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AVANT-PROPOS

Le Secrétariat d’ Appui Institutionnel & la Recherche Economique en Afrique (SISERA) a pour
mission de faciliter I’émergence de centres d’excellence en recherche économique en Afrique
subsaharienne et de les aider a jouer un role effectif dans le processus d’¢élaboration des politiques
économiques. Un des objectifs du Secrétariat est d’aider les centres a disséminer les résultats de leurs
travaux de recherche.

Les Cahiers du SISERA ont donc été créés pour permettre une meilleure diffusion des travaux
de recherche des Institutions partenaires du Secrétariat. La présente édition des Cahiers du SISERA est
consacrée a diffusion des résultats des études conduites par six Institutions partenaires du SISERA
dans le cadre du programme de formation et de recherche en économie dénommé « Stratégies et
analyses pour le développement et 1’acces a la croissance (SAGA) » mis en place par I’'USAID et
administré par SISERA. L’objet de ce programme est d’accroitre les capacités africaines a produire
une recherche de haut niveau qui réponde aux préoccupations politiques, sur des aspects essentiels
touchant le développement économique et I’acces a la croissance en Afrique subsaharienne.

Dans le cadre de ce programme, le SISERA a organisé une mise en compétition de projets de
recherche, destinée a financer des propositions soumises par des centres africains de recherches
économiques. Six propositions ont été financées et les études ont été conduites sur une période
d’environ deux ans, de novembre 2003 en mars 2006. Les six Institutions partenaires dont les
propositions ont été retenues sont, ‘‘African Institute of Applied Economics (AIAE)’’ du Nigeria, le
Centre d’Etudes et de Recherche en Economie et en Gestion (CEREG) de ’université Yaoundé II au
Cameroun, le Centre de Recherches Economiques Appliquées (CREA) de 1’université Cheikh Anta
Diop du Sénégal, le Centre Ivoirien de Recherche Economique et Social (CIRES) de I’université de
Cocody en Cote d’ivoire, ‘‘Development Policy Research Unit (DPRU) de I"université du Cape en
Afrique du Sud, et le ‘“Namibian Economic Policy Research Unit (NEPRU), Windhoek, Namibie. Les
études ont été réalisées pendant la période novembre 2003 en mars 2006.

FORWORD

The mission of the Secretariat for Institutional Support for Economic Research in Africa
(SISERA) is to facilitate the emergence of centers of excellence in economic research in sub-Saharan
Africa, and to help them play an effective role in the economic policymaking process. One of the
objectives of the Secretariat is to help the centers disseminate the findings of their research works.

The SISERA Working Papers Series was designed to provide an outlet for the research output
of the Secretariat’s Partner Institutions. This edition of the Working Papers is devoted to the
dissemination of the results of studies conducted within the framework of the training and research
program ‘‘Strategies and Analyses for Growth and Access (SAGA)’’ set up and funded by USAID
and administered by SISERA. The overall goal of SAGA is to increase African capacity to produce
high quality, policy-oriented research on key issues affecting economic growth and access in sub-
Saharan Africa.

In relation with this program, SISERA has organized a research competition program to
support research projects carried out by African economic research institutes. Six propositions were
selected for funding and the related studies were implemented over about two years from November
2003 to March 2006. The six successful research proposals were submitted by the African Institute of
Applied Economics (AIAE) in Nigeria, ‘‘Centre d’Etudes et de Recherche en Economie et en Gestion
(CEREG)”’, University of Yaoundé II, Cameroon, ‘‘Centre de Recherches Economiques Appliquées
(CREA), Université Cheikh Anta Diop, Senegal, ‘“Centre Ivoirien de Recherche Economique et Social
(CIRES)”’, University of Cocody, Cote d’ivoire, Development Policy Research Unit (DPRU),
University of Cape Town, South Africa, and the Namibian Economic Policy Research Unit (NEPRU),
Windhoek, Namibia.
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I. Introduction

Perhaps the most lasting residue of the system of racial exclusivity in South Africa,
lies in the preferential resource allocation and access to schooling provided to White pupils
over and above all other racial groups. At the height of apartheid , for every R1.00 spent on
White pupils, per capita expenditure on Indian pupils was 76 cents, for Coloured pupils it was
48 cents , while expenditure on each African pupils stood at 19 cents®. By 1997, 3 years into
the post-apartheid era, the resource allocation had shifted dramatically: Hence for every
R1.00 spent on African pupils, 90 and 99 cents on Coloured and Indian pupils — and 71 cents
per White pupil (derived from van der Berg,2006). Although this figure does skew the
extent of the reallocation, by virtue of the inclusion of personnel expenditure, it is true that
increased spending toward poorer schools has taken place in the post-1994 period
(Department of Education,2003). This fiscal reallocation is captured within the parlance of
South Africa, as the process of ‘redress’ in education. One of the key research issues arising
out of this dramatic switch then, is the extent to which this racial restructuring in schooling
expenditure has resulted in improved schooling outcomes.

The existence of appropriate microdatasets have enabled fairly detailed studies in
particular on the role of schooling in predicting earnings and other labour market outcomes in
the post-apartheid South African labour market (Chamberlain & van der Berg, 2002;
Anderson, Case & Lam, 2001; Hertz,2003). However, perhaps in large part due to the paucity
of school-specific data, analyses of the various factors that shape schooling outcomes are in
short supply for South Africa generally, and even more so for post-apartheid South Africa. In
this respect, existing analyses are either dated, not based on national data or attempt to glean
schooling outcomes from survey data, rather than schooling datasets (see Crouch &
Mabogoane,2001; Burger & van der Berg,2003; Case & Deaton 1999 and Crouch &
Mabogoane,1998).

This study, through the availability of various schooling-related data sets, will attempt
to add to what will hopefully become a more expansive literature, focusing on pre-labour
market human capital concerns. Our study therefore focuses on Grade 12 pass rates across
all Grade 12-offering schools, and in so doing, will provide estimates on the determinants of
these pass rates in the post-apartheid period. We rely conceptually and empirically on an
achievement production function approach. Section II below provides an overview of our
method and approach in which we also cover issues of data and the constraints with the
surveys utilised. Section III provides an overview of the statistics in descriptive form,
together with the proposed estimation technique. Sections IV and V provide an overview of
the econometric approach, followed by the results and discussion from the estimation.
Section V conclude

Il. Approach and Method

In utilising a production function approach to estimating schooling outcomes, we
immediately enter torturous conceptual and empirical territory. The notion of measuring the
impact of inputs into children’s education on some metric of schooling outcomes, seems
eminently reasonable and indeed, given data for many developing and certainly developed
countries, highly attractive. However, as reviews of the results from the plethora of
achievement production function studies have indicated, many of these estimates are subject
to a variety of econometric problems ranging from omitted variable bias and measurement
error to sample selection bias and the presence of unobservables (Glewwe,2002; Glewwe &

2 Figures sourced from Moulder (1992) with authors’ own computations.



Kremer,2005). Furthermore, Hanushek (1995) examined 96 different studies in the
developing world, concerned with the impact of relevant inputs on schooling outcomes — and
concludes that we can say very little that is clear and unanimous concerning what resources
will lead to improved student performance (Hanushek,1995:232). In one well-known result,
he illustrates that for the 30 studies examining the impact of teacher-pupil ratios on student
achievement, this variable was the correct sign and significant in only 8 of these cases.
However, alternatively some have argued that Hanushek (1995) overstates the case, in that he
represents statistically insignificant coefficients on resources as evidence that these variables
do not matter. Hence, in almost all studies examined, Hanushek’s own results suggest that
while inputs do not always matter strongly, they do on balance make a difference. Notably,
this is not the case for only one variable — namely the teacher-pupil ratio (Kremer,1996;
Glewwe & Kremer,2005). In this vein then, there remains some possibility that contingent on
being able to alleviate some of the econometric problems that arise, the production function
approach to understanding schooling outcomes, may yield relevant results.

Our conceptual point of departure therefore, is to understand the determinants of
schooling outcomes as a function of at least five vectors. These can be represented in the
following manner:

A= f(S,T,.C,P,H) (1)

Where A represents some metric of school achievement, which can be for example,
standardised test scores or grade attainment. S would represent a vector of school
characteristics usually captured by indicators of quality of infrastructure, pupil-teacher ratios
and so on. T refers to teacher characteristics and is an attempt at measuring the quality of
teachers at a school. C and P are child and parent characteristics respectively, where the
former may refer, for example, to innate ability while the latter attempts to capture say,
parental tastes for education. Finally, H is a vector of household characteristics that acts as a
control for the socio-economic characteristics that are correlated with both the child and
parent in respect of the households they reside in. Ultimately then, we are attempting to
measure A'(.), as given by the partial derivatives on each of the individual variables defined
within the vectors. As will be clearer below, this formulation is independent of the quality
and range of the data at our disposable. Indeed many of the potential variables within each of
the above vectors are unobservable, with innate ability and parental utility from children’s
education being the most obvious.

lla The Data

The data we have is made up of three distinct components — all of which are national
data sets provided to us by the South African National Department of Education (DoE).
Firstly, there are records of the aggregate mean Grade 12 pass rates in 2000, for each school
whose students sat the examinations. A second data set, the Schools Register of Needs (SRN)
for 2000, is a national survey which principally contains data on physical infrastructure and
services at schools, but critically has useful background data on for example, whether the
school charges user fees, previous apartheid-era department status, the number of teachers
(privately- and state-paid) and so on. Through matching the schools’ unique identifier (called
the Education Management Information Systems — EMIS - number) to geographic co-
ordinates, the third and final component of the data was constructed from the Census 2001.
Using enumerator area (EA) level data, a limited number of household and community
characteristics were matched to schools falling within the relevant EA. Given that the EA
contained a maximum of 500 individuals, a close correlation between household, pupils, and
schools could be ensured. Ultimately then, the data set contains 5612 schools for which we



have their mean matric pass rate, a series of physical infrastructure, services, school- and
classroom-type characteristics, household and community characteristics and to a very limited
extent, indirect pupil and teacher characteristics.

The data though suffer from a number of drawbacks, within the context of attempting
to estimate achievement production functions. Firstly, as is evident, our data is at the school
rather than individual-level. Hence intra-classroom variation on the basis of pupil, teacher
and parent characteristics is not possible, and this constrains the validity of the estimates
derived from the available variables. For example then, the poor coverage of teacher
characteristics means that the estimates suffer from omitted variable bias, and in so doing are
likely to upwardly bias the coefficients on the school quality variables. In the same vein, the
lack of direct parental information again may bias the estimates derived, although indirect
parental data is present from the Census data on adult education levels and through
information on user fees in the SRN data. Secondly, selection bias is present, and cannot be
controlled for. This selection bias is primarily present through the existence of non-zero
drop-out rates amongst the grade 12 cohort pupils. Individuals who should have written the
Grade 12 examinations, but dropped out earlier and are hence not captured in the pass rate
data, would therefore result in an overestimation of the Grade 12 pass rate data.
Unfortunately, data on drop-rates by school is not available. Furthermore these drop-rates are
likely to be non-randomly distributed, affecting previously disadvantaged schools more and
some provinces more than others. Relatedly, there is no reliable information on grade
repetition rates. A final cautionary note is that the data does not, it has to be remembered,
represent a true post-apartheid set of estimates. This is because apartheid expenditure
allocations would be applicable for almost all of these students (controlling for grade
repetition) in the pre-1994 period when many (in 1993) would have been in grade 5. So they
are imbibed, as it were, with apartheid expenditure allocations from their primary schooling
years.

The advantages however, of undertaking such a study is that it is the first nationally
representative study of its kind for the post-apartheid period, and could therefore potentially
be a guide for improving on future estimates of this sort with better quality data. Secondly, it
acts as an important benchmark for assessing the possible impact of redress since 1994, on
schooling outcomes. Secondly, unlike many other countries in the developing world, we do
have here, a large sample that represents the population of Grade 12-offering schools, which
(controlling for the above biases) adds to the robustness of the results. In addition, the use of
Census data at a very detailed spatial level allows for household and community
characteristics to be fully incorporated into the model in a manner that is almost always
absent in similar studies for the developing world.

I11 Descriptive Statistics’

In trying to provide a more nuanced reflection of the differences in schools, the
descriptive and indeed the econometric approach, we provide a brief overview of some of the
relevant variables according to the previous education department of the school. This reflects
the apartheid-era classification system of African, Indian, Coloured and White schools, and is
a reflection, as the data below will show, of the continued racial inequities in the schooling
system. The category of ‘new’ schools refers to those initiated after 1994, although they are
constitute the smallest share in the sample. Tables 1 and 2 below therefore present the mean

* A more detailed descriptive overview of the data is available in the compendium paper to this project, entitled
School Performance in 2000 Matric SC Examinations, by the same authors.



characteristics of some of the key variables under consideration in the study. In the first
instance it is clear that our outcome variable, the mean Grade 12 pass rate by school, is
significantly lower in former African and Coloured & Indian schools, relative to previously
White schools. The pass rate in the latter schools, at 95% is close to double that of African
schools.

A common feature of the literature is the role of classroom sizes in determining
achievement, and this has also been a part of a number of the South African studies (Case &
Deaton,1999; Burger & van der Berg,2003). The data here suggests similar pupil-teacher
ratios for African, Coloured & Indian schools — which are in turn significantly higher than
those in former White schools. One key new feature of the post-apartheid schooling system
has been the adoption of user fees amongst many schools. We define here, a user fee school
as one which employs at least one privately-paid teacher. It is clear though that this is an
abiding feature of former White schools, where 92% of all these schools charge user fees.
Indeed, of all the user fee schools, 30% are formerly White schools, despite the fact that they
constitute 10% of the total sample of Grade 12-offering institutions. As a measure of the
continuity in secondary schooling, the lowest grade offered in the specific school is
interesting. The contrasts across school types suggests that the mean lowest grade for
previously African schools of 7.88 as opposed to 6.34 for former White schools —a 1.5 year
schooling difference. Continuity in schooling — with the same school being attended from
Grade 1 through to Grade 12 - would ostensibly be an important determinant of engendering
positive pass rates.

Physical learning infrastructure are directly measured through the non-standard
classroom- and specialist classroom- learner ratios. African schools yield 0.18 non-standard
classrooms per 100 learners compared with 0.06 for White schools. In turn there are on
average 0.4 specialist classrooms per 100 learners in African schools, while the figure for
White schools is over seven times this, at 2.8. Simply put, the mean African school has a
relatively high share of classrooms not made of bricks and mortar, and a relative scarcity of
specialist classroom such as laboratories, woodwork rooms and so on.



Table 1: Mean School and Teacher Characteristics, by Apartheid Classification of
Schools

Coloured
Variable/Former Department African /Indian White New Total
Matric Pass Rate 48.39 74.56 95.14 48.28 55.47
(23.111) (18.158)  (10.525)  (26.288)  (26.906)
Number of Matric Candidates 89.09 108.94 103.95 54.76 89.59
(59.731) (53.985) (64.119)  (43.688)  (60.239)
Pupil-Teacher Ratio 31.04 30.59 23.72 31.82 30.26
(16.912) (14.022) 8.127)  (12.160)  (15.780)
Schools with User Fees 0.20 0.54 0.92 0.39 0.31
(0.400) (0499 (0.271)  (0489)  (0462)
Ratio of private:public teachers 0.03 0.201 0.34 0.24 0.091
(0.151) (29100 (06500  (1.732)  (0.988)
Independent 0.05 0.04 0.08 0.15 0.05
(0.458) (0.187  (0.265  (0.360)  (0.207)
Lowest Grade Offerred 7.88 6.78 6.34 7.73 7.6
(1.889) (2.676)  (3.129)  (2.645)  (2.258)
Non-std. classroom:learner ratio 0.0018 0.0005 0.0006 0.0051 0.0017
(0.006) (0.003) (0.003) (0.013) (0.007)
Specialist classroom:learner ratio 0.004 0.014 0.028 0.009 0.008
(0.010) (0.009) 0.042) 0.079) 0.027)
Principal Office 0.733 0.987 0.984 0.540 0.749
(0.443) 0.112)  (0.125)  (0499)  (0.433)
Chalkboards per classroom 1.02 1.26 1.46 1.12 1.09
(1.586) 0.851) (1.437) (0.746) (1.478)
Desks per learner 0.54 0.67 0.91 0.52 0.59
(0.449) (0.469) (0.490) (0476) (0467)
Chairs per learner 0.58 0.65 0.98 0.58 0.63
(0.555) (0.494)  (1.383) (0.635) 0.702)
At least 1 library 0.34 0.86 0.91 0.17 0.42
0.474) (0.350) (0.284) 0.372) (0.494)
Computer for Teaching & Learning 0.09 0.60 0.89 0.13 0.22
(0.287) 0.490)  (0.313)  (0.336)  (0412)
Telecommunications 0.72 0.99 1.00 0.69 0.78
(0.449) 0.092)  (0.059) (0465  (0.417)
Piped Water indoors 0.18 0.69 0.50 0.22 0.25
(0.380) 0461) (05000  (0.413)  (0.434)
Electricity for Lighting 0.71 0.98 0.98 0.61 0.73
(0.456) 0.129)  (0.125)  (0.488)  (0.442)
Sports Facilities 0.62 0.84 0.96 0.54 0.65
(0.485) (0.369) (0.198) 0.499) 0.476)
Criminal Incident in Previous year 0.50 0.66 0.63 0.40 0.51
(0.500) (0.473)  (0484)  (0492)  (0.500)
Sample Size 4,019 470 565 341 5,610
Share of Total 71.64 8.38 10.07 6.08 700
Source: Department of Education,2000; Department of Education,2000
Notes:

1. Standard Deviations in parentheses. Bold indicates significant difference at 1 or 5% level of African and
Coloured/Indian school characteristics with previously White school characteristic.

2. Sub-sample of classified schools does not sum to total sample, given that 3.8% of sample, or 215 schools were
‘unspecified’ in terms of their former department status.

3. User Fee School Defined as School with at least one privately paid teacher

4.  The share of independent schools refers in part to those schools that have 'converted' from being government
schools

5. Non-standard classrooms are those not made of bricks & mortar, while specialist classrooms inlcude laboratories,
art & music rooms, woodwork centres and so on

6. Piped water question excludes the unspecified, as in many cases this constituted a large proportion of sample.



As an indirect measure for administrative efficiency at schools, and perhaps even as a
predictor for attracting quality school heads, the share of schools with principal offices is
telling. While about 73% of African schools report having a principal office, this figure is
close to 100% for both Coloured & Indian and White schools. The statistics on in-classroom
resources suggests that the discrepancy lies with desks and seats for learners, rather than
chalkboards. Hence, we find that while at the mean, two learners are sharing a desk and a
chair in former African schools, in former White schools learners invariably have their own
chairs and desks. African schools also are unlikely to have a resident library, as only 34%
report its presence, compared with 86% for Coloured and/or Indian schools and 91% for
former White schools. The differences in physical attributes of the schools for the remaining
variables is fairly predictable. There are two results here worth noting: Firstly that the
difference in access to computers for teaching and learning is very high - when compared
with other resources categories. Hence while only 9% of former African schools had access
to at least one computer , the figure for former Whites schools was 89%. Secondly, a feature
specific to South Africa is the incidence of crime within the school. Data here suggests that
while 50% of African schools reported at least one crime in the previous year, the proporation
was significantly higher for both Coloured/Indian and White schools.

As noted above, through the use of Census 2001, EA-level data we were able to match
a number of community characteristics to the area of the specific school. The table below
provides a brief descriptive overview of these characteristics, according to the pre-1994
classification code of the school.

Table 2: Mean Household Characteristics by Apartheid Classification of Schools

Coloured

Variable African /Indian White New Total
Share Rural 0.71 0.06 0.08 0.70 0.59
(0.453) (0.234)  (0.266)  (0438)  (0.492)
Mean Household Size 4.75 4.68 4.37 4.60 4.69
(3.005) (5.345)  (7.045)  (1.126)  (3.777)
Children per Household 1.71 1.27 0.82 1.73 1.58
(0.828) (2.042) 0.991)  (0.709)  (1.041)
Share of Informal Housing 34.67 4.91 4.42 40.15 29.60
(31.892) (16.911)  (10.164  (36484) (31.717)
Share of Households with No Piped Water 29.09 241 1.61 36.22 24.37
(37.761) (10.774)  (7.011)  (40.883)  (36.144)
Share of Households with No Electricity 41.89 8.42 5.82 49.50 35.72
(39.064) (18.160)  (14.740)  (42.203)  (38.689)
Share of Households with No Telephone 87.19 45.51 37.82 86.93 78.37
(17.242) (22.959) (22.970)  (20.118)  (42.752)
Mean Years of Schooling for Adults 6.62 9.26 10.85 6.45 7.28
(2.368) (L733)  (1.914)  (2.610)  (2.699)
Sample Size 4,019 470 565 341 5,610
Share of Total 71.64 8.38 10.07 6.08 100

Source: Statistics South Africa, 2001
Notes:

1. Standard Deviations in parentheses. Bold indicates significant difference at 1 or 5% level with

previously White school area characteristic.

2. Household characteristics are based on enumeration areas from the Census 2001. In cases where the
population was under 500 individuals, enumerator areas were combined, on condition that they were
part of the same sub-place.



The household data above suggests firstly, that a dominant share of African schools (71%)
are in rural areas, compared with less than 1% of White and Coloured/Indian schools. Both
the household size and child dependency ratios are larger, at the mean, in African schools.
The four asset deprivation indicators provided — namely access to water, electricity, a
telephone and type of housing — all point to significantly greater asset and service
vulnerability in areas where former African schools are present. Finally, the one parent-
related metric we have —years of schooling of adults — illustrates that adults in African school
areas have at the mean incomplete primary schooling, while adults in former White school
areas have at least some secondary schooling.

The above descriptive evidence suggests that on a range of school, teacher, parent and
community characteristics, there remained in 2000-2001 significant differences between
former African schools on the one hand, and former White schools on the other. Of course,
the key issue is how these different variables simultaneously impact on the mean Grade 12
pass rates of schools. It is in trying to answer this specific question, that the following section
turns to.

IV The Econometric Approach

The dependent variable in our model is the mean Grade 12 pass rate by school. The
independent variables, as the above has alluded to already, are a range of school and
household characteristics drawn from different data sets. Specifically then, the equation we
wish to estimate, takes the following generic form:

M, =a+p X, +u, (2)

Where the M; refers to the mean Grade 12 pass rate in school i being a function of the
kx1 vector, X of relevant variables, while f is the Ixk vector of parameters. The disturbance
term and the constant are captured by u; and a respectively.

A closer inspection of the dependent variable reveals a number of interesting features
regarding its distribution. Figure 1 below, provides an indication of this by comparing kernel
density estimates of Grade 12 pass rates by former department of the school. There is severe
clustering at the top-end of the distribution for former White schools. Specifically, 76.3% of
all former White schools recorded a pass rate of 95% or more in 2000. While the former
African school sample and the total sample, approximate a normal distribution, there is a
some clustering of grade pass rates from about the 90™ percentile onwards, evidenced by the
fairly thick tail at the top-end of the distribution. For example, in the case of former African
schools, while 2.9% (or 118 schools) reported a mean pass rate of 10% or less, 5.7% (411
schools) returned a pass rate of 90% or more.



Figure 1: Matric Pass Rateby Former Department
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These features are also true for new schools, where there are suggestions of a bi-modal
distribution and a fairly thick tail. Coloured and Indian schools indicate a highly skewed
distribution, with a very prominent right-skewing in the distribution. The fact that we may
not have well-behaved distributions in the outcome (and indeed other) variables suggests that
the estimates on the covariates in our model may yield partial information, should we purely
rely on the standard least-squares estimator for our linear model. In this vein then, we
propose to estimate our achievement production function, through the use of quantile
regressions. First proposed in Koenker and Bassett (1978), quantile regressions refer to the
generalised case of the least absolute deviations (LAD) estimator. Hence, while through
ordinary least squared estimation, we derive a sample mean through minimising the sum of
squared residuals, the sample median can be derived through minimising the sum of absolute
residuals (Koenker & Hallock,2001; Koenker & Bassett,1978). If we take a general
statement of this approach, across all points, or quantiles, in the distribution we have the
estimation for the regression quantile as minimising the equation below:

Min| T }«9|Y,-—X,ﬂ|+ > }(1—<9|Y,-—X,-/3|) (3)

ﬂe*Rk ie{i:y,-ZX,ﬁ ic i:y[<X,-/;

The above then provides the solution for the & quantile, where 0<6<1, allowing for
estimation at any given point in the distribution of the outcome variable. In the above then, Y;
is the dependent variable, x; is the kx/ vector of independent variables and f is coefficient
vector (Koenker & Bassett,1978 ). One particular case of the quantile regression is the
median regression, which is obtained in the above by setting =0.5. Alternative values of
therefore provide us with different quantile estimates. Ultimately then, while the OLS
approach estimates the mean effect of the explanatory variable on the dependent variable, the
quantile regression approach enables an estimation at any number of different points in the
conditional distribution of the dependent variable.

The application of quantile regression techniques to achievement production functions
has at least two antecedents in the literature (Eide,E & M.H Showalter,1999 ; Levin,2001),
although both these studies focus on the developed world. No studies, as far as we are aware
have applied the estimation technique to a developing, or African, economy. The idea of
measuring the impact on the dependent variable, in our case the Grade 12 pass rate, at
different points in its conditional distribution, is particularly appealing. Ultimately, it



suggests that we will be able to provide a sense of how our explanatory variables influence
schools that are at different points in the distribution of pass rates for 2000. In addition, it
could hopefully provide a more exact guide to policymakers on how effective expenditure
patterns are for schools with different pass rates. For example, one may find that the pupil-
teacher ratio, while seemingly important at the mean as a determinant of pass rates, may in
fact have different impacts across schools with very high or very low pass rates. This kind of
evidence could be invaluable in providing a more nuanced assessment and evaluation of
spending patterns on schools.

V. Results and Discussion

Given the above approach, we present the initial results from the estimation in Table 3
below. In Table 3, estimates on the determinants of Grade 12 pass rates, according to
different quantiles in the distribution of pass rates are provided. In the table below — the
baseline estimates as it were — we run four different equations with three being quantile
regressions at the median, and one OLS estimate. Equations (2) through (4) are differentiated
by the omission of specific variables. Hence, equation (3) excludes the user fee dummy
variable, while equation (4) excludes the previous department dummy, while equation (2)
includes both.

The option to exclude the user fee variable, which is effectively a measure of the ratio
of public to privately paid teachers, in our preferred estimation, equation 3 below, deserves
some brief mention. The user fee variable is very likely to be endogenous through two
possible avenues. Firstly, the existence of private paid teachers is suggestive of unmeasured
parental preferences for quality schooling: Parents with specific tastes for better schools, will
be prepared to pay for it, resulting in a correlation between unmeasured parental preferences
and the user fee variable, so biasing the coefficients. More importantly though, the user fee
reflects the price of schooling. Its estimate in turn, will have a downward bias, if it is
correlated (as is very likely) with some aspects of unmeasured school quality. With few
options, in terms of instruments, to control for this endogeneity, we have elected to exclude
the variable in our preferred estimation.

In comparing the OLS results with the preferred equation (3) we are effectively
comparing the coefficients at the mean as opposed to the median of the conditional
distribution of the dependent variable. The first key result is that the pupil-teacher ratio is
insignificant in both specifications — and indeed for the remaining equations as well. This
result is consistent with most of the international work, as noted above and is also consistent
with studies which apply the quantile regression technique to their data (Hanushek, 1995;
Glewwe & Kremer,2005; Levin, 2001 and Eide & Showalter, 1999). Interestingly however, it
does contradict some of the studies for South Africa (Burger,R & S.van der Berg,2003;
Crouch & Mabogoane, 2001; Case & Deaton,1999), although these studies do differ in terms
of foci, data coverage and estimation techniques. Ultimately though, given that this paper is
based uniquely on the population of Grade 12 schools — the result that classroom size is not a
significant determinant of pass rates is a particularly important one. One caveat ,which we
elaborate on below, is that the insignificance of classroom size on pass rates, is not true at all
points across the conditional distribution.

The difference in mean and median points in the distribution is shown by the
independent school dummy, where the variable is significant and positive at the 10% for the
mean pass rate, but not for the median. The extent to which continuity in the school is
present, through a measure of the lowest grade offered by the school, is clearly a significant
determinant of higher pass rates. Hence, the results suggest that reducing the lowest grade



offered by 1 year (say from Grade 8 to Grade 7) would increase the median pass rate by
0.28%. Put differently, a school that reduced its lowest grade offered by 4 years would,
conditional on all other variables, be able to increase its median pass rate by just over 1%.
This effect is marginally lower at the mean.

The type of classroom variables provide for interesting results. The ratio of non-
standard classrooms to learners is significant and negative for both equations (1) and (3), with
the effect being 1.5 times larger at the median relative to the mean pass rate. Hence, the
higher the ratio of non-standard classrooms in a school, the lower the reported mean or
median pass rate. In contrast the mean Grade 12 pass rate is not significantly determined by
the proportion of specialist classrooms in a school. The odd result for the median is due to
one observation®: When the specification is re-run without this school, the coefficient is
positive but insignificant. Platoon schools, those that offer multiple teaching hours on the
basis of large student numbers and inadequate infrastructure, are an insignificant determinant
of median and mean, Grade 12 pass rates in our preferred specifications. The fact that less
than 4% of the sample reported being a platoon school, may explain the insignificance of this
result.

4 This one observation yields a specialist classroom per learner ratio of 1.43, clearly an odd if not incorrect entry.
This reflects on the sensitivity of the quantile regression approach, ironically, to outliers if they are sufficiently
high (see Rousseeuw & Leroy, 1987). The re-estimation, without this observation does not alter the sign and
significance of the other coefficients.



Table 3: Achievement Production Function Estimates, 2000

. . OLS Quantile Regression Estimates (8 =0.5)
Dependent Variable: Matric Pass Rate
[1] [2] [3] [4]

Pupil- Teacher ratio 0.002 -0.002 0.005 -0.013
User Fee - 7.119%

Independent 3.01 1wk 1.316 1.826 -4.460%*
Lowest grade -0.264* -0.183** -0.284* -0.470%*
Non-std. classroom:learner ratio -89.044** -132.164* -134.539* -163.49*
Specialist classroom:learner ratio -14.393 -25.325* -22.578* -0.503
Platoon School -1.442 -1.583 -2.768 -6.145*
Used for ABET -0.728 -0.424 -0.582 -1.526
Principal’s Office -0.837 -0.223 -0.596 -2.03 28k
Accom. For Staff 3.462* 1.710%* 2.347* 5.343*
Tuckshop 0.840 -0.018 0.843 1.129
Boards per classroom -0.075 -0.018 -0.079 0.019
Seats per learner 0.346 0.023 -0.050 -0.253
Desks per learner 1.455% 0.944 1.094 2.383*
Overhead p.| 8.747 3.459 3.714 44.667*
Photocopier p.l 124346 216.158%** 223.967 311.398%**
Library 2.634* 2.067* 2.330* 3.159*
Computer for teaching 10.392* 10.200* 11.173* 23.084*
Computer for admin 6.680* 6.889* 7.199* 9.200*
Phone 3.028* 3.663* 3.889* 2.844*
Water Indoors 0.269 -0.636 -0.395 -0.441
Electricity 2.591* 3.459* 3.619* 2.377*
Sports facilities 247T7* 3.223% 3.429* 5.312*
Crime Incident -2.663* -2.077* -2.492* 2.717*
Col./Indian School 13.039* 14.983* 16.208* ---
White School 26.904* 25.753* 29.159* -
New School 1.908* 2.512%* 3.258%** ---
Unspecified Sch. 7.599 13.368* 12.763* -
Rural 1.162 0.979 1.611 1.307
Household Size 0.134 0.104 0.137 0.269
Children per hh. -1.067#%F* -0.426 -0.603 -1.850%*
Adult mean yrs of schooling 0.813* 0.630%* 0.726* 1.028*
Poverty Index -0.182 -0.834 -0.800 -1.891%*
Constant 35.445* 29.861* 29.718 37.072%
Sample Size 5014 5014 5014 5014
Pseudo R? 0.440 0.307 0.301 0.271

*: Significant at 1% Level
**: Significant at 5% Level
**%: Significant at 10% Level
Notes:
1.  Province dummies included, but not shown here.
2. The Household Poverty Index was derived through factor components analysis, using the four variables provided in
the Census small-area data on access to water, electricity, telecommunications and the nature of dwelling.
3. The referents for the dummy variables are no user fee; not independent; not a platoon school; not used for
ABET;no accommodation for staff; no tuckshop; no library; no computers for teaching or administration; no phone,
water indoors or electricity; no sports facilities; no incident of crime; former African school and urban household.

4. Psuedo-R’ gpplies to ;uantile regressions, where Psuedo-R*”
sum of weighted deviations about estimated quantile

sumof weighted deviations about raw quantile



We turn now to the cluster of variables from the presence of an office for the principal to the
photocopier per learner estimate, which we term ‘learning infrastructure variables’. It is clear
that the results for these variables are weak. The only variable that is significant at the mean
and median is that of the provision of accommodation by the school for its staff members.
Hence, housing provided by the school to teachers, is positively related to the mean and
median pass rate and significant at the 1% level, with this effect marginally higher at the
mean. The variable may reflect on the ability of the school to attract higher quality teachers:
Hence the option of staff accommodation with a high probability of it entailing subsidised
living costs, may act as a key incentive for attracting higher quality teachers’. The presence
of this potential subsidy to teachers therefore serves as one proxy for relatively higher quality
teachers being employed by the school. The descriptive statistics suggests that about 58% of
all former White and 18% of all former African schools have staff accommodation facilities.
It is important to note however, that even when controlling for previous department status,
through our classification dummies, in equations (1) and (3) — the variable remains
significant. The combination of a very strong result for the above quality of teacher proxy
variable and insignificant learning infrastructure variables, suggests that one of the key factors
shaping mean and median pass rates in 2000, was the quality of teachers rather than the
provision of physical resources within classrooms.

Our next three set of variables we term ‘knowledge infrastructure’ which measures,
specifically, the provision of libraries and computers (for teaching and administrative
purposes) within schools. All these three dummy variables are significant at the 1% level. In
addition they yield very similar magnitudes, whether measured at the mean or median pass
rate. It is clear that the presence of a library, at least one computer for teaching and one for
administrative purposes are significant in shaping Grade 12 pass rates within schools. In the
case of libraries for example, the mean pass rate for schools without a library is 47.3%, while
for those with a library the figure is 66%°. The last of these variables — that of computers for
administrative purposes — points to the role that increasing administrative efficiency plays in
shaping success rates within schools. This has been an argument often made, but seldom
empirically verified in the South African literature — namely that many low performing
schools are very poorly and inefficiently managed through the lack of administrative (rather
than learning) physical and human resources (Crouch & Mabogoane,2001; Fiske &
Ladd,2005 ).

When examining the importance of utilities and communication to schools — in the
form of water , electricity and the presence of a phone — the latter two are positive and
significant at the 1% level in shaping mean and median Grade 12 pass rates. The importance
of telecommunication and electricity is evident, as shown in the descriptive overview above,
given that despite the fact that over 70% of schools do have these services, the variables
remain significant in shaping median and mean Grade 12 outcomes.

The presence of sports facilities are strongly significant at the 1% level, and for all
specifications estimated. Sport provision for learners remains a strong feature within the
South African schooling system, and the relatively high presence of these facilities across all
departments is not surprising. Indeed, even for the 10" percentile pass rate schools, 53%
possess some form of sports facility. There are two possible indirect inferences that can be
drawn from this result. In the first instance, schools with privately paid teachers are more
often drawn into teaching non-core activities and hence the availability of these facilities may
be a marker for the presence of higher quality teachers. Secondly, parents who value a well-

> Although it is not possible to derive hard data on it, the practice of schools covering utility, accommodation and even food
costs for teachers is fairly common amongst those with boarding house facilities for pupils.

® The discrepancy amongst former African (Coloured or Indian) schools is 46% (66%) for no library schools’ and 53%
(76%) for ‘library schools.



balanced, higher quality education for their children may view these facilities as indicative of
a better quality school.

South Africa’s high national crime levels are also manifest at the level of the school.
The results therefore indicate that crime is negatively related to the success of the school.
Hence, an incident of crime in the previous year at a school is significant at the 1% level, for
all specifications, in reducing the mean or median Grade 12 pass rate. The disruption caused
by such activity within a learning environment is a key, and possibly unique feature of the
South African schooling system.

The final set of schooling variables are classification dummies, which control for the
school’s previous department status. The referent dummy is a former African school. Hence,
former Coloured or Indian, White and (at the median) new schools all perform better than
former African schools. Embedded in these dummy variables is of course the legacy of a
racially based schooling system which retained an expenditure hierarchy strongly in favour of
former White schools. Relatedly though, what these classification dummies do possibly
reflect are a large number of omitted variables. Higher quality teachers and wealthier, better
educated parents are just two of the teacher and parent characteristics for which we have little
data. The classification dummies inevitably, within the South African context, absorp these
omitted variables — although clearly as a composite indicator for omitted teacher and parent
qualities. These omitted variables together, ensure that Grade 12 pass rates at non-African
schools are likely to be significantly higher than the majority of African schools.

The household block in the model, in most cases, returns expected results. Given that
the data for each school refers to a maximum of 500 individuals living in the area, the match
to the population estimates is likely to be high. Interestingly, location is an insignificant
determinant of pass rates. Hence, a rural school is no more or less likely to return different
results to an urban school, ceteris parabus. Household size is insignificant, while the
number of children is negatively related only to the mean Grade 12 pass rate. The higher the
dependency ratio the lower the conditional mean pass rate at the school, although it would
appear from these early results that the effect is relatively muted, given its insignificance at
the median.

Linked to the above, the mean years of schooling of all adults within the local area of
the school, is positive and significant at the 1% level. The results suggest that a community
with a mean Grade 12 level of education, can increase the median pass rate of the local school
by about 8.7%. In contrast, a community with a mean of seven years of schooling (or
completed primary education), will increase the median pass rate by 5.1%. This is a very
common result in the literature, namely that parents with higher levels of education are more
likely to produce better educated children. In turn, even with school-level data, this obliquely
suggests that better educated parents would be more likely to influence the learning
environment within the school, given their implicit appreciation of the importance of a high
quality learning environment. Finally, it has often been argued within the South African
context, that the levels of household vulnerability mitigate very heavily against a schooling
system trying to produce good quality graduates. The tentative evidence on the asset poverty
index created above, suggests that this interpretation is certainly not true when measuring
vulnerability with non-income variables. Hence, the data here suggests that the lack of water,
electricity, and a telephone, together with living in informal housing is not a significant
determinant of median or mean Grade 12 pass rates in the South Africa.

Ultimately then, the above first set of baseline estimates, yield a number of key results
that are important in our understanding of the determinants of Grade 12 pass rates in the
South African schooling system. The first is the insignificance of pupil-teacher ratios in
determining the mean or the median pass rate — an issue we turn to in greater detail below.
The physical infrastructure results are somewhat surprising, in that they suggest that almost



all classroom resources are insignificant in shaping pass rates. Rather, it appears to be the
presence of staff accommodation, together with non-standard classrooms — which are
important in predicting matric outcomes. The results are particularly robust though for
knowledge infrastructure (the computer and library variables), where all three variables are
significant. Environmental factors such as crime and the availability of services such as
electricity and telecommunication are also influential. The strong impact of both the legacy
of a racially exclusive schooling system and the importance of omitted variables, is evident in
the significance of all the classification dummies. The household variables suggest that while
location, asset poverty and dependency ratios are insignificant, the years of schooling of
adults in the community, is significantly related to mean and median Grade 12 pass rates.

As a caveat to the above though, the magnitude of the significant coefficients also
retain a particular importance. Hence, despite the importance of the different variables noted
above, there are three groupings of variables that appear to dominate in explaining the impact
on Grade 12 performance. Firstly, the coefficient value on the non-standard classroom
variable (-134.5 for equation (3)) suggests that the lack of this infrastructure can have a very
powerful impact on performance. The classification dummies return the second largest
coefficient values for former White and Coloured/Indian schools — reinforcing the role of
omitted variables in strongly impacting on pass rates. Finally, both the computer variables
report coefficient values are at least double in value when compared with the remaining
significant variables. Knowledge infrastructure therefore, is not only a significant, but also a
powerful determinant of Grade 12 pass rates.

One of the important questions which arises from the above, is that we are only
measuring the impact of the different covariates at the median, while there may be different
‘behaviour patterns’ in the coefficients when examining different points in the conditional
distribution. In trying to deal with this concern, and possibly to add more nuance to the above
analysis, we provide below estimates of the determinants of the conditional Grade 12 pass
rate, at different percentile (or more generally, quantile) intervals in its distribution. Put
differently, Table 4 below estimates the contribution of the different covariates in shaping the
10", 25" 75™ and 90™ Grade 12 pass rates’. In this way, we begin to examine why and
indeed how, low- , medium- and high-performing schools may differ.

The value of such an exercise is powerfully displayed in our first coefficient on the
pupil-teacher ratio. Hence, the ratio is insignificant for the 10™, 25" 50™ and 75" percentile
schools, but is significant for the cohort of 90" percentile schools. Closer inspection of the
quantiles, indicates that the variable is significant from the 80" percentile onwards. The
notion therefore that classroom size does not matter needs some qualification and nuance.
The variable does not matter, it would appear from this data, for schools in the 0-79"
percentiles of the conditional distribution. However for schools from the 80™ percentile
onwards, classroom size is a significant determinant of pass rates. This variation around the
median and mean is illustrated in the graph below, which plots the coefficients derived from
Equation (3) above for different points in the conditional pass rate distribution. It is also
evident that the magnitude of the ratio increases from the 79" percentile upwards, as the
absolute value of the coefficient rises monotonically. Hence, not only is the classroom size
variable significant from the upper portion of the distribution onwards, it also increases
steadily in its conditional contribution to Grade 12 pass rates. However, it is important to
note that the magnitude of the impact of classroom size in this portion of the distribution,
remains relatively small. Hence, a reduction in classroom size, for example from 30 to 20
learners in a 90" percentile school, would increase the pass rate by 0.33%.

7 Note that the 10" percentile schools does nof mean that the pass rate for those schools was 10%. Instead the relevant pass
rates for the 10", 25™ 75" and 90" percentile schools were 21.43%, 33.59%, 77.27% and 96.67% respectively.



Figure 2: Estimates of Pupil-Teacher Ratio Impact on Grade 12 Pass Rates

Coefficient Estimates of Pupil-Teacher Ratio Impact on Grade 12 Pass Rates

Coefficient on Pupil-Teacher Ratio
-.05

Quantiles

Quantiles ————- oLS

Notes:
1. Above are coefficients on Pupil- Teacher ratio estimated according to equation (2) above. In part they are derived
from the quantile regressions provided in Equation (3) of Table XX and those from Table YY below.
2.  The horizontal line refers to OLS estimate as derived from Equation (1) in Table XXX above.

Ultimately then, for the sample we have, and based on the existing data, classroom size is
an insignificant determinant of pass rates for all schools up to the 79" percentile of the
distribution. From the 80™ percentile onwards, classroom size does significantly shape
achievement outcomes and increases in magnitude as we move, from this point, up the
performance distribution. However, the size of the impact on pass rates, remains relatively
small.

While being an independent, or private school, was a significant determinant at the
mean, it is evident that it is significant only for the sample of 75" percentile schools. The
lowest grade offered at the school, significant at the median is also significant and negative at
the 10", 75™ and 90™ percentile, although lower in value. This suggests that the coefficient
produced at the median is not true for only one portion of the conditional pass rate
distribution. Both the classroom type variables provide for interesting contrasts. Hence, the
significance of the non-standard classroom variable at the median is true only for the bottom-
half of the distribution, where the 10™ and 25" percentile schools yield significant and
negative estimates. In contrast, the specialist classroom coefficient is insignificant at the 75%
and 90™ percentile schools, where one would have expected a significant result®. Put
differently, these results suggest firstly, that while non-standard classrooms do not explain
performance at the top-end of the distribution, they are key in explaining poor-performing
schools. Secondly, specialist classrooms are unimportant across all points in the Grade 12
pass rate distribution.

The insignificance of the platoon school dummy at the median is also true for the 10"
percentile schools, but not so for the 25" percentile, where the coefficient is negative and
significant at the 5% level. The variable at the 90™ percentile however, is oddly positive and
significant. Closer inspection of the 90" percentile data suggests that this result may be
driven by a few high-performing platoon schools — although the evidence for this is not

8 The negative and significant coefficient for specialist classrooms at the 25" percentile is due to the one outlier observation,
reported earlier. Re-estimation of the specification without this observation returns a coefficient that is positive but
insignificant, as with the above estimation. The sign and significance of the other coefficients remained unchanged.



particularly compelling. As with the median result, none of the coefficients across the
percentiles on the ABET school dummy are significant.

In terms of the ‘learning infrastructure variables’ variables, the results are very mixed,
but continue the trend in the above estimates of fairly weak results for most classroom
resource variables. Hence in the case of tuckshops, boards per classroom, seats and desks per
learner as well as overheads and photocopiers — most quantiles return insignificant results’.
Within these overall poor results however, there are some interesting issues. Firstly, the
principal office dummy is significant but negative for the 75" percentile distribution schools.
The descriptive data suggests that high performing former homeland schools could explain
this result. Hence, the data illustrates that of the 1407 schools without a principal’s office,
998 (or 71%) are former homeland schools. In addition, of these 998 schools, 10% are
schools which have performed at the 75" percentile or above. Secondly, the significance of
the tuckshop variable for the poorest performing schools only, may be an oblique reference to
the importance of school nutrition programmes in raising the performance of these schools.
Thirdly, the presence of staff accommodation is clearly a robust variable in that it is
significant at the 1% level at all percentiles in the distribution. This again reinforces our
earlier result, namely that this quality-of-teacher proxy variable is critical across all points
(except the 10" percentile) of the Grade 12 pass rate distribution. The notion that it is
teachers, rather than physical resources, which explain Grade 12 pass rates is strongly
supported therefore, by the evidence presented here.

In the case of the ‘knowledge infrastructure’ variables however, the median results
hold true across most percentiles of the distribution. Hence, both computer variables and the
presence of a library are positively associated with Grade 12 pass rates across the distribution.
Two exceptions are the 10" and 90™ percentile coefficients on libraries, which are
insignificant.

? When the equation was re-run, without the one outlier variable, the coefficient on the seats per learner variable was positive
but insignificant.



Table 4: Achievement Production Function Estimates, by Quantiles

Quantile () =

Dependent Variable: Matric Pass Rate 0.10 0.25 0.75 0.90

Pupil- Teacher ratio -0.010 0.009 -0.015 -0.033*
Independent -1.553 1.641 4.294% 2.705
Lowest grade -0.166** -0.025 -0.248* -0.256%*
Non-std. classroom:learner ratio -219.887* -107.299%* -19.379 44.605
Specialist classroom:learner ratio -8.166 -10.782%** -2.251 6.828
Platoon School -3.091 -4.27 5% 2.189 3.975%*
Used for ABET -1.008 -0.337 -0.399 -1.330
Principal’s Office 0.551 0.800 -2.496* -1.157
Accom. For Staff 1.890 1.320#%* 2.455% 2.352%
Tuckshop 3.613* 0.672 -0.603 -1.129
Boards per classroom -0.011 -0.085 -0.148 0.096
Seats per learner 0.603 -0.172 -0.727k% -0.277
Desks per learner 1.022 1.307+** 0.631 0.801
Overhead p.| 6.958 5.399 3.535 22.054*
Photocopier p.l -337.833* 152.276 529.648* 151.735
Library 1.812 2.568* 1.588** 1.260
Computer for teaching 9.807* 10.389* 9.201* 6.189*
Computer for admin 3.269* 5.128* 9.843* 9.478*
Phone 1.630 2.577* 3.517* 2.795%
Water Indoors 1.007 0.165 -0.351 0.095
Electricity 0.146 3.254* 3.499* 1.594%+%
Sports facilities 1.395 1.688* 4.095* 2.703*
Crime Incident -1.967* -2.059* -1.525* -2.847*
Col./Indian School 19.460* 18.568* 11.037* 5.536*
White School 47.229% 41.621* 16.967* 9.660*
New School 1.238 -0.747 3.258* 1.804
Unspecified Sch. 2.895 0.601 11.787* 8.118*
Rural 1.257 0.222 2.739% 1.223
Household Size 0.092 0.028 0.132 0.355*
Children per hh. -1.037 -0.540 -0.727 -1.529%*
Adult mean yrs of schooling 1.009* 0.720* 0.905* 0.579*
Poverty Index -0.654 -0.512 -0.483 0.495
Constant 13.938* 19.178* 44.794* 67.035*%
Sample Size 5014.000 5014.000 5014.000 5014.000
Pseudo R 0.237 0.275 0.303 0.220

*: Significant at 1% Level

**: Significant at 5% Level

**%: Significant at 10% Level

Notes:

1. Province dummies included, but not shown here.

2. The Household Poverty Index was derived through factor components analysis, using the four variables provided
in the Census small-area data on access to water, electricity, telecommunications and the nature of dwelling.

3. The referents for the dummy variables are no user fee; not independent; not a platoon school; not used for
ABET;no accommodation for staff; no tuckshop; no library; no computers for teaching or administration; no phone,
water indoors or electricity; no sports facilities; no incident of crime; former African school and urban household.
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Schools’ access to utilities and communication, again show that access to water is
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insignificant as a determinant of pass rates — and that this is true across all percentiles in the



distribution. The presence of a phone and access to electricity are thus positive and
significant across all percentiles, except the 10", so providing strong confirmation for the
median and mean pass rate coefficients.

Another set of variables that are very robust across the pass rate distribution are the
presence of sports facilities and the incidence of crime. The variables are correctly signed and
significant across almost all percentiles in the distribution, suggesting that they remain key
explanatory variables in the achievement production function for Grade 12-offering schools.
Likewise the classification dummies are significant in explaining performance at all
percentiles of the Grade 12 pass rate distribution, providing strong evidence that omitted
variables (principally parental and teacher attributes) explain a significant share of the
dependent variable.

The household block results also provide some confirmation for the median and mean
estimates. Hence we find no evidence to support the notion that asset or service deprivation
within communities is detrimental to school performance. Furthermore, intra-household
dynamics, such as household size and child dependency rates appear to matter only for the
highest performing schools. It is clear though, that the one community-level factor which is
critical is the years of schooling of adults — a proxy for parental education. The coefficient on
years of schooling is significant across all reported quantiles. Notably, the impact of an
additional year of schooling amongst adults in 90" percentile schools is weaker than in the
case of the remaining percentiles. The one additional result that deserves mention is the rural
dummy. While it is insignificant across all percentiles, it is significant but positive at the 75"
percentile. This result may once again point to importance of rural-based, but relatively high-
performing, former homeland schools.

There would seem to be four key conclusions from the above, more nuanced
interpretation of the behaviour of the different input coefficients across the conditional
distribution. Firstly, in agreement with much of the literature we find that the pupil-teacher
ratio is insignificant in explaining the performance of all schools — barring those in the 0™
percentile upward. An undue focus on reducing classroom size, at least from the evidence
garnered here, would appear to be an unnecessary policy intervention. Indeed, even where the
variable is significant its impact on pass rates is fairly small. Secondly, that in conforming
with the median and mean results, the evidence points to the relative unimportance of
physical classroom resources in explaining school performance. The provision of boards,
desks and seats generally seem to matter little in explaining the difference in pass rates
amongst Grade 12-offerring schools. There are two caveats to this result: Firstly, specific
physical infrastructure for both learning and administration matters in the high performing
schools. Hence, we find that the photcopiers per learner ratio has the largest impact on pass
rates for 75 percentile schools. In the case of 90" percentile schools, the overheads per
learner variable has the highest value coefficient amongst the significant covariates. The
second caveat in terms of physical resources, is that of non-standard classrooms, which again
return significant and high value results for the bottom quintile schools. Counter-balancing
the tepid physical resource results are the estimates indicating that knowledge infrastructure,
together with appropriate access to services and utilities to the school — are critical in
explaining relative performance. This is reinforced by the high values of the coefficients for
the computer variables, across all points in the distribution estimated above. Thirdly, there is
strong, albeit indirect evidence to support the view that while physical resources are relatively
marginal, it is teacher and parental characteristics which matter. The significant results for
onsite staff accommodation; adult years of schooling and the classification dummies — are all
taken as evidence here that the quality of teachers, education level of parents and the latter’s
tastes for schooling — remain key in understanding the Grade 12 performance of South
African schools. The fact, as with the median results, that the classification dummies again



retain high values relative to the remaining significant coefficients, are suggestive of the large
impact of these omitted variables in explaining pass rates across the conditional distribution.

A final consideration arising out of the above, and indeed overlaying the above two
issues — is that of the role played by former homeland schools. These schools would appear
to have some role in explaining the odd results obtained for the 75™ percentile variables — in
particular those for the principal’s office dummy and the significance of the rural dummy.
While the mean and median pass rates of these homeland schools are very similar to that of
former Department of Education & Training (DET) schools — the evidence does point
strongly to a core group of poorly resourced, rural-based high-performing former homeland
schools. In particular, it would seem that there are at least 328 former homeland schools, all
in rural areas, that are performing above the 750 percentile, constituting some 23% of all
schools in this sub-sample. The fact that these schools are achieving high pass rates within an
environment of low resource commitments, suggests the need for a much closer qualitative
and quantitative analysis of these institutions.

Va Determinants of Relative Performance

The above results provided an analysis of the impact of different covariates across the
conditional distribution of pass rates. It is also useful however to try and estimate the impact
of these independent variables on the differences in pass rates. In this vein, we extend the
quantile regression approach to estimate a set of inter-quantile regressions, where the
dependent variable is the difference between two quantiles. The inter-quantile approach takes
the following form:

0,(M )= 0, (M) =(cty — )+ (B, - B,)X, 4)

Where Qg and Q 4 refer to the specific quantiles or percentiles for the dependent
variable, M;. The coefficient, (Bg-Pg¢’) therefore represents the influence of the percentile
difference in the covariate on the dispersion in the dependent variable. Given the above, it
should be evident that an analysis of selected inter-quantile pass rates is able to provide
potentially very useful information on the role our set of independent variables play, in
explaining differential pass rates. The table below therefore estimates the impact of the set of
covariates on the 90™-10" ; 90™ — 50" and 50™ — 10™ inter-percentile pass rates. Put
differently, the coefficients indicate firstly, whether a specific variable is significant or not
and secondly, if the variable is significant different from zero, its sign is indicative of whether
it increases or reduces the dispersion in pass rates across the two selected percentiles.

If we begin with the household module, what is immediately evident is that all the
household variables for all equations estimated, are insignificant. Put differently, this would
seem to suggest that socio-economic conditions measured variously by location, years of
schooling and dependency ratios are in fact irrelevant in explaining the difference in Grade 12
pass rates. In its most acute form, this result suggests that the difference in pass rates between
the highest- and lowest-performing schools is not driven in any significant manner by
inherited socio-economic factors.

In terms of the pupil-teacher ratio, our nuanced assessment provided above, requires
an additional modification. We showed above that the ratio was insignificant in predicting
Grade 12 performance below the 80" percentile. However, while the earlier estimates
indicated a significant effect at the top of the pass rate distribution, it is evident that the ratio
is insignificant in explaining the difference in performance — whether measured by the 90™-
10™,90™-50" or 50"-10™ percentile differentials. Put differently, in a policy context, attempts
at reducing the most extreme gap - that between 90™ and 10™ percentile schools through



reducing classroom sizes - would have no significant impact on the relative performance of
10™ percentile schools.

In terms of the 90™ — 10" percentile differences, the independent school dummy which
was significant at the mean and 75" percentile is insignificant here. Hence, a school being
independent in this particular sample, does not contribute to either increasing or reducing the
dispersion in pass rates. This is quite an important result, within the context of the
proliferation of independent schools in South Africa, since 1994.



Table 5: Inter-Quantile Determinants of Relative Performance

Dependent Variable: Matric Pass Rate

Inter-Quantile Range

90th _ 1Oth 50th _ 1Oth
Pupil- Teacher ratio -0.023 -0.038 0.015
Independent 4.257 0.878 3.379
Lowest grade -0.090 0.028 -0.118
Non-std. classroom:learner ratio 264.493** 179.144 85.348
Specialist classroom:learner ratio 14.994 29.406 -14.411
Platoon School 7.066** 6.743*%* 0.323
Used for ABET -0.323 -0.748 0.426
Principal’s Office -1.708 -0.561 -1.146
Accom. For Staff 0.462 0.006 0.456
Tuckshop -4.7741%* -1.972%* S2.770%¢
Boards per learner 0.107 0.175 -0.068
Seats per learner -0.880 -0.227 -0.653
Desks per learner -0.220 -0.293 0.072
Overhead p.| 15.096 18.340 -3.243
Photocopier p.1 489.568*** -72.232 561.800*
Library -0.552 -1.069 0.517
Computer for teaching -3.618%%* -4.984* 1.366
Computer for admin 6.209* 2.280 3.929%*
Phone 1.165 -1.094 2.259%%%
Water Indoors -0.912 0.490 -1.402
Electricity 1.448 -2.025 3.474
Sports facilities 1.308 -0.727 2.035%**
Crime Incident -0.880 -0.355 -0.525
Col./Indian School -13.924* -10.671* -3.253
White School -37.569* -19.499* -18.071*
New School 0.567 -1.454 2.021
Unspecified Sch. 5.223 -4.644 9.868***
Rural -0.033 -0.388 0.354
Household Size 0.263 0.218 0.046
Children per hh. -0.491 -0.926 0.435
Adult mean yrs of schooling -0.430 -0.147 -0.284
Poverty Index 1.149 1.295 -0.146
Constant 53.097* 37.318* 15.780*
High Quantile R? 0.220 0.220 0.301
Low Quantile R 0.237 0.301 0.237

*: Significant at 1% Level
**: Significant at 5% Level
**%: Significant at 10% Level
Notes:
1. Province dummies included, but not shown here.
2. The Household Poverty Index was derived through factor components analysis, using the four variables provided in
the Census small-area data on access to water, electricity, telecommunications and the nature of dwelling.
3. The referents for the dummy variables are no user fee; not independent; not a platoon school; not used for
ABET;no accommodation for staff; no tuckshop; no library; no computers for teaching or administration; no phone,
water indoors or electricity; no sports facilities; no incident of crime; former African school and urban household.

Interestingly, the lowest grade offered, while significant at different points in the pass rate
distribution is not significant in explaining the difference in performance. Non-standard
classrooms however remain important in attributing for the difference in pass rates at the
extreme ends of the distribution. Specifically the coefficient is positive and significant at the
5% level, suggesting that the high share of these non-standard classrooms in the 10"
percentile schools serves to widen the dispersion in results when compared with the sample of
90" percentile schools. This result provides for a powerful policy message — namely that the



provision of higher quality physical infrastructure for learning — will significantly reduce the
difference in Grade 12 performance. Relatedly, the provision of specialist classrooms, would
have no significant impact on the difference in relative performance. The presence of a
platoon school on the other hand, serves to increase the gap in relative performance between
the 90™-10™ and 90™-50" percentile schools . It is important to note that this result suggests
that, despite the former homeland school result above, the impact of platoon schools at the
bottom-end of the distribution is sufficiently strong to increase the dispersion'’.

The presence of a tuckshop yields very strong results, as it is significant and negative
across all specifications. Again, this may be some evidence (although this cannot be
substantiated with the available data) that school nutrition programmes may be key in
reducing the gap in relative Grade 12 performance. As with the previous results however,
most classroom resources are insignificant in explaining the difference in performance.
Hence, the impact of chalkboards, seats, desks and overhead projectors in explaining the
difference in performance across schools is not significantly different from zero.

The stated importance of ensuring administrative efficiency at schools is shown quite
strongly in the results here. Hence, the number of photocopiers per learner and the presence
of a computer for administrative purposes are both significant and positive in explaining the
90™-10™ and 90™-50™ percentile differences. The coefficients suggest that a dearth of these
facilities at the 10™ percentile schools serves to widen the gap in their Grade 12 performance
relative to the 90" and 50" percentile schools. Given the import placed on this issue of
administrative efficiency and, as noted above, the relative scarcity of evidence on it within
schools, this result is particularly noteworthy.

Interestingly, the existence (or lack thereof) of libraries are not significant in
explaning the conditional pass rate differentials. On the contrary the presence of a computer
for teaching purposes serves to reduce the differential in outcomes, by both the 90"™-10" and
90™-50" differentials. This would suggest that the provision of computers in 10™ and 50™
percentile performing schools has served to reduce their gap in performance with the top-
achieving cohort. The results for the remaining set of variables ranging from access to
services and utilities and the incidence of crime are all fairly weak explanators. Finally
though, the classification dummies retain their importance, and again confirming the
importance of omitted teacher and parent characteristics in understanding the difference in
matric performance.

In summary then, the inter-quantile results provide some lessons for attempting to
explain the observed differentials in pass rates across schools. Firstly, it is clear that the
pupil-teacher ratio remains insignificant even when trying to understand the gap between
high- and low-performing schools. Simply put, a 10™ percentile school’s probability of
improved performance does not in any way rest on a reduction in classroom size. Secondly,
of all the physical resource variables, it is the provision of standard classrooms and the
avoidance of platooning that will reduce the gap in Grade 12 performance — with the former’s
coefficient though, being over thirty times larger than the latter’s. Thirdly, administrative
efficiency and knowledge infrastructure matter for reducing the performance gap, and the
presence of photocopiers and computers for these purposes is clear evidence for this fact.
Importantly, the photcopiers per learner variable has the largest impact on relative
performance for both the 90-10 and 50-10 pass rate differentials. Finally, unmeasured
teacher and parent characteristics, implicitly contained in the classification dummies alludes
to possibly the most important set of variables that are likely to explain the gap in Grade 12
pass rates for 2000. Again these set of classification dummies are relatively high in value
when compared with the remaining covariates, across the specifications.

19 Note that if the homeland school effect was stronger, the coefficient would have been negative and significant, suggesting
that the presence of platoon schools would reduce the pass rate dispersion.



VI Conclusion

The above has attempted, possibly for the first time for South Africa, to estimate an
educational production function utilising post-apartheid data that included both schooling and
community-level information. In addition, the application of quantile regression techniques
allowed for more nuanced information on the determinants of Grade 12 pass rates in 2000.
There are a number of key results to emerge from the analysis. These are firstly, that the
pupil-teacher ratio is insignificant in explaining pass rates for schools below the 80"
percentile. In addition, and critical for policy, the result indicates that the pupil-teacher ratio
does not help in explaining the differences in pass rates. Hence, reducing classroom sizes in
order to improve the relative performance of schools would be a misplaced intervention.

Secondly, our results show that most physical resources with the exception of the
presence of classrooms made of bricks and mortar, are irrelevant in explaining matric
performance. This is less true for administration-related resources, which do have a fairly
robust explanatory power in predicting performance. Ultimately though, these varied results
suggest that the impact of resources on performance is not strong and where there is a
significant effect, it is highly dependent on the resource in question, and the metric utilised for
the dependent variable. Thirdly, knowledge infrastructure, particularly in the case of
computers for teaching, is key in understanding the absolute and relative performance of
schools. In addition, the relatively high value of these coefficients, confirms their impact on
Grade 12 pass rates.

Fourthly, the strength of the classification dummies and some of the proxy variables
for teacher and parent characteristics is a crucial result. For policy purposes, the latter are not
easily amenable to intervention, while the former clearly is. The importance of teacher
characteristics, admittedly captured rather indirectly here, cannot be doubted and it probably
should be the key priority focus for any policy programme aimed at improving Grade 12
performance levels. One redeeming feature, from a policy perspective, of the results is that
household vulnerability is a weak predictor of performance. Finally, within the context of
future research, it would seem prudent to examine very specific schools, such as for example
high-performing relative to low-performing former homeland schools, to get a more detailed
analysis of what the key factors and parameters are, which make for high-performing schools.

It is hoped that this initial study can be expanded on through the use of more recent
Grade 12 data which also draws on some of the richer data collected on schools. This would
ultimately be in a bid to better understand the many and varied predictors of what is clearly a
vital component for South Africa’s long-run economic success.
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Appendix

Quantile and OLS Coefficients on Adult Schooling
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