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Appendix 1:  Multiple Schools Equilibrium 

 
This appendix extends the model developed in the text to the case where there are 

multiple schools operated by each of the two competing systems.  To simplify notation, define a 

neighborhood by the identity of its assigned schools: thus students in neighborhood (j,k) can 

attend either public school j or separate school k.   Let n2jk represent the number of Catholic 

students in neighborhood (j,k) and let  

 sjk(ΔQjk, Δtjk) = ∫ F[ δi + βΔQjk  − γΔtjk ] h(δi|j,k) dδi   

represent the share of these students who attend public school j, given the quality differential 

ΔQjk and relative travel costs Δtjk.  Public school j’s attendance zone includes n1j non-Catholic 

students and n2j = Σk n2jk Catholic students (with similar expressions for separate school k).  

Total enrollment at public school j is therefore 

 Ej =   n1j   +  n2j  Σk n2jk/n2j  sjk(ΔQjk, Δtjk) , 

while total enrollment at separate school k is 

 Ek =  n2k  Σj n2jk/n2k  (1–sjk(ΔQjk, Δtjk)) . 

 Assuming that school quality depends on managerial effort as before, and that school 

managers have the same objective function specified earlier, the first order condition for the 

effort choice of the manager of the jth public school is 

(A1) θ (n2j/nj) { Σk (n2jk/n2j) ∂sjk(ΔQjk, Δtjk)/∂ΔQ }  q′(ej)   −   1  =  0  , 

while the corresponding condition for the manager of the kth separate school is 

(A2) θ (n2k/nk) { Σj (n2jk/n2k) ∂sjk(ΔQjk, Δtjk)/∂ΔQ } q′(ek)   −   1  =  0  . 
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As a benchmark, consider the case in which: (i) the distribution of tastes is the same in all 

neighborhoods (i.e., h(δi|j,k)= h(δi));  (ii) relative travel costs are the same in all neighborhoods 

(i.e., Δtjk= Δt); (iii) the relative fraction of Catholic students is constant and equal to n2/n across 

all neighborhoods.  Under these conditions, 

sjk(ΔQjk, Δtjk) = s(ΔQjk, Δt)  ≡  ∫ F[δi + βΔQjk − γΔt] h(δi)dδi , 

and the effort game has a symmetric equilibrium with ej= ek=e*, where e* satisfies the condition 

(A3) θ (n2/n) ∂s(0, Δt)/∂ΔQ  q′(e*)  –   1   =  0. 

This is the same as the equilibrium condition in the two-school case given by equation (6) in the 

text.  

More generally, in a multi-school setting the incentives for effort of the manager of a 

given school depend on the fraction of students in the catchment area who can potentially move 

to the other system, and on a weighted average of the derivatives of the enrollment share in each 

neighborhood with respect to relative school quality (i.e., Σk (n2jk/n2j) ∂sjk(ΔQjk, Δtjk)/∂ΔQ).  As 

in the simpler two-school setting, this derivative is closely related to the sensitivity of enrollment 

to a change in the number of nearby schools operated by the competing system.  In particular, 

using a slight modification of equations (7) and (8) it is easy to show that schools with market 

shares that are more sensitive to quality will lose more students when the opposing system opens 

a new school nearby.   
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Appendix 2: Construction of Schools and Test Score Data 
 

All data on Ontario schools were obtained from the Ministry of Education under several 

Freedom of Information Requests. The following basic school information was provided: school 

identification number, school name, school type, board affiliation, and last known address.1 This 

information was requested for all schools that were in existence at any point from 1990 to the 

present. From this information, we identified a set of publicly funded, English speaking public 

and separate schools. This set of schools includes French Immersion programs in English 

speaking schools. From this set of schools, we excluded any school that we could identify as 

being a school operated for the mentally ill, prisons, and other types of special populations.2 

For each school year, the Ministry provided enrollments for each grade based on the fall 

enrollment reports the schools were required to complete. From these enrollment figures we 

identified the set of schools for which a school had positive enrollment for one or more grades 

between 1st and 6th grades during the sample period. 

Identification of an Opening or Closing 

We tracked openings and closings of schools that offer grades 2, 3, and/or 4 in the 

opening or closing year.3 To be classified as an opening school, enrollment in these grades must 

be positive in a given year (the “opening year”) and total enrollment must be zero in previous 

years.  Similarly, to be classified as a closing school, enrollment in grades 2, 3, and/or 4 must be 

positive in a given year and total enrollment must be zero in the next year (the “closing year”) 

and all subsequent years. We ignore schools that open and close in the same year (i.e., only have 
                                                
1 If a school moved locations during the period under study, we do not observe the move. 
2 In the data cleaning process we excluded the following types of schools: schools whose address is located outside 
of the province; schools whose primary population are prisoners or infirmed individuals; schools that only offer 
kindergarten; schools on First Nation reserves; schools that never report a positive enrollment. 
3 This results in our excluding from an analysis “middle” schools that open or close during the sample period. In 
Ontario, most schools offer all grades between 1st and 8th grade. 
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positive enrollment in a single calendar year). Note that schools that expand or contract their 

grade offerings are not treated as opening or closing. Similarly, in a few situations, schools are 

paired together for administrative purposes. When this occurs provincial records show that both 

schools remain in operation but enrollment for the two is reported at only one of the schools. We 

identified these “pairing events” and validated their status with information from the Ministry of 

Education. We ignore enrollment changes arising from pairing events in the identification of an 

opening or closing. 

Special considerations: 

 Schools that change grades. There are a few schools that add or drop grades over 
time. Because these schools were in existence and continue to be in existence we do 
not treat them as openings or closings.  
 

 There are some schools that close, remain closed for several years and then reopen. 
After confirming that the school has not been an annexed school in the intervening 
years (effectively remaining open during the period it appears to have been closed), 
we treat these events as separate events. We identified the following three events:  

o School closed in 1991 and then reopened in 1995.  
o School closed in 1993 and reopened in 1999. 
o School closed in 1995 and reopened in 1997. 

 
 There are a few schools that appear to close in one year and within the next two years 

another school opens in the same location. Depending on changes in enrollments we 
either classify the schools as separate events or assume the events represent more of a 
“name” change than a true closing and opening. We identified seven sets of events 
that we concluded should not be treated as either closing or opening events.  
 

 If a school slowly opens or slowly closes (e.g. increases/decreases the grades 
offered), we will modify the enrollment figures used in our analysis to reflect the 
change in enrollment for the appropriate cohorts of students (e.g. if a school opens 
and initially offers grades 1-3 but then expands to include grades 4-6, we will 
measure the change in enrollment to reflect enrollments for grades 1-3 in year t-1 and 
grades 2-4 in year t) if that school is used in the analysis (it is affected by another 
school that opens or closes). The year used to identify the opening or closing, 
however, is the first/last year the school is observed with positive enrollment, 
respectively. 
 

Linking of school data to test scores 
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Beginning in school year 1998, all publicly funded schools were required to participate in the 

testing of students in grades 3 and 6 using a test instrument developed by the Educational Quality 

and Accountability Office (“EQAO”). The EQAO tests were designed to help schools and school 

boards obtain a better understanding of the effectiveness of the curriculum on obtaining student 

achievement. To date, performance on the EQAO test does not formally affect a school’s budget. 

The test is given in the spring of each academic year. For each of three components mathematics, 

reading, and writing), a student is scored on a scale of 1-4. Over time the duration and other 

aspects of the test have changed. The scale, however, has remained constant with 1 representing 

a well below expectations and 4 representing an exceeds expectation score. 

For schools with more than 15 students, we obtained through a series of Freedom of 

Information requests student level data that contain information on student characteristics and 

performance on the three components of the test (mathematics, reading, and writing). We were 

provided with records for all students that should have sat the EQAO test. Thus, we were 

provided with records of students who only sat for part of the test and who did not sit for any of 

the test. To help control for issues of selection bias from students that might not have randomly 

not sat the exam, we were able to identify for each grade and school the share of test takers with 

no test score and whether these test takers were identified as receiving special education status.4 

We compared the number of potential test takers by grade with the fall enrollment figures 

we had for the schools. Given the enrollment figures were obtained in the fall and the test was 

administered in the spring, we expected there to be some slippage in the enrollment and test taker 

counts. In instances where there was a substantial discrepancy in these counts, we investigated 

the data further. In some instances the school’s unique identifier was miscoded. Because we were 

                                                
4 Over time, the method used to classify students as receiving special education has changed slightly. For each test 
year we attempted to use a consistent method for identifying these students given these constraints. For more 
information on how we addressed and various other issues on student characteristics, please contact the authors. 
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given the name of the school, we were able to use hand checking to identify the appropriate 

school number to use in order to match the test level data with the school level data. 

As explained in more detail in the paper, we observed that some schools had dramatically 

low numbers of students for whom we observe a test score. To refine our estimation, we 

excluded schools with a high number of non-test takers. 

Linking of school data to Census and location measures 

For each school we were given the last known address. We used the first three characters 

of the postal code to identify the “Forward Sortation Area” (FSA) of the school. Using the FSA 

we then matched census data from 1991, 1996, and 2001 to schools. If the current FSA did not 

exist for earlier years, we identified the FSA that most likely was covered historically and used 

census measures across all three periods that corresponded to the area covered by the school for 

all three census years. In some instances the FSA census data were suppressed and/or it was clear 

that the area covered by the FSA did not represent the area that was likely to be the school’s 

catchment area. This usually occurred in rural areas where there was a small town that had a 

distinct FSA from the rural parts. We used the census measures for the broader area when it was 

clear that a school’s enrollment included families residing in both the rural area and the small 

town. 

For each school address, we used data provided by researchers at Carleton University to 

identify the longitude and latitude of each school location. If instances where the school address 

as given as a post office box, we used the longitude and latitude for the centroid of the postal 

code. For more information on the data from this source, please see www.geocoder.ca. 
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Appendix 3: Construction of Circle Data Set 
 

For each opening and closing school we constructed a “pre-defined” circle based on the 

average distance traveled by students to schools in the area.5  We then refined the circle by 

excluding schools that were identified to be within the circle for which there is a physical 

obstacle preventing it from being a reasonable competitor.  These obstacles include expressways, 

ravines, and industrial/commercial areas. We also included schools that were outside of the pre-

defined circle if it appeared that the school was close enough to the opening/closing school to be 

a potential competitor.  Our judgments were based on an examination of detailed satellite images 

that mapped the school addresses.  In instances where the satellite image was unclear and/or the 

few school addresses that could not be found by the mapping software, we used print maps of 

Ontario streets that contain markers for existing and many previously existing schools.6   

Across the 735 identified changes, we identified at least one school in 559 circles.  There 

are 58 public openings, 35 separate openings, 74 public closings, and 10 separate closures for 

which there were no existing schools within a reasonable distance.  We then eliminated circles 

that contained only rural schools that were affected by the change.  This leaves a total of 442 

changes that affected at least one non-rural school. Appendix 3 Table A presents summary 

statistics on the refined circles we have selected by type of change.   

                                                
5	  For	  more	  recent	  years	  of	  the	  school	  enrollment	  data,	  we	  were	  able	  to	  obtain	  counts	  of	  students	  attending	  the	  
school	  based	  on	  their	  postal	  codes.	  	  This	  type	  of	  data	  is	  somewhat	  noisy	  as	  when	  compared	  with	  the	  location	  of	  
the	  school	  there	  can	  be	  unrealistic	  distances	  between	  the	  students	  home	  postal	  code	  and	  the	  school.	  	  Moreover,	  
we	  have	  this	  information	  for	  only	  those	  schools	  that	  were	  operating	  in	  the	  latter	  years	  of	  the	  sample.	  	  We,	  
therefore,	  used	  this	  information	  to	  identify	  a	  baseline	  circle	  size	  of	  the	  catchment	  area	  of	  schools	  located	  in	  a	  given	  
region.	  
6	  To	  define	  the	  circles,	  we	  used	  the	  latitude	  and	  longitude	  of	  the	  school	  based	  on	  its	  most	  recent	  street	  address.	  
While	  information	  on	  latitude	  and	  longitude	  is	  publicly	  available	  from	  several	  sources,	  we	  found	  the	  most	  reliable	  
source	  of	  this	  information	  from	  www.geocoder.ca.	  	  The	  individuals	  that	  provide	  this	  service	  have	  taken	  publicly	  
available	  data	  and	  corrected	  them.	  	  Through	  our	  examination	  of	  printed	  maps	  and	  satellite	  images,	  we	  randomly	  
confirmed	  that	  the	  information	  we	  received	  from	  Geocoder	  was	  better	  than	  the	  information	  from	  government	  
sources.	  	  
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In Panel B of Appendix 3 Table A we report statistics on the circles for which we 

identified at least one non-rural affected school.  The share of circles with existing public schools 

ranges from 86 to 100 percent.  The share of circles with existing separate schools ranges 

between 73 and 95 percent.  For approximately 20-25 percent of the opening circles and 60-65 

percent of the closing circles we excluded schools that were identified in the pre-defined circles.  

For approximately 55-65 percent of the opening schools and 43-50 percent of the closing schools 

we added schools that are located outside of the pre-defined circle.  A small proportion of the 

openings and closings only use schools located outside of the pre-defined circle. 

Example of Circle Modification 

Elkhorn Public School opened in 1996 in North York, a community that is a part of the Toronto 

District School Board.7   In 1996 it had a total enrollment of 297 students.  Students were 

enrolled in grades from kindergarten to grade 4.  In 1997, enrollment grew to 371 and the school 

had students enrolled from kindergarten to grade 5.  For the rest of the sample period, this school 

has had students enrolled in all of these grades.  Approximately 65 percent of the students have a 

primary language other than English.   

For this area, we estimated an average distance to school of 2.2 kilometers.  We identified 

and mapped all schools that were in operation at the time of the opening up to 3.2 kilometers.  

For these schools we mapped the location (based on their addresses) using a satellite image and 

using printed maps that contain the specific location of schools.  Appendix 3 Figure A presents a 

depiction of those schools that were within a radius of just less than 2.2 kilometers.  We do not 

depict the school that are beyond 2.2. kilometers from the school as the decision of whether to 

keep it was based on the decision regarding Lescon Public School (a school within the 2.2 

kilometer radius). 
                                                
7	  On	  the	  location	  of	  this	  school,	  there	  was	  a	  public	  school	  that	  closed	  in	  1985.	  	  
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Depicted are 10 schools, 7 are public and 3 are separate.  Among the public schools is 

Bayview Middle School.  Until 1995 it offered grades kindergarten to grade 8.  From 1996 

onwards, the school has only offered grades 6 to 8.  Thus, it appears that, in part, Elkhorn was 

established to take over the enrollment for Bayview.  Another public school in the area is 

Avondale Elementary Alternative School.  The school is alternative in that it allows for self-

directed learning.  It covers all elementary grades.  Since opening (in 1992), the enrollment has 

been just slightly under 100 students.  The remaining 5 public schools have average enrollments 

in grades 1 to 6 during the sample period that range between 126 and 281 students.  Of the three 

separate schools depicted, average enrollment in grades 1 to 6 ranged between 163 and 296 

students over the sample period.   

There are two issues that caused us to restrict the sample of schools treated as being 

within a close distance of the opened school.  First, there is a major freeway (Highway 401) that 

is located south of Elkhorn.  This resulted the in the exclusion of Dunlace and Harrison Public 

Schools.  Second, there is a ravine.  This excluded two of the three separate schools (Blessed 

Trinity and St. Mathias) and one of the public schools (Lescon).  The remaining schools are 

located within 2 kilometers of Elkhorn.  Given students could reside in areas between Elkhorn 

and these schools, it seems reasonable to include these schools as ones that are potentially 

affected by the opening.   

This leaves, however, only one potentially competing separate school.  Blessed Trinity is 

just beyond the ravine and is close to Finch Public School, a school that is treated as within the 

circle of the opening.  Appendix 3 Figure B provides a more detailed image of the area around 

Blessed Trinity.  The figure shows that Blessed Trinity and Finch schools are separated by two 

major roads.  Moreover, there are few houses that lie in between these schools.  It appears that 
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Blessed Trinity draws its students from the houses that are located north east of the school, an 

area that is farther away from Elkhorn.  Therefore, we decided that this school should not be 

treated as being potentially affected by the opening. 
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Appendix 3 Figure A 
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Appendix 3 Figure B 
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Appendix 3 Table A: Statistics on Circles Around Opening and Closing Schools    

            

Panel A 

  

Total 
number 

of 
events 

  

Number 
with NO 
nearby 
school 

  

Number 
with at 

least one 
non-rural 
school 

      

            

 Public School Opening  252  58  159      
            

 Separate School Opening  169  34  107      
            

 Public School Closure  212  74  97      
            

 Separate School Closure  102  10  79      
                    

            

Panel B: Characteristics 
of Circles That Include 
Non-Rural Affected 
Schools 

  

Percent 
with 1+ 
Public 

Schools 

  

Percent 
with 1+ 

Separate 
Schools 

  

Percent 
that have 
at least 1 
school in 

initial 
circle 

dropped 

  

Percent 
that have 
at least 1 

school 
outside 
initial 
circle 
added 

  

Percent 
that 

have all 
included 
schools 
outside 
initial 
circle  

  

            

 Public School Opening  86.2%  92.5%  27.7%  54.7%  13.8%  

            

 Separate School Opening  86.9%  72.9%  24.3%  64.5%  17.8%  

            

 Public School Closure  96.9%  94.8%  63.9%  43.3%  6.2%  

            

 Separate School Closure  100.0%  81.0%  64.6%  49.4%  1.3%  

                        



16 
 

 

Appendix 4: Comparison of Gain in Scores for All Students and Stayers 
 
 We obtained a file with test results for 138,650 grade 3 students in 2004 and 143,869 

grade 6 test takers in 2007.  This file also includes student identifiers that allow us to classify 

students into 2 broad groups: stayers (those who were at the same school in grade 3 and grade 6); 

and movers.  Movers can be further classified into students who are observed in different schools 

in grade 3 and grade 6, and those who are only observed once, either in grade 3 or grade 6.  The 

latter includes students who entered or left publicly-funded schools in the Province of Ontario 

between grade 3 and grade 6, as well as those whose student identifiers are missing or miscoded. 

 For comparability with our main estimation sample, we deleted records for students 

attending French language schools (11,600 students) and rural schools (51,000 students).  We 

also deleted students attending schools with more than 10% missing identifiers (approximately 

12,800 students), those attending schools with fewer than 10 test takers in each grade, and those 

attending schools where the number of test takers in grade 6 is less than 71% or more than 140% 

of the number of test takers in grade 3.  We also deleted students at schools that cannot be 

matched to neighborhood-level data (from the Census), and students with missing or duplicate 

identifiers.  These deletions result in a sample of 102,240 students who attended one of 1,734 

non-rural elementary schools in grade 3 in 2004 or in grade 6 in 2007.  Of these, 54,241 

(approximately 70% of the students present in either grade 3 or grade 6) are classified as stayers. 

 Appendix 4 Table A presents a comparison of test score results in grades 3 and 6, as well 

as the changes in average test scores between these grades, for all students and for the subgroup 

of stayers.  Stayers have somewhat higher scores in all three tests (reading, mathematics and 

writing), and also have a lower rate of missing test scores.  The gap between all test takers and 

stayers widens slightly between grade 3 and grade 6.  As a result, the test score change for all 
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students between grades 3 and 6 tends to understate the test change for stayers.  The deviation 

between the two changes is presented in column 7 of Appendix 4 Table A.  Expressed as a 

fraction of the standard deviation of test scores (approximately 0.75), the deviation is relatively 

small: 2% of a standard deviation for mathematics, and 1.2% of a standard deviation for reading 

and writing. 

Estimating the Bias in Models Using Gain Scores Based on Full Cohort of Test Takers 

 For our main analysis (Table 7) we data on all test takers in a given school-cohort (i.e., all 

students observed in that school in grade 3 in year t and in grade 6 in year t+3). In the presence 

of student mobility, the estimates from our approach will differ from the estimates that would be 

obtained using only stayers.  To evaluate the biases arising from our “full cohort” approach 

relative to an analysis based on stayers, we constructed school-level estimates of the deviation 

between the change in test scores between grades 3 and 6 for all test takers and the change for 

the stayers only.  We then estimated a series of regression models using the gap in estimated test 

score gains as the dependent variable and the same covariates as in Table 7.  The results are 

presented in Appendix 4 Table B. 

 The models in columns 1, 4, and 7 include only the local Catholic share.  The estimated 

coefficients of this variable are relatively small and statistically insignificant (t-ratio less than 0.6 

in all cases).  The models in the remaining columns include the interaction of the Catholic share 

with the share of new housing, either in combination with the Catholic share variable or alone, or 

as the sole measure of local competition.  The coefficients associated with the interaction are 

uniformly negative, and in the case of reading and mathematics are also relatively large in 

magnitude, though insignificant by conventional standards (t < 1.6 in all cases).  Focusing on the 

specification in columns 3, 6 and 9 that also controls for the fractions of other religious groups, 
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the estimates suggest that the effect of local competition – as measured by the interaction of the 

Catholic share with the share of new housing – is biased in a negative direction (i.e., toward 0) 

by using the change in test scores for the full cohort, rather than for the stayers.   

 In the text we use the estimates from columns 3, 6 and 9 to construct “bias corrected” 

estimates of the effect of local competition on gain scores between 3rd and 6th grades.  Assuming 

that the “true” effect of interest is the effect on stayers, the bias-corrected estimate is the 

coefficient estimate based on the full cohort (i.e., the estimates in columns 4, 8, and 12 in Table 

7) minus the estimated bias term from the corresponding models in columns 3, 6 and 9 of 

Appendix 4 Table B.  Since the latter are obtained from a sample of tests that are not used in the 

estimation sample in Table 7, we assume that the estimated coefficients are independent, 

allowing us to easily construct sampling errors for the bias-corrected estimates. 
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Appendix 4  Table A:   
Comparison of Test Score Levels and Gains for All Students and Stayers (2004-2007 cohort only)  
                     

  
Grade 3 Students 

in 2004   
Grade 6 Students 

in 2007   
Test Score 

Gains:                

 All Stayers  All Stayers  All Stayers  Bias           

  (1) (2)   (3) (4)   (5) (6)   (7)            
 
  Number of Students 77,391 54,241  79,090 54,241                

  Fraction Stayers  0.701   0.686                

                     

Reading Test:                     

  Share Missing Test 0.082 0.066  0.049 0.027                
 
  Average Test Score (1-4 
Scale) 2.639 2.663  2.737 2.770  0.098 0.107  -0.009  

         

 
Mathematics Test:                     

 Share Missing Test 0.054 0.041  0.046 0.026                

 Average Test Score (1-4 Scale) 2.774 2.794  2.725 2.759  
-

0.049 -0.035  -0.014           

 
Writing Test:                     

 Share Missing Test 0.072 0.056  0.044 0.024                
 
 Average Test Score (1-4 Scale) 2.730 2.749   2.811 2.840   0.081 0.091   -0.010            

                     
         Notes:  Sample consists of students in grade 3 in 2004 or grade 6 in 2007 in a school included in estimation 

sample.  "All" columns refer to all students in the specified grade and year.  "Stayers" refer to subset of 
students who are observed in the same school in 2004 and 2007.  Bias estimate in column (7) is difference in 
test score gains between all observed students and stayers. 
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Appendix 4  Table B:  Estimated Models for the Bias in Full-Cohort versus Stayers Estimate of Gain Score   
                
      Reading       Mathematics ics     Writing       
    (1) (2) (3)   (4) (5) (6)   (7) (8) (9)     
Local Competition Measures:                
              

  
 Share of Catholics  0.026 0.038   0.004 0.023   0.013 0.016     
  (0.047) (0.049)   (0.048) (0.050)   (0.038) (0.039)     
 Share Catholics × Share New    -0.095 -0.082   -0.144 -0.140   -0.026 -0.039    
    Housing Stock   (0.095) (0.093)   (0.092) (0.089)   (0.075) (0.073)    
Other Controls:                
 Share with No Religion    -0.063    -0.045    -0.087    
    (0.091)    (0.088)    (0.080)    
 Share with Other Religions    -0.023    -0.039    -0.067    
    (0.053)    (0.052)    (0.052)    
 Separate School  0.006 0.006 0.006  0.012 0.012 0.012  0.002 0.002 0.001    
  (0.006) (0.006) (0.006)  (0.007) (0.007) (0.007)  (0.005) (0.005) (0.005)    
 Share New Housing Stock  -0.034 0.003 -0.002  -0.002 0.055 0.054  -0.027 -0.017 -0.011    
  (0.017) (0.042) (0.041)  (0.017) (0.040) (0.039)  (0.014) (0.033) (0.032)    
                
R-Squared  0.129 0.130 0.130  0.097 0.098 0.098  0.117 0.117 0.119    
School Averages for Grade 3 
Students Yes Yes Yes  Yes Yes Yes  Yes Yes Yes    
School Averages for Grade 6 
Students Yes Yes Yes  Yes Yes Yes  Yes Yes Yes    

Neighborhood Characteristics  Yes Yes Yes  Yes Yes Yes  Yes Yes Yes    
                
# of Schools  1734 1734 1734  1734 1734 1734  1734 1734 1734    
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Mean of Dependent Variable    -0.021    -0.020    -0.015     
(Standard Deviation)   (0.123)    (0.121)    (0.103)     
                            

  
              

  
  
  

Notes: standard errors in parentheses.  Dependent variable is school-average change in test scores for all test takers (between grade 3 students in 2004 and grade 
6 students in 2007), minus corresponding average for stayers. Sample includes 1734 schools.  All models include controls for average characteristics of students in  
grade 3 and grade 6 and FSA-level neighborhood characteristics. 
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Appendix Table 1: Census-Based Characteristics of non-Rural FSA's w/ School Changes  
          
                    
                           Mean for FSA's with:                             
    School  School  Openings  
    No Changes   Openings   Closings   &Closings   

  Number of FSA's  215  77  92  45  

Basic FSA Characteristics:          
  Total population  24,177  29,832  25,361  30,960  
          

  Share of Houses Built Between 1991-2001  16.40%  32.59%  6.74%  14.13%  
          

Presence of Children:          
  Share of population age 5-9  6.4%  7.7%  5.8%  6.5%  
          
  Share of population age 10-14  6.5%  7.7%  5.8%  6.6%  
          
Family Characteristics:          
  Share Single Parent Families  22.95%  17.65%  28.46%  24.59%  
          
  Share with 1 Child  42.71%  36.88%  45.62%  42.12%  
          
  Share with 2+ Children  39.48%  43.68%  37.77%  40.32%  
          

Education (Adult Population):          
  Share with University Degree  23.25%  24.32%  22.23%  19.79%  
          
  Share without High School Diploma  27.33%  24.06%  30.63%  28.09%  
          
Language, Nativity and Ethnicity:          
  Share that Speak English at Home  90.40%  93.18%  88.16%  94.26%  
          
  Share Immigrants  23.79%  32.93%  28.99%  21.23%  
          
  Share Southwest Asian Ancestry  4.38%  8.63%  4.33%  2.69%  
          
  Share East Asian Ancestry  5.70%  9.88%  8.09%  4.55%  
          
  Share North European Ancestry  13.50%  10.14%  11.55%  14.35%  
          
  Share  South European Ancestry  9.50%  15.26%  13.24%  9.57%  
          
  Share East European Ancestry  10.93%  9.92%  11.11%  10.44%  
          
Religious Affiliation:          
  Share Catholic  35.27%  38.53%  40.21%  33.21%  
          
  Share Protestant  40.96%  35.88%  33.60%  44.70%  
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  Share Other Religions  8.83%  12.16%  10.70%  6.70%  
          
  Share No Religion   14.95%   13.42%   15.50%   15.39%   
Note: based on FSA-tabulations of 1991-1996-2001-2006 Censuses.       
Religious measures, however, are available only for 1991 and 2001 Censuses     
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Appendix Table 2: Distribution of Affected Schools by Numbers of  
Opening and Closing Events that Affect the School    
           
                      
                        Number of Closings:                       

      None   
One 

Closing   
Two 

Closings   
Three-Four 

Closings   
           
           
Number of 
Openings:         
None   0  337  101  24  
One Opening  272  48  12  9  
Two Openings  90  7  1  0  
Three 
Openings  34  0  0  0  
Four-Six 
Openings   18   0   0   0   

Note: sample of affected schools includes only non-rural schools.  
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Appendix Table 3:  Coefficients on Closing Measures of Growth Models        
                  
         
    Percentage Change in Enrollment:       
 Grade 1 (t-1)  Grades 1-5 (t-1)      
 to Grade 1 (t) to Grades 2-6 (t)      
           (1)           (2)  (3)  (4)  (5)  (6)  (7)    

Effects of Nearby Closings (trend shift in following 3 years)         
Own Effects:         
 Effect on Public School of Public Closing 4.7 4.8 4.7 4.8 4.8 4.7 4.7  
 (1.5) (0.9) (0.9) (0.9) (0.9) (0.9) (0.9)  
 Effect on Separate School of Separate Closing 7.7 6.1 6.0 6.1 6.1 6.0 6.0  
 (3.7) (1.2) (1.2) (1.2) (1.2) (1.2) (1.2)  
Cross Effects:         
 Effect on Separate School of Public Closing -0.6 0.5 0.3 0.5 0.5 0.3 0.4  
 (1.6) (0.6) (0.6) (0.6) (0.6) (0.6) (0.6)  
 Effect on Public School of Separate Closing 1.3 -0.8 -0.8 -0.8 -0.8 -0.8 -0.8  
 (1.6) (0.9) (0.9) (0.9) (0.9) (0.9) (0.9)  

School fixed effects and Year Dummies Yes Yes Yes Yes Yes Yes Yes  
Time-varying school characteristics Yes Yes Yes Yes Yes Yes Yes  
Time-varying local characteristics Yes Yes Yes Yes Yes Yes Yes  
Base Opening Measures Yes Yes Yes Yes No No No  
Interaction Opening & Share New Housing No No Yes No No No No  
Interaction Opening & Share Catholic No No No Yes Yes Yes No  
Interaction Opening & Share Catholic*Share New Housing No No No No No Yes Yes  
Number of Observations 11,887 12,007 12,007 12,007 12,007 12,007 12,007  
Number of Schools 939 945 945 945 945 945 945  
                  

Note: standard errors in parentheses.  School characteristics are a dummy for being paired with another school for administrative purposes.  Local characteristics are share of 
enrolled students in the FSA attending public French and private schools, total population in the FSA and shares of population ages 5-9 and 10-14,  fraction of FSA residents who 
are Catholic, fraction who are immigrants, fractions of FSA residents of East Asian, South Asian, and Northern, Southern, and Eastern European ancestry,  fraction of population 
with a university degree, fraction with no high school degree,  fraction of single-headed families, fraction of families with 2 or 3 kids,  and fraction of adults with home language 
other than English.  British or French ancestry treated as equivalent to "Canadian".  Eastern European ancestry groups includes countries formerly affiliated with the U.S.S.R.   



29 
 

 

Appendix Table 4: Summary Statistics for ALL EQAO Test Takers        
  Public Schools   Separate Schools  
  Grade 3  Grade 6   Grade 3  Grade 6 
    (1)   (2)     (3)   (4) 
Reading Tests          
  Number of observations  293,146  327,443   154,565  167,482 
  Average Score (1-4 Scale)  2.52  2.68   2.52  2.70 
    (standard deviation)  (0.76)  (0.75)   (0.75)  (0.73) 

  Share of Students with Missing Score  0.12  0.08   0.11  0.07 
  Share of Missing Students Identified as Exceptional  0.23  0.12   0.26  0.14 
  Share Included in Analysis Sample  0.73  0.70   0.96  0.91 

Mathematics Tests          
  Number of observations  314,614  330,125   160,318  168,228 

  Average Score (1-4 Scale)  2.73  2.69   2.67  2.68 
    (standard deviation)  (0.75)  (0.81)   (0.73)  (0.79) 

  Share of Students with Missing Score  0.09  0.08   0.08  0.06 
  Share of Missing Students Identified as Exceptional  0.23  0.12   0.28  0.14 
  Share Included in Analysis Sample  0.73  0.72   0.96  0.92 

Writing Tests          
  Number of observations  302,282  333,240   158,770  169,743 
  Average Score (1-4 Scale)  2.66  2.67   2.68  2.71 
      (standard deviation)  (0.66)  (0.71)   (0.65)  (0.75) 

  Share of Students with Missing Score  0.10  0.07   0.08  0.06 
  Share of Missing Students Identified as Exceptional  0.25  0.13   0.29  0.15 
  Share Included in Analysis Sample  0.73  0.70   0.95  0.91 
                    

Notes: based on standardized tests administered in 1998-2005 to students in Grade 3 and Grade 6  
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