.001 0.00
(162) (.000) (.001) (.0007) (.009) (.001)
Samplesize 41,113 41,092 41113 | - 41,092 | - 36,804 -
# of schools 3582 T/ [ — 7' 7 [R—— 3067
R-squared - 0.264 (0 R — 0266 | -mmeeeeee- 0273 -
Notes:

1. Shading indicates the coefficient on thet varidble is not datisticaly different from zero.

2. The scdling caculation multiplies the estimated coefficient on a variable by a one-standard deviation increase in thet varigble.
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Table 4-5
The effect of socid and economic variables on Grade 6 achievement levelst
All variables with interaction dummies Balanced Scaling
Base models by type of test sample Calculation?
Mean Base Interaction Interaction (coeff base
Variable (Standard Deviation) All Three variables coefficient with writing with math All variables model X s.d.)
Percent at 51 - - - - - - -
Level 3or Level (18.2)
Percent with 211 -0.15 - -0.13 -0.04 -0.01 -0.13 -1.31
lone parents (8.7 (.04 (.04 (.02 (.03 (09
Percent with an 915 -0.01 -0.26 -0.001 -0.002 -0.043 -0.02 -0.11
official language (10.5) (.04 (.03) (.04 (.02 (.03) (.04)
Percent of 15 -0.61 - -0.62 0.08 -0.04 -0.64 -1.59
Aboriginal (2.6) (.09) (.09) (.06) (.06) (11)
Percent of one- 45 0.27 - 0.20 -0.01 0.22 0.26 165
immigrants (6.2 (.07) (.07) (.04 (.05) (.07)
Percent with 66.7 0.06 0.07 0.05 -0.03 -0.04 0.06 137
detached homes (229 (.01 (.01 (.01 (.008) (.01) (.01)
Income 59,086 - - - - - - -
(16,120
Log of Income 10.95 7.41 - 6.58 1.99 0.47 6.93 192
(.26) 14 (1.56) (1.13) (.89) (1.45)
Percent moved 14.28 -0.22 -0.65 -0.25 -0.02 0.11 -0.17 -1.01
inlast year (4.6) (.07) (.06) (.07) (.04 (.05) (.07)
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All variables with interaction dummies Balanced Scaling
Base models by type of test sample Calculation
Mean Base Interaction Interaction (coeff base
Vaiable (Standard Deviation) All variables | Threevariables Coefficient with writing with math All variables model X s.d.)
Percent moved in 21 -0.05 - -0.05 0.02 -0.02 -0.08 -0.53
last 5 years (10.5) (.03) (.03) (.01 (.02) (.03)
Unemployment 79 -0.21 - -0.25 012 -0.02 -0.26 -0.92
44 (.07) (.08) (.05 (.05 (.08)
Percent without 49 -0.04 - -0.06 0.01 0.04 -0.06 -0.38
high school (9.5 (.06) (.06) (.03) (.04) (.06)
Percent with 21.4 054 - 055 -0.05 0.01 052 5.67
some university (10.5) (.05) (.05) (.03) (.03) (.05)
Total enrolment 348 -0.006 - -0.006 0.002 -0.001 -0.006 -0.97
(162) (.001) (.001) (.0007) (0.0008) (.001)
Samplesize 31,109 38,753 38760 | e 38753 | - 34,176 -
# of schools 3,402 3403 | e 3402 | - 2,848
R-squared - 0.288 007 | - 029 | - 03 -

Notes:
1. Shading indicates the coefficient on thet varidble is not datisticaly different from zero.

2. The scdling caculation multiplies the estimated coefficient on a variable by a one-standard deviation increase in thet varigble.



Table 4-6
An interaction modd of achievement in Grade 3 and Grade 6

Varigble Base coefficient Interaction with Grade 6
Percent with -012 -0.03
lone parents (.03) (.04
Percent with an -013 01
official language (04 (.04
Percent of -0.61 0.00
Aboriginal (.08) (.09)
Percent of one-year 0.29 -0.03
immigrants (.06) (.06)
Percent with 0.07 -0.01
detached homes (.01$) (.01)
Income - -
Log of Income 8.09 -1.67
13 (.61)
Percent moved -0.19 0.02
inlast year (.07) (.08)
Percent moved -0.11 0.05
inlast 5 years (.03) (.03)
Unemployment Rate -0.24 0.01
(.07) (.08)
Percent without -0.24 0.18
high school diploma (.06) (.06)
Percent with 0.23 031
some university (.05) (.05)
Total enrolment -0.0009 -0.0005
(.001) (.001)
Samplesize 79,849
(number of schools) 3772
R-squared 0.27

Note: A shaded areaindicates a coefficient thet is not Satistically significant.
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Chapter 5: An analysis of the exemption process

5-1 Introduction

This chapter contains a short discussion of the exemption process. The EQAOQ indructions

on the administration of assessment Sate that

Teachers and principas must make every effort to enable students with specid needsto
participate with their peersin al aspects of the assessment

AND

The principa is authorized to exempt a student from part or al of an assessment in a Studtion
where, even with dl possible accommodations, the student would be unable to participate
productively and/or where the student’ s participation would be harmful. Before exempting a
student, the principa is required to consult with the student’ s teacher and obtain written parenta
consent.

(www.egao.com/egan/home_page/o5e/5_5e.html)

It is clear that exemptions are not to be granted lightly. While there may be more criteriathan stated in
the second paragraph above, common sense tdls you that it will be very difficult to apply any exemption
criteriain an objective way.

The interest in exemptions as part of the interpretation of assessment results comes from two
issues. Firgt, an andyss of the exemption datais an indirect examination of the process that creates and
administers the assessments. If there is no pattern in exemptions across boards over time, it seems more
likely that the assessments are being administered in a consstent way across the province. The criterion
for exemptions give no indication of any reason to expect variation across boards.  Thisisafairly wesk

test of the consistency of the assessment process and afairly weak reason to look at exemptions. The
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second and more important reason to look at exemptions relates to the presentation of assessment
results. In presentations of school, board or even the provincia results, assessment results are
presented using a Method 2 presentation as well as the Method 1 used in Chapter 4 (in the EQAO
terminology). Chapter 4 took note but did not make use of Method 2. Method 2 looks at the
percentage of studentsin the four categories, Level 1, Leve 2, Level 3 and Leve 4 as a percentage of
the non-exempt students. Method 2 isvdid only if we have substantial confidence in the exemption
process. The concluson drawn from the andyss below isthat it is unlikely that the exemption criteria
were applied consstently over time. There is dso some evidence, not overwhelming evidence, that the
exemption criteriaare not applied consstently across boards. This leads one to the conclusion that
Method 2 results are not very useful. And indeed, they are not very often used. A more forceful
satement would suggest that the EQAO, the schools and the boards simply stop producing and
presenting any Method 2 results. They confuse the issue without adding useful information. A third
observation could be made. It is dightly more difficult to link exemption rates to socid and economic
variables than it was to link achievement levelsto socid and economic varidbles. It will be more difficult
to use gatigtical techniques to identify schools or boards where exemptions rates are outliers. It needs

not be impossible to generate a gatistical check on the exemption process, just difficult.

5.2 A broad picture of exemptions over time

A very broad picture of the exemption processis presented in Table 5-1 and Figures 5-1 and
5-2. Table 5-2 presents average exemption rates, calculated over schools, for the 24 assessmentsin
thedata. These are then compared across both time and across type of assessment. The null

hypothesis that exemption rates have remained constant across the 4 yearsis strongly rejected.
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Although there is no obvious pattern over time in the exemption rates in Figure 5-1, the differences
between years are Satidticdly sgnificant. They may not be of much practica significance, the range of
variation is quite smal. The highest exemption rate is 6.9%, the Grade 3 reading assessment in 1999-
00. The lowest exemption rate is 3.84%m the Grade 6 mathematics assessment in 2000-01. In genera
the exemption rates in Grade 6 are considerably lower than in Grade 3. These are very large samples
of both schools and students. It seems very unlikely that the characterigtics of the entire pool of Grade 3
students or Grade 6 students would have changed very much from year to year. It seems much more
likely that the exemption criteria are applied differently over time. Asdready pointed out, common
sensetdlsyou it will be very difficult to generate consstent exemption criteria.

Table 5-1 and Figure 5-1 dso indicate that exemption rates vary by type of assessment. Thisis
alittle more mysterious. The criterion seem to be free of any indication that they would vary by type of
assessment. The results in Chapter 4 indicate that language issues are particularly important in the
determination of results on Grade 3 mathematics assessments. As outsider, like myself to the exemption
process, presumes that language is the mgjor exemption issue. This puzzle remainsto be solved. It
seems noteworthy that in Grade 6, exemption rates are not different across the assessments.

It isreasonableto ask if dll of this variation is very important to the interpretation of the
elementary school assessment process. In many ways, the answer is likely no. If the primary measure of
success is to be the percentage of dl studentsat Level 3 or Leve 4, the students who are considered to
have magtered the curriculum and if dl or virtudly al of the exempt students would not have achieved
those leves, then variation in the percentage of exempted sudentsis not acritical issue. Theinterest is
indirect. The results suggest above would be completely understandable, that it is very difficult to design

and gpply an assessment on this scae in a perfectly condgtent way. The variaion in exemptions lead to
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using the EQAO data to compare schools with relative measures. Thisis the exercise in Chapter 6.

5.3 The socid and economic determinants of exemptions. Are there board effects?

The method of andyss used in the previous chapter to consider variation in achievement results
can be used to measure (1) the socid and economic determinants of exemption rates and (2) whether
there are effects of school boards on exemption rates. It isinteresting to know if there are such board
effects. All boards would get the same ingtructions from the EQAO. Principals at boards would
interact to interpret these indructions. 1t would be very likdly that smilar decisions might be made at the
board level by a“group” of principas. The andysisis used to look for such effects.

The equation estimated is

EXit= @+ Ogoag Deoaa + B'x X4 + B X5+ u;, (5-1)

where the sample is the 3500 schools and D, is @ dummy or indicator variable for aboard. X* and
X2 represent the same list of socia and economic indicators by school used in Chapter 5.
Table 5-2 isalig of boards not included in thisanadlyss. To estimate a group effect on exemptions, there
needs to be enough members of the group to generate a datistica effeect. Table5-2 listsdl boardsin
the data set that have less than 10 schools. Thisleft 64 boards in the sample.

Table 5-3 isthe set of results from estimating equation (5-1) for the sample of schools. There
are some econometric (datistica) issuesin its estimation. Figure 5-2 shows that the distribution of
exemptionsis very highly skewed to the right, afew schools have very high exemption retes. The

exemption rate cannot, asis true for many variablesin the andyss, go below zero. However there are a
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significant number of schools (131) where the exemption rate is exactly zero even averaged over the
four years. All of this creates problems for the andysis. Table 5-3, to be consstent with the rest of the
andysis, presents OL S estimates of the exemption equation. The sameligt of socid and economic
factors are used. However the equation is not as successful as the equivaent equation explaining
variaion in school achievement results. The R? is much lower. Many of the socid and economic
variables are not sgnificant. Lone parenthood does not affect exemptions. Exemptions do fall when
there are more persons in the school community who do not spesk and officid language. Exemptions
rise in Grade 3 when there are more aborigind students but there is no such effect in Grade 6. There are
fewer exemptions when there are more recent immigrants. Thisis condgstent with the result thet, after
contralling for other variables, recent immigrants have higher achievement levels. There are fewer
exemptions when there are more detached homes. Again the effect in Grade 6 effect is weaker.
Exemptions rise when students have moved in the lagt year but not in the last five years. Exemptions rise
with unemployment rates and fal with income. None of these results are surprising. The coefficients on
the parental education variables are a bit surprising. Educationa status of parents does not matter in
Grade 6. In Grade 3, more educated parents apparently increase exemption rates. That isabit of a
puzzle. The effect isreversed but not sgnificant in Grade 6. Smaller schools have dightly lower
exemption rates but the effect isvery small.

The equation above was estimated using Ordinary Least Squares. Because of the digtribution of
the exemption rates, this may not be the most desirable estimator to use. The equation were re-

estimated using both a Tobit mode to account for the truncation of observations a zero and with a
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transformation of the dependent variable by taking its natural logarithm.® However, as away of
measuring board effects, | do use dl three models. Looking for board effects on exemption ratesisa
very interesting exercise. It was carried out by adding board dummy variables to the base equation. 64
boards are included. The last row of Table 5-3 reports the number of board dummies that are statiscaly
different from zero. Such coefficients mean thet in these boards, for the same socia and economic
variables, exemption behaviour that was systemeticdly different that the exemption behaviour of schools
in the base board. The base case board was the Waterloo Regiona District School Board. Thisisa
medium sized board with awide variety of schools - both rura and urban - both rich and poor. Table
5-3 is some evidence of board-level variation in the gpplication of exemption criteria. Depending on the
model, about one-third of the boards behave differently than the Waterloo board. In many casesthey
aso behave differently from each other. However the variation by board in exemption ratesis not that
large, only from 2.5t0 11.5 percent. The variation in exemption rates across schools is much larger as

shown in Figure 5-2 and mostly unexplained by known socia and economic variables.

5-4 Conclusons

This chapter promised a short andlysis of the exemption rates. There is some evidence that
these rates do vary over time and do vary across boards in ways not fully explained by socid and
economic variables. Thisisnot surprising. Theimpact on the main use of EQAO assessmentsis quite
limited. None of the andlysisin the previous chapter depended on a consistent application of the

exemption criteria. Such acondgtent andlysis may not be possble. The main policy implication isto

% | do not bother to include coefficient estimates for these versions. They are not very
different. Transformation of exemptions rates by taking logarithms drops the schools with exactly zero
exemption rates from the data.
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direct attention away from Method 2 resultsin dl circumstances. Method 2 results are clearly open to
manipulation if the exemption criteriaare applied in an inconsstent way. Method 2 should not be used

or presented.



Percent of students exempted

Figure 5-1 Average Exemption Rates by Assessment and Year
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Figure 5-2. Percentage of students exempted
from assessments by school
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Table5-1
The Exemption Process
Year Null hypothesis tested:
Average equality of exemption rates
Exemption Rate 1998-99 1999-00 2000-01 2001-02 across years (Prob Value)

Grade 3

Reading 6.56 6.90 597 561 0.00

Writing 533 5.99 532 5.07 0.00

Mathematics 484 536 4.68 443 0.00

Null hypothesis tested:

equality of exemption rates

across tests (Prob Value) 0.00 0.00 0.00 0.00 -
Grade 6

Reading 4.36 512 392 4.22 0.00

Writing 415 4.98 3.86 412 0.00

Mathematics 418 499 384 401 0.00

Null hypothesis tested:
equality of exemption rates
across tests (Prob Value) 0.46 071 0.90 047 -



Table5-2

Boards not included in the andyses of exemptions

Board
Trenton CFB
Connell and Ponsford
Atikokan Catholic
Northern District School AreaBoard
Kenora Catholic
Conseil Scolaire de district Nord-Est
Northwest Catholic
Conseil Scolaire de district Catholique des Aurores Boreales
Superior North Catholic
Consell Scolaire du Grand Nord

Superior Greenstone

Number of Schools

10

10



Table5-3
Socid and Economic Determinants of Exemption Rates
Grade 3 coefficients (standard error)* Grade 6 coefficients (standard error)

without with without with
Varigble board dummies  board dummies board dummies  board dummies
Percent with 0.01 0.007 0.01 0.001
lone parents (.01$) (.01 (.01$) (0D
Percent with an -0.08 -0.06 -0.05 -0.02
official language (.0D)* (.0D)* (.02)* (.02
Percent of 011 015 0.03 0.02
Aboriginal (.04)* (.06)* (.04) (.04)
Percent of one-year -0.1 -0.09 -0.03 -004
immigrants (.03)* (.00)* (.03) (.03
Percent with -0.02 -0.02 -0.01 -0.017
detached homes (.006)* (.006)* (.006)* (.006)
Log of Income -343 334 -2.25 -2.82
(.62)* (.74)* (.62)* (.74)
Percent moved 0.06 0.09 0.035 0.07
inlast year (.02)* (.02)* (.027) (.02)*
Percent moved -0.005 -0.01 0.007 -0.005
inlast 5 years (.01) (.01 (.10) (.0
Unemployment Rate 0.09 0.06 0.08 0.07
(.03)* (.03)* (.03)* (.03)*
Percent without 0.02 0.07 -0.02 -0.002
high school diploma (.02) (.02)* (.02) (.02)
Percent with 0.04 0.06 -0.03 -0.02
some university (.02)* (.02)* (.02) (.02
Total enrolment -.000 -0.001 -0.001 0.001
(.000) (.0005)* (.0004)* (.0003)
R-squared 0.18 0.27 014 0.23
Number of board oLs 19/64 OoLSs 23/64
dummies significantlly Tobit 21/64 Tobit 19/64
different from zero? Log 16/64 Log 14/64

Notes:

1. The standard errors marked with an asterisk (*) mean that the coefficients of the variables are
significantly different from zero at 95% confidence level.

2. There are 63 coefficients estimated on board dummy variables. The first value counts the number of
dummy variables significantly different from zero, that is, with exemption behaviour significantly
different from the base board. The base board isthe Waterloo Region District School Board.



