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Abstract

We use administrative data on students in grades 4 and 7 in British Columbia to examine the
extent to which differences in school environment contribute to the achievement gap between
Aboriginal and non-Aboriginal students as measured by standardized test scores. We find that
segregation of Aboriginal and non-Aboriginal students is substantial, and that differences in the
distribution of these two groups across schools account for roughly half the overall achievement
gap on the Foundation Skills Assessment tests in grade 7. The substantial school-level
segregation of Aboriginal and non-Aboriginal student across schools means that Aboriginal
students on average have a higher proportion of peers who are themselves Aboriginal, as well as
a higher proportion of peers in special education. We estimate the effect of peer composition on
value-added exam outcomes, using longitudinal data on multiple cohorts of students together
with school-by-grade fixed effects to account for endogenous selection into schools. We find
that having a greater proportion of Aboriginal peers, if anything, improves the achievement of
Aboriginal students.
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1 Introduction

Aboriginal Canadians have an above-average incidence of almost every marker of social and
economic deprivation, including poverty (Mendelson 2006), poor health outcomes, drug and
alcohol addiction, and suicide (Health Canada 2009). Some analysts (e.g. Richards and Vining
2004) argue that the key to breaking the cycle of poverty among off-reserve Aboriginal
Canadians lies in improving educational outcomes among Aboriginal children and youth. This
view is supported by evidence from other populations that education is associated with better
health behaviours and outcomes (Kenkel 1991), substantially lower rates of incarceration
(Lochner and Moretti 2004), higher earnings (Card 1999), reduced teen childbearing, criminal
propensity, child abuse and neglect, and improved educational attainment and health outcomes of
children (Greenwood 1997), increased voter and civic participation (Dee 2003), and reduced
reliance on public transfers (Wolfe and Haveman 2001).

Our goal in this paper is to contribute to establishing an evidence base that can inform the
development of policies related to Aboriginal education in Canada. We use a newly available
administrative data set provided by the British Columbia (B.C.) Ministry of Education to
document the achievement gap between Aboriginal and non-Aboriginal students in B.C. as
measured by standardized test scores in grades 4 and 7, and to investigate the relationship
between this gap and student characteristics, particularly differences in rates of assessed
disabilities. We next measure the extent to which Aboriginal students are segregated from non-
Aboriginal students at school. B.C.’s school funding rules provide districts with roughly similar
resource levels, so this source of variation in school quality is not as salient as in the U.S.
context.? However, if peer effects are important, differential sorting of Aboriginal and non-
Aboriginal students may lead to systematic differences in the quality of the learning
environments of Aboriginal and non-Aboriginal students. We provide econometric estimates of

the effects of peer group composition on Aboriginal students’ achievement as measured by

2 Even with the same funding levels, schools that serve Aboriginal populations may have greater difficulty attracting
and retaining teaching and administrative staff if they are geographically isolated.



B.C.’s Foundation Skills Assessment tests. We focus in particular on the share of peers who are

Aboriginal or who are classified as disabled.

Our results show that the grade 7 test score gap is large in both reading and numeracy. Most of
the gap has developed by grade 4, but the gap continues to grow between grades 4 and 7. We
find that differences in rates of identified disability do not explain much of the test score gap.
We find a substantial degree of segregation between Aboriginal and non-Aboriginal students,
suggesting that school environments can in principle play an important role in the achievement
gap. We decompose the mean grade 7 test score gap into between-school (the extent to which
Aboriginal students tend to attend schools in which both Aboriginal and non-Aboriginal students
do poorly on the exams) and within-school (the extent to which Aboriginal students do worse on
the exam than non-Aboriginal students in the same school) gaps. We find that about half of the
gap takes the form of between-school variation. Some of this between-school variation might be
explained by peer effects. The average Aboriginal student has a substantially higher proportion
of Aboriginal peers and a somewhat higher proportion of peers with disabilities. However, we
do not find that the characteristics of Aboriginal students’ peers that result from this sorting
contribute significantly to the relatively low test scores of Aboriginal students. If anything,
Aboriginal students perform better when they attend school with a greater proportion of peers
who are themselves Aboriginal, and experience limited if any disadvantage from attending

school with a greater proportion of peers with disabilities.

2  Data and institutional background

2.1  On-reserve and off-reserve schooling in B.C.

Education in Canada falls under provincial jurisdiction, with the important exception of on-
reserve education. On-reserve schools are generally operated by First Nations bands, with
funding from the federal Department of Indian and Northern Affairs Canada (INAC). Students
attending band-run schools do not appear in our data, so our results describe only those
Aboriginal students who attend provincial schools. Comparable data for students attending on-
reserve schools do not exist, so it is not possible to know how their academic achievement
compares to Aboriginal students attending provincial schools. The evidence that exists suggests

that on-reserve students have worse academic outcomes than off-reserve students do. Richards



et al. (2008) use Census data to estimate that the high school completion rate of 20-24 year-olds
living on reserve is 22 percentage points lower than that of First Nations 20-24 year-olds living
off reserve (39% versus 62%), and 36 percentage points lower than that of Métis 20-24 year-olds
(75%). The lower rates of high school completion among First Nations living on-reserve may
reflect lower proximity to high schools, differences in school quality arising from funding gaps,®
school organization or teacher characteristics, or differences in the characteristics of the students

themselves.

Richards et al. (2008) estimate that approximately one in six students with Aboriginal identity in
Canada attends a band-run school. Applying their estimation method to the same data, we find
the proportion in B.C. is substantially lower. Data from the 2006 Census indicates that
approximately 24% of 10 to 14 year-olds with Aboriginal identity in B.C. live on-reserve
(Statistics Canada 2008). Data from the 2004 INAC Nominal Roll indicate that approximately
30% of on-reserve grade 1-8 students in B.C. attend a band-run school (Indian and Northern
Affairs Canada 2005, Table 3.2). Taken together, these numbers imply that roughly 7.2 percent
of grade 7 Aboriginal students in B.C. attend an on-reserve band-run school. This number is less
than half of Richards et al.’s Canada-wide estimate, primarily because 70% of on-reserve

students attend provincial schools in B.C. compared to 30% in Canada as a whole.

2.2 Access and funding within the provincial system

All students in B.C. are guaranteed placement in their neighborhood or “catchment area” public
school. In addition, most public school districts offer magnet programs. French Immersion is by
far the most popular magnet program in the province, enrolling about 5 percent of elementary
school students. Prior to 2003, if a student wanted to register at a non-catchment public school
other than through a magnet program, permission was required from both the principal of the
catchment area school and the principal of the school of registration. In 2003, the Province
instituted an official “open boundaries” policy that allows any student in B.C. to attend any
public school if there are spaces available after local students have enrolled. It is not known

whether this policy change has had a quantitatively important effect on cross-boundary

® Postl (2005) finds that the majority of band-run schools in B.C. are substantially under-funded relative to
comparable provincial schools.



enrolments. In addition, approximately 10 percent of students in the province attend a private
school.

The provincial Ministry of Education establishes curricula and provides operating and capital
grants to the district school boards, who then allocate funds to individual public schools. District
funding levels are based on a number of factors, including per-school allocations and per-student
allocations, with supplementary funding based on the presence and number of students in several
categories. In particular, districts receive supplemental funding for each Aboriginal student
enrolled, for students with special educational needs, and for students who require English as a
Second Language (ESL) services. Per student funding levels before and after 2002, when

several major changes to the funding formula were introduced, are summarized in Table 1.

This provincial public school funding formula means that districts do not have to rely on local
sources of revenue, ensuring that rich and poor districts receive similar funding. Indeed, because
supplementary funding is targeted towards students with greater educational needs, districts with
a greater number of disadvantaged students receive more funds than those with fewer

disadvantaged students.

Private schools also receive per-student operating grants of 35-50% of the base public school
rate, and are responsible for both teaching the provincial curriculum and meeting various

provincial administrative requirements (British Columbia Ministry of Education 2005).

2.3  Data description

The administrative data used in this study are drawn from the Ministry’s enrolment database and
its Foundations Skills Assessment (FSA) exam database. Since the 1999/2000 school year, B.C.
has administered the FSA tests in May of each year to students in grades 4 and 7 in all public and
provincially funded private schools in British Columbia.® These exams are based on a variety of
questions, both multiple-choice and open-ended, and are graded by accredited B.C. teachers. All
students are expected to participate, with the exception of students in ESL programs who have

not yet developed sufficient English skills to respond to the test, and some special needs

* FSA tests were also administered to grade 10 students between 2000 and 2004; these low-stakes assessments were
replaced by high-stakes Provincial examinations beginning in 2005.



students. The FSA exams are relatively low-stakes for all parties. Students’ scores do not
contribute to their classroom grades and play no role in grade completion. The results do not
affect school or district funding. However, school and district-level results are made public and
are widely discussed within both the educational system and the news media. In particular, the
Ministry of Education posts school-level results on its website, and a private research and
advocacy organization produces a widely-publicized and much-discussed annual ‘report card’
that ranks all of the elementary schools in the province using a methodology based on FSA
results (e.g. Cowley and Easton 2004).

Each B.C. student has a unique identification code, and we use an encrypted version of this code
to link records across the enrolment and FSA exam databases, and to construct a longitudinal
record for each student. Records in the enrolment database are based on Form 1701, the annual
enrolment form collected for each student on September 30 of each year. These forms are used
by the Ministry to determine school-level operational funding in accordance with the funding
formulas described in Section 2.2. The enrolment record includes the student’s current grade,
school and district identifiers, year, gender, self-reported Aboriginal identity, enrolment in a
language program (e.g. ESL, French Immersion, Francophone education), enrolment in a special
needs program, and language spoken at home.> Records in the FSA exam database include the
student’s score on each exam, along with a flag indicating whether the student was excused from

writing a given exam.®

Our data set covers all grade 4 and grade 7 students from the 1999-2000 through 2003-2004

school years. As a result, we observe the first three cohorts from the time they entered grade 4 in

® Because of confidentiality restrictions, our study is based on an extract from the original administrative data. The
extract differs from the original data in the following ways: (1) enrolment records are provided only for students in
grades 4 through 7; (2) student, school, and district identification codes are encrypted in such a manner as to allow
for within-database linkage, but not linkage with external information; (3) language spoken at home is aggregated
from the over 100 languages in the administrative data into English, Chinese (including Cantonese and Mandarin),
Punjabi, and Other; and (4) both language spoken at home and Aboriginal status are provided based on the student’s
entire history rather than on the current year’s self-report. In particular a student is categorized as Aboriginal if
he/she ever self-reports as Aboriginal. A student is categorized as speaking English if he/she always self-reports as
English, and is otherwise categorized by his/her most frequently reported home language other than English.

® Exam scores are calculated from item-level responses based on an item response theory (IRT) model constructed
by the Ministry. The IRT scores are provided by the Ministry on a continuous scale with roughly zero mean and
unit standard deviation. We normalize the scores in each year, grade, and subject to have exactly zero mean and unit
standard deviation across the province.



1999, 2000 or 2001 through the end of their anticipated grade 7 year three years later. Using the
unique student identifier, we link the records of students across multiple years to construct a
panel of students who were in grade 7 between 2002 and 2004.’

Over 9% of the students in our data are reported by their parents or guardians as having
Aboriginal identity. The extent to which this figure is an over- or under-estimate of the true
proportion is unclear. On one hand, the availability of supplementary funding may lead schools
to encourage parents and guardians to identify their children as Aboriginal. On the other hand,
anecdotal reports suggest that some parents and guardians are reluctant to identify their children
as Aboriginal within the school system because of concerns about stigma or discrimination. The
proportion of students identifying as Aboriginal in our data is roughly comparable to Census-
based figures; 8.2% of B.C. children aged 5-14 were identified as Aboriginal by their parents or
guardians in the 2006 Census (Statistics Canada 2008).

3  The test score gap between Aboriginal and non-Aboriginal
students

3.1  The simple test score gap

Table 2 presents our measures of academic achievement for Aboriginal and non-Aboriginal
students. Each statistic is calculated using the full sample of students who have data on the
exam(s) in question; for example, the mean grade 7 numeracy score is calculated using all
students that took the grade 7 numeracy exam. The results (reported in appendix Table Al) are
similar if one restricts the sample to students that took all four exams (i.e., both subjects in both

grades 4 and 7).

As indicated in Table 2, Aboriginal students in grade 7 score more than 0.6 standard deviations
on average below non-Aboriginal students on both exams. The results by quartile are similar:

the achievement gap ranges from 0.51 to 0.77 standard deviations. Among students who wrote

A minority of students who are observed in both grades 4 and 7 repeat grades, skip grades, or are out of province
for one or more of the intervening years. We keep these students in our analysis whenever possible. If the student
repeats either grade 4 or grade 7, we use the last year in grade 4 and the first year in grade 7.



the FSA numeracy test in both grades, the gap between the mean test scores of Aboriginal and
non-Aboriginal students grew by an additional 0.05 standard deviations between grades 4 and 7,
and the reading test score gap grew by 0.09 standard deviations. Again, the quartile results

indicate that the gap in gains is not confined to any particular part of the distribution.

These gaps are comparable in magnitude to the black-white test score gap that has received a
great deal of research attention in the U.S. (e.g., Card and Rothstein 2007; Cooley 2008; Fryer
and Levitt 2004; Hanushek and Rivkin 2006). For example, the mean test score gap between
blacks and whites on standardized numeracy tests in Texas elementary schools is about 0.76
standard deviations in grade 8, and grows by about 0.06 standard deviations between grades 3
and 8 (Hanushek and Rivkin, 2006, Table 3).

3.2 Accounting for exam participation

For various reasons, some students do not take the FSA exams. Any systematic differences
between participants and nonparticipants may bias the results in Table 2. Exam participation
may also be an outcome of direct interest. This section describes the participation patterns we
observe in the data, and estimates bounds on the “true” achievement gap that are consistent with

those patterns.

Table 3 reports exam participation rates for grade 7 students in B.C. from 2002 through 2004.
Aboriginal students are more than twice as likely as non-Aboriginal students to miss a particular
exam. About half of exam non-participants are excused from the exam. The other half simply
do not take the exam, either because they are absent from school on exam day or because they do
not respond to the exam. This low participation rate results in a high proportion of Aboriginal
students with missing gain score data: about 29% on the numeracy exam and about 26% on the
reading exam. While this is certainly a sufficiently high nonparticipation rate to be concerned
about bias in our results, it should be noted that it is not out of line with the literature. For
example, Hanushek et al. (2002) report exam participation rates for non-disabled and non-
bilingual students in the well-known and heavily used Texas Schools Project data. For that
relatively high-participation subgroup, they report grade 4 and grade 7 participation rates of
81.5% and 81.9% respectively.



Table 4 presents annual numeracy exam participation rates for 1999 through 2004. The results
are similar for the reading exam. The table shows a clear trend towards both lower FSA
participation of Aboriginal students and a higher proportion of Aboriginal students being
excused from the exams.®  Most of the growth in the proportion of students excused occurred
between 1999 and 2001, but the downward trend in overall participation continued through the
entire period of our data.

Table 5 shows how the characteristics of Aboriginal students differ between numeracy exam
participants and nonparticipants. As might be expected, exam participation is not random.
Students who failed to take the grade 7 exam without being excused were about three times as
likely to have also missed the grade 4 exam as were grade 7 exam participants. Among those that
were excused from the grade 7 exam, about 38% were also excused from the grade 4 exam, and
another 16% simply failed to take it. Grade 7 unexcused nonparticipants that took the grade 4
exam scored 0.3 standard deviations less than grade 7 participants. The average score on the
grade 4 exam among those that were subsequently excused from the grade 7 exam was 0.7
standard deviations less than grade 7 participants. Finally, students with disabilities account for
a majority (about 62%) of excused absences from the exams, and a substantial proportion (about

28%) of unexcused absences.

The results in Tables 3-5 imply that nonparticipation rates are substantial, and that
nonparticipants differ systematically from participants. This raises the issue of possible bias in
the results in Table 2. In formal terms, Table 2 accurately describes the distribution of
achievement conditional on Aboriginal identity and exam participation. However, our primary
interest is in the distribution of achievement conditional on Aboriginal identity alone. In general,
the distribution of interest is not identified in the absence of strong assumptions about

nonparticipants but can often be bounded with weaker assumptions (Manski 1995).

® Tables 4 and 5 report participation rates for the numeracy exam. Participation rates for the reading exam are quite
similar.



Table 6 reports bounds on mean and median achievement, under alternative assumptions about
the achievement distributions of exam nonparticipants. The “worst-case” bounds (Manski 1995)
impose no assumptions about the unobserved achievement of nonparticipants. The “increasing
participation” bounds assume that participation rates are increasing in achievement, and the
average achievement of nonparticipants is bounded from below at -2. The first of these
assumptions is consistent with the characteristics of nonparticipants seen in Table 5, and less
than one percent of exam participants score lower than 2 standard deviations below average on
the FSA exam. The “exogenous participation” bounds are calculated under the conventional but
implausible assumption that there is no systematic achievement difference between participants
and nonparticipants once we condition on Aboriginal identity. In this case, the bounds collapse
to the original point estimate.

The worst-case bounds in Table 6 are uninformative for the mean in the absence of bounds on
the support of the achievement distribution, but they are quite informative for the median. For
example, the median numeracy achievement of non-Aboriginal students is at least 0.18 standard
deviations higher than that of Aboriginal students, and may be more than 1.1 standard deviations
higher. The increasing participation bounds are informative for both the mean and median,
generally implying a gap ranging from slightly less than a half standard deviation to slightly less
than a full standard deviation. Comparing these bounds with the point estimate under the
assumption of exogenous participation, we find that the gap among participants is not necessarily
a lower bound on the true gap. To summarize these results, we find that the finding in Table 2 of

a sizeable gap in test scores persists under substantially weaker assumptions about participation.

3.3 Accounting for student and school-level factors

Table 7 provides some insight into the student-level factors underlying the relatively low
participation rates and test scores of Aboriginal students. The incidence of assessed disabilities
is two and a half times as high in the Aboriginal population as in the non-Aboriginal population,
and Aboriginal students are only one-third as likely as non-Aboriginal students to be assessed as
gifted. Aboriginal students are overrepresented in every category of disability, but most

dramatically in the severe behavioural disorder category. Almost 7% of Aboriginal students are

10



found to have a moderate or severe behavioural disorder, compared to fewer than 2% of non-
Aboriginal students.

Table 8 presents results from OLS regressions where the dependent variable is the level of the
individual student’s test score on the grade 7 numeracy or reading exam. ® The first column uses
only Aboriginal identity as an explanatory variable, and thus reproduces the difference in mean
test scores of Aboriginal and non-Aboriginal students. The second column includes controls for
gender and whether a student has a disability. The regression coefficients in column 2 show that,
as expected, students with disabilities have much lower achievement levels than those who do
not. Given their high rate of disabilities, developing effective programs for these special
populations is of particular importance for Aboriginal students. However, in spite of these
results, and in spite of the higher disability rates among Aboriginal children, the Aboriginal test
score gap remains at almost 0.6 standard deviations on both tests when we condition on
identified disability. This analysis suggests that improving outcomes for students in special

education would have a limited effect on the overall Aboriginal/non-Aboriginal test score gap.

The third column of Table 8 adds school fixed effects to account for the possible role of school
quality in generating the test score gap. The coefficient on Aboriginal identity declines by 40%
for numeracy and by 33% for reading, but remains negative, statistically significant, and quite
large. In other words, the test score gap has both a substantial within-school component
(Aboriginal students on average have lower scores than non-Aboriginal students attending the
same school) and a substantial between-school component (Aboriginal students on average
attend schools with lower average achievement). Section 4.2 further explores quantifying and

interpreting this decomposition into within-school and between-school components.

The fourth column of Table 8 adds interactions between Aboriginal identity and other individual
characteristics. The results show that the male-female gap in test scores is smaller in absolute

value for Aboriginal students. The positive coefficients on the interaction between Aboriginal

® The regressions in Table 8 are estimated using data on all students that took the grade 7 exam, while the
regressions in Table 9 are estimated using only those students who also took the grade 4 exam. The results of
estimating the Table 8 regressions using the Table 9 sample (reported in Appendix Table A2) are similar.

11



identity and learning/behavioral disabilities imply that the gap between Aboriginal and non-
Aboriginal students is substantially smaller (but still present) among students with these
disabilities. They also imply that the gap between disabled and non-disabled students is smaller
for Aboriginal students than for non-Aboriginal students.

Table 9 presents estimates from a similar set of specifications where the dependent variable is
the change in the student’s reading or numeracy test score between grades 4 and 7. The results
show that about 6% of the test score gap in numeracy in grade 7 and 14% of the test score gap in
reading emerges after grade 4 (computed by dividing the coefficient on the Aboriginal dummy
from column 1 in Table 9 by the same coefficient from column 1 in Table 8). Although policies
that focus attention on the years before grade 4 have significant potential to improve later
outcomes, Aboriginal children do continue to fall further behind on average between grades 4
and 7. When we include the additional control variables in this value-added specification in
column 2, we again find that disabled students warrant particular policy attention. Conditional
on these characteristics, Aboriginal students continue to fall behind their non-Aboriginal
schoolmates at a rate that is of considerable policy significance. Adding fixed effects, as in
column 3, reduces the coefficient on Aboriginal identity by about 50% for numeracy and 33%
for reading. Like the gap in test score levels, the gap in gains has substantial within-school and
between-school components. Finally, column 4 includes interactions between Aboriginal
identity and other individual characteristics. The results here show an interesting pattern by
gender: boys account for almost the entire gap in numeracy gains, while girls account for almost

the entire gap in reading gains.

4 Sorting across schools

4.1  How much sorting is there?

Aboriginal and non-Aboriginal students are likely to exhibit different school attendance patterns
for several reasons. First, Aboriginal and non-Aboriginal students tend to live in different
communities. Aboriginal students in Canada are disproportionately located in small rural
communities and a handful of urban centres (Statistics Canada 2008). Second, differential

patterns of attendance at magnet and private schools also contribute to the overall pattern of
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sorting. Non-Aboriginal students are almost twice as likely to attend private schools as
Aboriginal students are: 10.6% of non-Aboriginal students in our data attend private schools,
compared to 5.7% of Aboriginal students. Another 6.2% of non-Aboriginal students are enrolled

in French Immersion programs, compared to 2.4% of Aboriginal students.

Figure 1 shows the frequency distribution of the proportion of Aboriginal students among the
grade 7 cohorts at all B.C. public and private schools in 2002, 2003 and 2004. In over 22% of
cases, no Aboriginal students were enrolled in grade 7 within a school and year. Private schools
and magnet schools play an important role in the sorting process: almost two-thirds of the
school/years that had no Aboriginal students were associated with either private schools or
French Immersion magnet programs.*® In the modal grade 7 school/year in our sample, at least
one student and fewer than 10% of students are Aboriginal; over 42% of all school/years fall into
this category. In another 17% of school/years, between 10% and 20% of students are Aboriginal.
At the other extreme, almost 3% of school/years include no non-Aboriginal students. The
overall picture that emerges is one in which over 25% of the grade 7 school/years between 2002
and 2004 are fully segregated, and Aboriginal students are dispersed widely across schools that

enroll both Aboriginal and non-Aboriginal students.

Figures 2 and 3 provide frequencies of the percentage of a student’s peers who are Aboriginal,
for Aboriginal and non-Aboriginal students respectively. Figure 2 shows that almost 5% of the
Aboriginal students in our sample have no Aboriginal same-grade peers. More than 27% of
Aboriginal students have more than zero but fewer than 10% Aboriginal peers. Another 23% of
Aboriginal students attend schools where between 10% and 20% of their same-grade peers are
Aboriginal. A substantial fraction of Aboriginal students attend schools in which Aboriginal
students are more heavily concentrated, and over 5% of Aboriginal students have no non-
Aboriginal peers. Figure 3 shows that, in contrast, almost 75% of non-Aboriginal students attend
schools where fewer than 10% of same-grade peers are Aboriginal. The proportion of non-
Aboriginal students who attend schools in which Aboriginal students are the majority is

negligible.

19'In schools that house both regular and French Immersion programs, we define the French Immersion program as a
distinct “school” in all of our analysis.
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The extent to which Aboriginal and non-Aboriginal students are distributed differently across
schools can also be summarized with a standard dissimilarity index (Duncan and Duncan 1955).
According to this measure, almost half of Aboriginal students would have to change schools in
order to achieve an equal distribution of the two groups across schools.™

4.2 The implications of sorting for within/between-school decompositions

The fixed effects results in Section 3.3 imply that the outcome gap has both within-school and
between-school components: on average, Aboriginal students attend schools with worse average
outcomes for all students, and they have worse average outcomes than non-Aboriginal students
attending the same school. These stylized facts are similar to those documented for black and
white students in the U.S. (e.g. Fryer and Levitt 2004; Hanushek and Rivkin 2006). We follow
that literature and provide a quantitative decomposition of the test score gap into within-school

and between-school components.

The purpose of this kind of decomposition is to get an idea of the potential role of school quality
in creating the outcome gap, though any such interpretation should be made with a clear eye on
its limitations. If students are randomly assigned to schools conditional on Aboriginal identity,
and the treatment effect of enrollment in a given school is constant across students (in particular,
the school’s effect does not differ for Aboriginal and non-Aboriginal students), then the between-
school gap may be an accurate measure of the contribution of variations in school environment
to the overall gap. ** If instead of random assignment there is positive sorting on unobserved
outcome-relevant characteristics such as socioeconomic status, some portion of the school fixed
effects will actually represent these characteristics. In that case, the between-school gap can be

considered an upper bound on the portion of the gap that is caused by variations in school

s |né _nd4
nA  pNA

' The dissimilarity index is calculated as D = 52s=1 , where n{* is the number of Aboriginal

students attending school s; n” is the total number of Aboriginal students; n;\‘A is the number of non-Aboriginal
students attending school s; and n NA s the total number of non-Aboriginal students. The index values for our data

in all three years are very similar; the 2004 value is 48.5.
12 The school fixed effects capture the influence of peers as well as teachers and other school characteristics, and so
even under these strong assumptions are not invariant to a reallocation of students across schools.
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quality. If instead of a constant treatment effect, each school has differential effects on
Aboriginal and non-Aboriginal students, then things are somewhat more complex. For example,
if each school provides lower average quality instruction to Aboriginal students than to non-
Aboriginal students, this will appear in the within-school component of both decompositions
even though it is driven entirely by school quality. If Aboriginal students tend to attend schools
that are more effective for Aboriginal students relative to non-Aboriginal students than the
average school in the province, then the between-school component of the decomposition still
provides an upper bound on the potential gains from school changes. Finally, we note that
school fixed effects include the quality of peers. If peer effects are substantial, a reallocation of
students between “low-quality” and “high-quality” schools may change the relative quality of the
schools. In that case, decompositions may overstate or understate the potential aggregate gains
from moving Aboriginal students to high-quality schools even if they correctly measure the gains
for an individual Aboriginal student. This issue is further discussed in Section 5.2.

The literature uses two distinct decomposition approaches. Fryer and Levitt (2004, Table 6) use
the absolute value of the coefficient on Aboriginal identity from the regression with school fixed
effects but no additional controls (8zz) as a measure of the within-school outcome gap. The
between-school gap is the difference in average school fixed effects from that same regression:

b el I (SR | A R | PR (1)

N———
Total gap FL Within—school gap

FL Between—school gap
where ¥ is an average test score, n is a student count, the superscript indicates aboriginal status
(NA = non-Aboriginal, A = Aboriginal, no superscript = all students) and the subscript indicates
the school (no subscript = all schools). Hanushek and Rivkin (2006, equation 1) argue that Fryer
and Levitt’s approach potentially understates the contribution of schools and propose an

alternative decomposition that takes the form:*®

13 The difference between the two decompositions can be explained with an example adapted from Hanushek and
Rivkin. Suppose there are only 3 schools: one in which all students are Aboriginal and the average score is a, one in
which all students are non-Aboriginal and the average score is b, and one that is integrated with an average score of
c for Aboriginal students and d for non-Aboriginal students. In addition, assume that the segregated schools account
for an arbitrarily large portion of the students. In the Fryer and Levitt decomposition, the within-school gap would
be (d-c), and the between-school gap would be (b-a)-(d-c). In the Hanushek-Rivkin decomposition, the within-
school gap would be zero and the between-school gap would be (b-a). As one might expect from this example, the
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Table 10 reports both decompositions. According to both methods, the between-school
component of the gap in grade 7 test scores is substantial; ranging from 34% (Fryer-Levitt) to
45% (Hanushek-Rivkin) in reading, and from 40% to 49% in numeracy. The between-school
component of the gap in reading test scores gains is slightly larger than in reading test score
levels, ranging from 37% to 47%, and is substantially larger in numeracy, ranging from 59% to
63%. While substantial, between-school factors appear to be somewhat less important in B.C.
than in Texas, where Hanushek and Rivkin (2006) report that over 75% of the growth between
grades 3 and 8 in the black/white test score gap is accounted for by between-school factors.

5 How important are peers?

Given the substantial amount of sorting of Aboriginal and non-Aboriginal students across
schools, the differences in their achievement levels and growth, and the sizable between-school
component of the overall mean test score gap, the hypothesis that differences in school quality
contribute to the relatively low achievement levels of Aboriginal students warrants serious
consideration. Hanushek and Rivkin (2006) and Hanushek, Kain and Rivkin (2009) find that
observable school-level factors including teacher experience, student turnover and the racial
composition of the student body explain a significant proportion of the black/white achievement
gap in Texas. Our data do not include measures of school inputs such as teacher salaries,
accreditation and experience or class size. In any case, the provincial funding formula described
earlier implies that variation in the quality of teaching inputs across schools is likely to be
considerably smaller in B.C. than in U.S. jurisdictions that rely on local taxation to support

schools. However, if peer effects are important, differences in peer group composition may be

Hanushek-Rivkin decomposition generally produces a larger between-school component than does the Fryer-Levitt
decomposition.
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an important dimension along which Aboriginal and non-Aboriginal students experience
differences in average school quality.

The term “peer effects” is used in this paper to incorporate a wide variety of direct and indirect
effects of the composition of a student’s peer group on his or her educational outcomes. Some
peer effects operate within the classroom and on a daily basis, while other peer effects operate at
the school level and/or over a longer term. Within the classroom, a low-achieving peer group
may reinforce negative social norms, or may provide fewer opportunities for students to learn
from other students. Families with limited resources may be unable to supply classroom public
goods such as volunteering, fundraising, and monitoring. Students with behavioral disorders or
learning disabilities may take instruction time or attention away from classmates. Cultural
factors may also affect classroom dynamics. For example, Aboriginal children with more
Aboriginal classmates may experience less racism and may find more support for a positive
cultural identity, and their parents may be more inclined to participate in the school. In addition
to these direct effects, peers may also affect the learning environment indirectly by affecting
resource allocations. For example, the provincial funding formulas described in Table 1 imply
that additional resources are likely to follow both Aboriginal students and students with special
needs. Principals may also adjust teacher assignments, class sizes, or other resources in response

to year-to-year variation in student needs.

Most of the daily classroom-level mechanisms of peer influence on achievement also operate at
the grade level, and at the school level. In addition, a school’s composition may have substantial
long-term effects on teacher quality. Hanushek, Kain, and Rivkin (2004) find that teachers in
Texas have a much higher rate of exit from schools with a greater proportion of disadvantaged,
minority, or low-achieving students. Scafidi et al. (2007) find that similar exit patterns in
Georgia are driven primarily by teachers exiting schools with high minority shares. If
inexperienced teachers tend to be less effective, or if effective teachers are more mobile than are
ineffective teachers, then schools with a higher proportion of minority students will tend to have
less effective teachers. By analogy, these U.S.-based results suggest that schools with a larger
proportion of Aboriginal students may face substantial difficulty in hiring and retaining effective

teachers.
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These examples suggest that the peer environment of Aboriginal students can either help or
hinder their achievement, making the net effect an unsettled empirical question. A growing body
of evidence with respect to the role of racial segregation and peer effects in the U.S. has
produced mixed results (e.g. Rivkin and Welch 2006, Card and Rothstein 2007). In the
Canadian context, Friesen and Krauth (2008) find significant peer effects associated with some
home language groups on the test scores of non-Aboriginal students in data from British

Columbia drawn from the same administrative file used in this paper.

Richards et al. (2008) use cross-sectional data based on the same data source to estimate the
relationship between the school-level proportion of Aboriginal students who “meet or exceed
expectations” (the meets/exceeds expectations ratio or MER) and two variables intended to
capture what they call “in-school dynamics” or peer effects. Their school-level regressions
include measures of student socioeconomic characteristics and several variables that are
measured at the school district level. They find a positive relationship between the school-level
Aboriginal MER and the MER of non-Aboriginal students in the same school, and a negative
relationship between the school-level Aboriginal MER and the number of Aboriginal students
who write the exam. They interpret the first relationship as evidence of positive spillovers from
high-achieving non-Aboriginal students to their Aboriginal schoolmates, and the second

relationship as evidence of negative peer effects among Aboriginal students.

However, these causal interpretations are questionable. Manski (1993, 1995) demonstrates that
peer effects are in general not identified from cross-sectional data whenever the assignment of
individuals to peer groups is nonrandom. The assignment of a student to a school is a clear
example of nonrandom selection. Families make choices about residential location, private
schooling, and enrollment in special programs like French Immersion, and these choices
determine where a child attends school. The family’s resources and preferences will affect these
choices, and will affect the allocation of parental time. If preferences or resources vary
systematically by background characteristics, the background characteristics of a student’s peer

group will be correlated with both school quality and the student’s own private resources.
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In this case, the measured cross-sectional relationship between the MER of Aboriginal and non-
Aboriginal students in the same school will provide a biased measure of any true peer effects if
there is unobserved variation in school inputs that affects non-Aboriginal and Aboriginal
students in the same direction, or if the Aboriginal students who choose to attend schools where
non-Aboriginal students perform better than expected are themselves above-average. Both of
these scenarios seem quite plausible. The measured cross-sectional relationship between the
school-level Aboriginal MER and the number of Aboriginal students with test scores will
provide a biased estimate of peer effects if Aboriginal students who are more disadvantaged tend
to be concentrated in a subset of schools, or if schools with more Aboriginal students have fewer
resources or less experienced teachers.™ Our approach to estimating Aboriginal peer effects,
described next, addresses these potentially confounding issues.

5.1  Model specification and research design

In order to distinguish between peer effects and unobserved factors that could confound our
estimates, we use a now-standard method for estimating peer effects in education that uses
individual student-level panel data from multiple cohorts of students within each school,*® and
exploits the small but plausibly random year-to-year variation in peer group composition within
a school to consistently estimate grade- level peer effects, while allowing for systematic cross-
school variation in school or student quality. This approach has been used by a number of
authors in varying contexts (e.g. Hoxby 2000; Hanushek, Kain and Rivkin 2009; Cooley 2008;
Lavy, Paserman and Schlosser 2007), and provides relatively clean identification but with some
important limitations. First, it captures only within-grade peer effects, including within-
classroom effects. Peer effects operating at the school or neighborhood level will be included in
the school fixed effect. Most of the mechanisms underlying school-level peer effects also appear

at the grade level, so it may be reasonable to interpret the sign and relative magnitude of grade-

4 A further problem arises because the authors do not include Aboriginal students who do not write the FSA exams
in their count of Aboriginal peers.

15 Like both Hoxby and Hanushek et al., we measure peer composition at the grade rather than the classroom level
and therefore avoid selection effects associated with classroom assignment. Betts and Zau (2005) are able to
distinguish between classroom and grade-level peer effects in their administrative data set from San Diego. Their
results indicate that most of the effect of peers’ achievement on individual achievement is related to classroom peers
in mathematics, and to both classroom and grade level peers in reading. They find that including only grade level
peer effects results in somewhat smaller coefficient estimates, but does not change the overall pattern of the results.

19



level effects as evidence on the sign and relative magnitude of peer effects at a higher level.
However, such an interpretation relies heavily on extrapolation. The second limitation arises
because within-school variation in peer group composition is relatively small. Using the
measured effect of these small within-school changes in composition to infer the effect of larger
between-school differences also relies heavily on extrapolation, and may miss important

nonlinearities.

The model is constructed as follows. Students are indexed by i=1,2, ...,n; schools by s=1,2, ...,S;
grades by g=4,7; and time by r=1,2,...,T. FSA exam subjects (i.e. reading and numeracy) are
indexed by j=1,2. Let yji,g be the score of student i on exam j in grade g. Let t(i,g) be the school
year in which the student takes grade g, and let s(i,g) be the school student i attends in grade g.
Let Xig4 be a vector of student i’s individual background characteristics in grade g, and let the

vector X ;.o Pe the average value of X among student ’is same-grade schoolmates in grade g. Our

value-added regression model takes the form:

J J _ pj i J J J J
Yiz = Yia = B Xiz + VX7 + Sy T sy + Vs T Wiz ©)

J J v J J _
E (vs(i,7),t(i,7) + Ui, X7, Xi7s 5t(i,7)'as(i,7)) =0 (4)

where A and A are vectors of parameters to be estimated, 5‘}0,7) is an unobserved year-specific
fixed effect, aly;7)is an unobserved school-specific fixed effect, Vis;7)i.7) is an unobserved
school-and-year-specific effect and u);; is an unobserved individual-specific effect The content
of our identifying assumption is similar to that in the related literature; while the overall
composition of a school may be systematically related to unobserved school and student
characteristics, the small cohort-to-cohort fluctuations in composition within a school may be
considered essentially random and thus unrelated to cohort-to-cohort fluctuations in other
unobserved factors. We allow for within-group common shocks like, for example, an instructor
being replaced with a lower-skilled substitute while on parental leave, provided these shocks are

unrelated (in conditional mean) to the observed composition of the group.

Equation (3) takes the same form as the simple value-added (SVA) model commonly used to

estimate education production functions in the education literature. An alternative, sometimes
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called the modified value-added (MVA) model, adds the lagged test score as a control variable.
Both models are often interpreted as reduced-form estimating equations for a structural model in
which the current test score is a function of cumulative inputs to the production function for
student knowledge. Todd and Wolpin (2003) show that this interpretation requires two strong
assumptions. First, the earlier test score must be a sufficient statistic for all relevant prior inputs,
including initial ability. Second, all current inputs that are correlated with the earlier test score
must be observed. This rules out, for example, any increased attention by parents and schools in
response to a student’s disappointing performance on the first exam. The SVA model further
requires that these prior inputs should have the same effect on current performance as on past
performance. While the MVA model thus has the advantage of being more general, we use the
SVA model because the MV A model risks substantial bias from measurement error in the earlier
test score. In either case, Todd and Wolpin’s critique of value-added models suggests that our
results are best interpreted as measuring a reduced form “policy” effect rather than structural

parameters of the production function. *°

Finally, we note that nonparticipation has the potential to bias our results unless:

E (vg(i,7),t(i,7) + u{;7 X7 Kiz, 5g(i,7)'a£(i,7)'pi};7 = 1) =0 (5)
where p is an indicator of exam participation. That is, exam participation may differ
systematically by school, year, and observed characteristics, but cannot differ by any unobserved
individual-specific or school-year-specific factors that affect value added outcomes. To the
extent that students with low value-added achievement are overrepresented among

nonparticipants, our estimated effects may be understated.

18A further complication in interpreting our regression coefficients as parameters of a cumulative-input education
production function is introduced by the fact that there is a three-year gap between exams. Our main regressions
only include measures of grade 7 inputs, including both peer characteristics and the school fixed effect. With
unlimited data it would be preferable to include grade 5 and 6 inputs as well, including grade-specific school fixed
effects. As such an approach would rapidly exhaust degrees of freedom in our regressions, we prefer to estimate
models with grade 7 inputs only. These results should be interpreted with the caveat that grade 7 peer characteristics
are also acting as a proxy for grade 5 and 6 peer characteristics. This issue would still be present (though to a
substantially lesser degree) in data with annual testing: students change schools during the year, and the peer group
measured on a particular day during the year is used as a proxy for the peer group during the year as a whole.
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5.2 Results

The population in our regression analysis is B.C. public and private school students who attended
grade 7 between 2002/2003 and 2004/2005, and who were enrolled in grade 4 in B.C. in
1999/2000 or later. All specifications are estimated from the population of Aboriginal students
for whom the relevant outcome is observed, while the school-grade compositional variables are
based on the entire population of enrolled students, including both non-Aboriginal students and
students who do not take the exam. The individual-level control variables include gender and
current special needs category, if applicable, and the peer measures include the proportion of
same-grade peers who are Aboriginal, male, and classified as having various types of disabilities.
Table 11 provides means of the peer variables for Aboriginal and non-Aboriginal students;
means for the other variables are reported in Table 7.

Our regression results are reported in Table 12. School and year fixed effects are included in all
specifications, and estimated standard errors are robust to clustering at the school-year level.
Peer group composition is being reported in decimal rather than percentage units, so each
coefficient can be interpreted as the exam score increase (in standard deviations) associated with
the percentage of peers in a given category increasing from 0% to 100%. The specification in
column (1) includes an individual control for gender along with the percent male and percent
Aboriginal. The specification in column (2) adds controls for own and peer disability status,

while column (3) distinguishes between learning/behavioural disability and other disability.*’

The coefficients for the individual characteristics differ in some cases from the estimates in
Table 9. In particular, the coefficient on behavioural disabilities is smaller and statistically
insignificant when peer characteristics are included in the model and the sample includes
Aboriginal students only. On the other hand, having a disability in the “other” category appears

to have a larger effect on reading scores than would be suggested by the results in Table 9.

7 This disaggregation of special needs into three categories follows work by Hanushek, Kain and Rivkin (2002) and
Friesen, Hickey and Krauth (2009). Learning and behavioural disabilities together account for about 70% of
disabled students in B.C.
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Turning to the peer effects estimates, our results are consistent with those found elsewhere in the
literature that male peers are associated with lower test score gains (e.g. Hoxby 2000, Lavy and
Schlosser 2007). This result is statistically significant in the case of the numeracy exam.
Interestingly, the effect of Aboriginal peers is positive in all specifications, and it is statistically
significant in our base specification for the numeracy exam. Peers with learning or behaviour
disabilities are associated with lower test score growth in numeracy, although these estimates
again are statistically insignificant. Moreover, they are quite small in magnitude given the range
of variation in our data. Peers who have other disabilities have a positive influence on
Aboriginal students’ test score gains. This result is consistent with other research for non-
Aboriginal students in B.C. that finds a positive effect of students with “other” disabilities on the
test scores of disabled non-Aboriginal students (Friesen, Hickey and Krauth 2009), and could be

the result of the extensive resources directed towards some of these students.

To get an idea of the magnitude of these peer effect estimates, Table 12 also includes an estimate
of the “Total peer effect.” The total peer effect is defined here as the change in predicted
outcome implied by a change in peer group from one identical to the average peer group of non-
Aboriginal students to one identical to the average peer group of Aboriginal students, i.e.:

TPE = A(X4 — XN4) (6)
where 1 is the estimated vector of peer effect coefficients, X4 is the vector of average peer group
composition for Aboriginal students and X4 is the corresponding vector for non-Aboriginal
students. The reported standard errors are estimated treating (X4 — X"4) as fixed and using the

cluster-robust covariance matrix estimator for 1.

As the table shows, the total peer effect is consistently positive but statistically significant: the
typical peer group of an Aboriginal student is estimated to increase his or her numeracy test
score by 4.4 to 4.7 percent of a standard deviation, and to increase his or her reading score by
approximately 1.7 percent of a standard deviation. These quantities are small relative to the gap
in test score levels (60% of a standard deviation for both subjects), but large in comparison to the
gap in test score gains (5% of a standard deviation for numeracy and 9% of a standard deviation
for reading). One limitation of this measure of the total peer effect is that it only includes those

avenues of peer influence that are detectable through year-to-year variation within a school.
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Long-run effects of school composition on teacher quality, social norms, and resource
availability may not appear in this calculation.

Finally, these results have some implication for the achievement gap decompositions in Section
4.2. These decompositions aim to characterize the proportion of the achievement gap that might
be attributable to differences in school quality. A nonzero peer effect complicates this
interpretation, because school quality as measured by these decompositions includes peer quality
and therefore is not invariant to who attends the school. For example, suppose that the only
difference between “good” school A and “bad” school B is peer quality. In that case, an
individual student would benefit from a move from school B to school A, but switching all
students between the two schools would leave all student outcomes unchanged. The case here is
actually somewhat different: because the effect of Aboriginal peers is positive, the difference in
school quality excluding peer quality is actually larger than the difference including peer quality.

6 Conclusion

Our estimates show that about half of the growth in the test score gap between Aboriginal and
non-Aboriginal students between grades 4 and 7 can be accounted for by between-school factors,
so the potential role of differences in school characteristics in explaining the overall achievement
gap is substantial. However, the funding formula used in B.C. directs greater resources into
school districts with greater numbers of Aboriginal students and students with special needs, so it
seems unlikely that the achievement gap between Aboriginal and non-Aboriginal students is
explained by a relative lack of financial resources in schools that Aboriginal students attend. It is
possible that these schools are less successful at attracting skilled teachers; unfortunately, our
data do not allow us to explore this hypothesis. Aboriginal and non-Aboriginal students are
sorted across schools so that the average Aboriginal student has a substantially higher proportion
of Aboriginal peers and peers with disabilities, and we implement a methodology that allows us
to measure plausibly causal effects of small variations in peer composition on student test score
growth.

Our econometric evidence provides little support for the hypothesis that peer composition

contributes to the between-school component of the growth in the test score gap between

24



Aboriginal and non-Aboriginal students. If anything, Aboriginal students may benefit from
attending school with higher concentrations of Aboriginal students and higher concentrations of
students with some disabilities, perhaps because these students bring additional funds. We find
weak evidence that Aboriginal students’ disproportionate exposure to students with learning
disabilities and behavioural disorders may have a moderate adverse impact on their achievement.
These results are consistent with the results of other research on peer effects associated with
disabled students (Hanushek et al. 2002, Friesen, Hickey and Krauth 2009). Given the absence
of evidence that Aboriginal students’ peers have a substantial influence on their academic
performance, it is tempting to conclude that school choice policies, such as voucher systems,
could not contribute much to the academic achievement of Aboriginal students. However, it is
important to bear in mind that our methodology uses small year-to-year changes in peer
composition within a school to identify peer effects, and the results may not generalize to larger
differences between schools in peer composition, particularly if there are substantial
nonlinearities either in peer effects or in the long-run relationship between school composition

and school operations.
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Tables

Table 1: Per student operating grants to B.C. public school districts.

Category before March 2002 after March 2002
Base amount 3,042 5,308
Aboriginal supplement 755 — 1,030 950
1,230 (Year 1)
ESL supplement 1,060 (Years 2-5) 1,100
Special needs supplements:
Dependent 31,910 30,000
Low incidence/high cost 12,460 15,000
Severe behaviour 6,014 6,000
High incidence/low cost 3,132 0
Gifted 341 0

Source: British Columbia Ministry of Education (2002), page 4.
amount per student depends on total number of Aboriginal students in the district.

Table 2: Achievement levels and growth, grade 7 students 2002-2004.

Variable Non- Aboriginal Total Difference
Aboriginal
Grade 7 numeracy score
Mean 0.05 -0.57 0.00 0.62
Standard deviation 0.99 0.87 1.00
25" percentile -0.70 -1.20  -0.75 0.51
Median -0.04 -0.70 -0.09 0.66
75" percentile 0.72 -0.05 0.67 0.77
Grade 7 reading score
Mean 0.06 -0.58 0.00 0.64
Standard deviation 0.98 1.01 1.00
25" percentile -0.62 -1.34  -0.69 0.71
Median 0.08 -0.62  0.03 0.70
75" percentile 0.76 015 0.73 0.61
Gain in numeracy score
Mean -0.03 -0.08 -0.04 0.05
Standard deviation 0.81 0.76 0.81
25" percentile -0.55 -0.57 -0.55 0.02
Median -0.03 -0.07 -0.04 0.03
75" percentile 0.48 0.42 0.8 0.06
Gain in reading score
Mean 0.01 -0.08 0.01 0.09
Standard deviation 0.79 0.78 0.79
25" percentile -0.48 -0.56 -0.48 0.08
Median 0.03 -0.08  0.02 0.11

75" percentile 0.53 0.43 0.52 0.10




Table 3: Participation in FSA exams, grade 7 students 2002-2004.

Variable Non-Aboriginal Aboriginal Total
% taking grade 7 numeracy exam 90.7 772 89.4
% taking grade 7 reading exam 91.6 80.4 90.6
% excused from grade 7 numeracy exam 4.2 10.9 4.8
% excused from grade 7 reading exam 4.2 10.1 4.7
% without numeracy gain data 124 28.7 140
% without reading gain data 10.9 25.8 123

Table 4: Trends in numeracy exam participation, grade 4 and 7 Aboriginal students 1999-2004.

Year Grade 4 Numeracy Grade 7 Numeracy
% Taking % Excused % Taking % Excused
1999 83.6 7.9 83.6 6.7
2000 82.8 7.8 80.5 9.7
2001 81.7 11.4 77.6 12.8
2002 79.4 9.8 77.9 10.7
2003 78.2 10.8 76.4 11.8
2004 79.0 9.8 74.8 11.1

Table 5: Characteristics of Aboriginal students by participation in grade 7 numeracy exam, 2002-2004.

Participation in grade 7 exam

Variable Took Unexcused Excused
Total

exam  absence absence
Grade 4 numeracy score -0.5 -0.8 1.2 -05
% excused from grade 4 numeracy exam 3.2 15.2 37.9 8.2
% took grade 4 humeracy exam 91.3 73.7 46.4 84.6
% male 49.0 52.0 61.9 50.8

% with identified disability in grade 7 10.2 28.2 62.4 18.0




Table 6: Bounds on achievement under alternative assumptions about nonparticipants, grade 7 students

2002-2004.
Bounds on Mean Bounds on Median
Variable Nqn? Aboriginal Difference No_n? Aboriginal Difference
Aboriginal Aboriginal
Grade 7 Numeracy score
Worst-case bounds - - - [-0.17,0.10] [-1.00,-0.35] [0.18,1.10]
Increasing participation [-0.14, 0.05] [-0.89,-0.57] [0.43,0.94] [-0.17,-0.04] [-1.00,-0.70] [0.53,0.96]
Exogenous participation 0.05 -0.57 0.62 -0.04 -0.70 0.66
Grade 7 Reading score
Worst-case bounds - - - [-0.04,0.20] [-0.96,-0.28] [0.24,1.16]
Increasing participation [-0.12,0.06] [-0.86,-0.58]  [0.46, 0.92] [-0.04,0.08] [-0.96,-0.62] [0.58,1.04]
Exogenous participation 0.06 -0.58 0.64 0.08 -0.62 0.70

Table 7: Characteristics of grade 7 students 2002-2004 (percent).

All Students

Exam Participants Only

Variable xgg;’iginal Aboriginal Total ng;’iginal Aboriginal Total
# of observations 139,610 14,167 153,777 129,934 11,737 141,671
% of total 90.8 9.2 100.0 91.7 8.3 100.0
% taking numeracy exam 90.7 77.2 89.4 97.4 93.2 97.1
% taking reading exam 91.6 80.4 90.6 98.4 97.0 98.3
Male 51.3 50.8 51.3 50.7 48.9 50.5
Disabled 7.1 18.0 8.1 5.0 11.2 55
Physical/sensory disability 1.1 2.2 1.2 0.7 1.1 0.7
Intellectual disability or autism 1.1 3.3 1.3 0.3 0.7 0.3
Severe behavioral disorder 0.8 3.4 1.0 0.5 2.1 0.7
Moderate behavioral disorder 1.1 3.4 1.3 1.0 3.0 1.2
Learning disability 3.0 5.8 3.3 2.5 4.3 2.7
Gifted 2.4 0.7 2.2 2.5 0.8 2.4

“Exam participants” are students that took the grade 7 exam in at least one of the two subjects.
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Table 8: Levels regression (dependent variable is grade 7 exam score), all grade 7 students 2002-2004.

Variable Numeracy exam Reading exam
1) (2 3) (4) 1) (2 3) (4)
School fixed effects N N Y Y N N Y Y
Aboriginal -0.62”" -058"" -0.357 -0.35" -0.647 -0.607" -0.40"" -0.43""
(0.02) (0.02) (0.01) (0.01) (0.02) (0.02) (0.02) (0.02)
Male 0.14™ 0157 0157 -0.24™ 024" -0247
(0.01)  (0.01) (0.01) (0.01) (0.01) (0.01)
Learning disability -0.76™ -0.707 -0.747 -0.847" -0.807" -0.827"
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
Behavioural disorder -0.627 -051"" -0557 -0.58™" -048"" -0.52
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
Other disability -0.62™ -055" -056 -0.687° -0.617 -0.60""
(0.03)  (0.03)  (0.03) (0.03)  (0.03)  (0.03)
Aboriginal interacted with:
Male -0.04” 0.05"
(0.02) (0.02)
Learning disability 0.29" 0177
(0.04) (0.05)
Behavioural disorder 0.20™ 0.18™
(0.04) (0.05)
Other disability 0.09 -0.06
(0.07) (0.07)
Observations 138745 138744 138744 138744 140457 140456 140456 140456
R? 0.03 0.05 0.19 0.19 0.03 0.08 0.17 0.17

Cluster-robust standard errors in parentheses

™ p<0.01, ™ p<0.05, * p<0.1
Year fixed effects in all regressions.
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Table 9: Value-added regression (dependent variable is difference between grade 7 and grade 4 exam score),
all grade 7 students 2002-2004.

Variable Numeracy exam Reading exam
1) (2 3) (4) €)) (2 3) (4)
School fixed effects N N Y Y N N Y Y
Aboriginal -0.04™  -0.047" -0.02 0.00 -0.097 -0.097 -0.06" -0.05"
(0.01)  (0.01) (0.01) (0.01)  (0.01)  (0.01) (0.01) (0.01)
Male 0.027"  0.0277 0.027 -0.09™"  -0.097" -0.097"
(0.00)  (0.00)  (0.00) (0.01) (0.00) (0.01)
Learning disability -0.01 0.02 0.02 -0.01 0.00 -0.00
(0.02)  (0.02) (0.02) (0.02) (0.02) (0.02)
Behavioural disorder -0.09™ -0.06"" -0.07" -0.08™"  -0.077" -007
(0.02)  (0.02) (0.02) (0.02) (0.02) (0.02)
Other disability -0.07” -0.04 -0.05 0137 0117 -0.097"
(0.03)  (0.03)  (0.03) (0.03) (0.03) (0.03)
Aboriginal interacted
with:
Male -0.04” -0.01
(0.02) (0.02)
Learning disability -0.02 0.04
(0.06) (0.06)
Behavioural disorder 0.03 0.03
(0.04) (0.05)
Other disability 0.11 -0.10
(0.08) (0.08)
Observations 122438 122438 122438 122438 124761 124761 124761 124761
R? 0.00 0.00 0.12 0.12 0.00 0.00 0.06 0.06

Cluster-robust standard errors in parentheses
p<0.01, p<0.05, p<0.1
Year fixed effects in all regressions.

Table 10. Decomposition of Aboriginal/non-Aboriginal test score gaps, all grade 7 students, 2002-2004.

Description

Numeracy exam

Reading exam

Grade 7 Growth Grade7  Growth

Overall gap 0.619 0.041 0.638 0.089
Fryer-Levitt decomposition:

Between schools 0.243 0.024 0.216 0.033

Within schools 0.376 0.017 0.423 0.056
Hanushek-Rivkin decomposition:

Between schools 0.306 0.026 0.287 0.042

Within schools 0.313 0.014 0.351 0.047
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Table 11: Peer characteristics of

grade 7 students 2002-2004.

Variable

Non-Aboriginal Aboriginal Total

% Male peers

% Aboriginal peers

% English-language peers

% ESL peers

% disabled peers

% peers with learning/behavioral d

% peers with other disability

51.2 51.7 513
(10.0) (10.4) (10.1)
7.5 26.0 9.2
(9.5) (26.3) (13.2)
80.0 90.6  80.9
(25.0) (17.4) (24.6)
5.7 6.4 5.7
(9.9 (12.4) (9.7)
7.8 11.1 8.1
(6.5) 9.2) (6.9
isability 4.4 5.8 4.5
(4.5) 6.2) (4.7
3.4 53 3.6
(4.0) (6.3) (4.3

Table 12: Value-added regression for effect of peer background characteristics (dependent variable is
difference between grade 7 and grade 4 exam score), grade 7 Aboriginal students 2002-2004.

Standard deviations in parentheses

Numeracy exam

Reading exam

variable “w» @ @ O @ @
Individual variables:
Male 003 -003 -0.02 -0.117" -0.107 -0.107"
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
Disabled -0.01 -0.04
(0.03) (0.03)
Learning disability -0.01 0.05
(0.06) (0.06)
Behavioural disorder -0.03 -0.06
(0.04) (0.04)
Other disability 0.09 -0.217
(0.08) (0.08)
Peer variables:
% male peers -0.19 -0.18 -0.18 -0.12 -0.13 -0.13
(0.11) (0.12) (0.12) (0.10) (0.10) (0.10)
% Aboriginal peers 0.26 0.26 0.24 0.08 0.07 0.07
(0.16) (0.16) (0.16) (0.14) (0.14) (0.14)
% disabled -0.03 0.12
(0.18) (0.19)
% learning/behavioral disability -0.23 0.09
(0.23) (0.24)
% other disability 0.22 0.14
(0.26) (0.26)
Total peer effect 0.047 0.046  0.045 0.015 0.016 0.017
(0.029) (0.030) (0.030) (0.026) (0.026) (0.026)
Observations 9611 9611 9611 10006 10006 10006
R? 0.21 0.21 0.21 0.17 0.17 0.17

Cluster-robust standard errors in parentheses
“ p<0.01, ™ p<0.05, " p<0.1
School and year fixed effects in all regressions.

“Total peer effect” is the predicted change in outcome implied by changing from the average peer group of non-

Aboriginal students to the average peer group of Aboriginal students. See text for details.
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Figures

Figure 1. Frequency of school percent Aboriginal, grade 7, 2002, 2003 and 2004
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Figure 2. Frequency of percent Aboriginal peers, Aboriginal students, grade 7, 2002, 2003 and 2004.
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Figure 3. Frequency of percent Aboriginal peers, non-Aboriginal students, grade 7, 2002, 2003 and 2004.
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Not-for-publication appendix

This appendix provides additional results and robustness checks in support of the main paper.

Al Robustness of results to handling of incomplete exam data

Some students participate in some exams but not others. In the main text, we have chosen to
include students in our data whenever possible. For example, Table 2 reports the mean grade 7
numeracy score for all students who took that exam, whether or not they took the other exams.

An alternative is to report results for a common sample of students with complete data.

Table Al reproduces the summary statistics reported in Table 2, but with the sample restricted to
only those students that took both exams in both grades. The results are similar to those in Table
2. As one might expect, scores are slightly higher among students who take all exams than
among students that miss at least one exam. In addition, the gap in grade 7 reading scores is

slightly smaller.

Table A2 reproduces the levels regression of Table 8 using a sample restricted to those students
who took the exam in both grades, and thus appeared in the value-added regressions of Table 9.

The results are similar to those reported in Table 8.

A2 Additional bounds

Table A3 reports bounds on test score gains, calculated in a manner similar to the bounds on
grade 7 test scores reported in Table 6. Table A3 also reports bounds on test scores and test

score gains using the method developed by Lee (2009).

The worst case and exogenous participation bounds are calculated as in Table 6. The increasing
participation bounds are calculated under the assumption that the test score gain of students with
missing gain scores is bounded below by -2.0 standard deviations, and that the probability of
participation is increasing in the achievement gain. As Table A3 shows, the bounds on test score

gains tend to be substantially less informative than the corresponding bounds on test score levels.
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Table A3 also reports bounds on average test scores and the test score gap using the method
developed by Lee (2009). In contrast to the conventional approach of making assumptions about
the unobserved outcomes of nonparticipants, Lee argues for comparing the outcomes of
participants in the low-participation group to the outcomes of participants in a trimmed sample of
the high-participation group. The proportion of cases to be trimmed is

ticipati - ticipati .. . . .. . . R
p = BEEPTOTHTPAT EPATOTL \where participationy, is the participation rate in the high-

participationy

participation group, and participation, is the participation rate in the low-participation group.
The lower bound for mean/median in the high participation group is estimated by trimming the
top P of scores, while the upper bound is estimated by trimming the bottom P. For example we
compare the average numeracy score of the 77% of Aboriginal students who took the numeracy
exam to the range of average numeracy scores we would get after trimming the non-Aboriginal

sample to have a participation rate of 77%.

We can compare the Lee bounds in Table A3 to those reported in Table 6 under the assumption
that participation rates are increasing in achievement. The Lee bounds on the mean and median
non-Aboriginal test score are substantially wider than the corresponding increasing participation
bounds. However, the Lee bounds on the test score gap are quite similar to the increasing
participation bounds because the sample for the low-participation group (i.e. Aboriginal

students) is not truncated at all.

While this calculation is straightforward, its interpretation is somewhat more complex. Lee’s
method was developed in a treatment effects framework, in which the two groups are
“treatment” and “control.” In that setting, Lee’s calculation can be interpreted as bounding the
average treatment effect among individuals whose participation is unaffected by the treatment.
This interpretation does not apply to our setting, as the relevant counterfactual — the exam
participation that would be observed for a given non-Aboriginal student if that student were
Aboriginal — makes little sense. The Lee bounds could be interpreted as the range of observed
achievement we might see if non-Aboriginal students were to have the same participation rate as
Aboriginal students. However, they do not necessarily bound any specific population parameter

of interest.
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Appendix Tables

Table Al: Achievement levels and growth, grade 7 students with complete outcome data 2002-2004.

Variable Non-Aboriginal Aboriginal Total Difference
Grade 7 numeracy score
Mean 0.06 -0.50 0.02 0.66
Standard deviation 0.98 0.87 0.98
25" percentile -0.67 -1.14 -0.72 0.47
Median -0.03 -0.63 -0.08 0.60
75" percentile 0.72 0.01 0.67 0.71
Grade 7 reading score
Mean 0.11 -0.47 0.07 0.58
Standard deviation 0.96 0.99 0.97
25" percentile -0.55 -1.19 -0.61 0.64
Median 0.13 -0.49 0.09 0.62
75" percentile 0.80 0.25 0.76 0.55
Gain in numeracy score
Mean -0.03 -0.08 -0.04 0.05
Standard deviation 0.81 0.76 0.81
25" percentile -0.55 -0.57 -0.55 0.02
Median -0.03 -0.07 -0.04 0.04
75" percentile 0.48 0.42 0.48 0.06
Gain in reading score
Mean 0.01 -0.07 0.01 0.08
Standard deviation 0.79 0.77 0.79
25" percentile -0.47 -0.54 -0.48 0.07
Median 0.03 -0.07 0.02 0.10

75" percentile 0.53 0.43 0.52 0.10




Table A2: Levels regression (dependent variable is grade 7 exam score), grade 7 students with value-added

data 2002-2004.

Variable Numeracy exam Reading exam
1) ) @) (4) @) () ®) (4)
School fixed effects N N Y Y N N Y Y
Aboriginal -0.58™ -0557 -0.337 -0.337" -0.617 -0597 -0.397" -0.427
(0.02) (0.02) (0.01) (0.01) (0.02) (0.02) (0.01) (0.02)
Male 0.14™ 0157 015 -0.2577 0247 -0.247
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Learning disability -0.737 -0677 -0.707 0817 -0.787 -0.797
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
Behavioural disorder -0.59™ -048"" -0527" 0577 0477 -0517
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
Other disability -0.52™ -0467 -047 058" -0.517" -0517
(0.03) (0.03) (0.03) (0.03) (0.03) (0.03)
Aboriginal interacted with:
Male -0.04™ 0.05™
(0.02) (0.02)
Learning disability 0.207" 0.16""
(0.04) (0.05)
Behavioural disorder 0.22"" 0.18™
(0.04) (0.05)
Other disability 0.13 -0.07
(0.09) (0.09)
Observations 122438 122438 122438 122438 124761 124761 124761 124761
R? 0.02 0.05 0.19 0.19 0.03 0.07 0.17 0.17
Cluster-robust standard errors in parentheses
™ p<0.01, ™ p<0.05, " p<0.1
Year fixed effects in all regressions.
Table A3: Additional bounds on achievement, grade 7 students 2002-2004.
Bounds on Mean Bounds on Median
Variable Non-Aboriginal  Aboriginal  Difference  Non-Aboriginal  Aboriginal  Difference
Grade 7 Numeracy score
Lee bounds [-0.24, 0.30] -0.57  [0.33, 0.86] [-0.23, 0.16] -0.70  [0.46,0.86]
Numeracy score gain
Worst-case bounds - - - [-0.17, 0.10] [-0.46,0.31] [-0.49, 0.56]
Increasing participation [-0.28,-0.03] [-0.63,-0.08] [-0.20, 0.59] [-0.17,-0.03] [-0.46,-0.07] [-0.11, 0.42]
Exogenous participation -0.03 -0.08 0.04 -0.03 -0.07 0.03
Lee bounds [-0.20, 0.23] -0.08 [-0.20, 0.28] [-0.19, 0.12] -0.07 [-0.13,0.19]
Grade 7 Reading score
Lee bounds [-0.16, 0.29] -0.58  [0.42, 0.87] [-0.08, 0.24] -0.62 [0.54,0.86]
Reading score gain
Worst-case bounds - - -
Increasing participation [-0.21,0.01] [-0.57,-0.08] [-0.13, 0.59] [-0.09, 0.03] [-0.40,-0.08] [-0.01, 0.43]
Exogenous participation 0.01 -0.08 0.09 0.03 -0.08 0.11
Lee bounds [-0.20, 0.23] -0.08 [-0.12,0.31] [-0.11, 0.16] -0.08 [-0.03,0.24]

Bounds on test score gains are calculated for students attending B.C. schools for both grade 4 and grade 7.
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