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I. INTRODUCTION

Backaground

Historically Zimbabwe inherited at Independence in 1980 an educational
system which had denied educaticnal opportunities to the majority African
(black) population. The most distinguishing feature of the pre-independence
educational system was its racial biaas, characterizad by limited provision of

educational resources for the African population, especially in rural areas.

Before independence access to saecondary education by African pupils was
governed by strict eelection policiee not found in the European education
sector. As a result of these harsh politically motivated seiection policies,

Grade 7/Form 1 transition rates before independence were below 35%. (Table

1.1)

TABLE 1.1: Grade 7/Form 1 Transition Rates (%), 19%70/71 - 1988/89
Year: 70/3 71/2 72/3 73/4 74/S I5/6 76/7 _17/8 _78/9 19/80
Transition Rates 30 33 31 30 27 25 23 22 22 27
Year:
Transition Rate: 86 70 74 82 82 78 70 65 66

Source: Calculated from Re

Secretary for Education, vérious”years; covernmentJPrintera,Saliabury and
Harare, and "Taachers’ Colleges and Schools: Staffing and Enrolment

Statietics®, various years, Minietry of Education, mimeo.

In addition to unequal access to education, there were political, social
and economic disparitiee under colonial rule. Swift and decisive political
action by an independent Zimbabwean government was, therefore, expected by the
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black aajority in order to correct and reverse the imbalances and the gross
insquaii*‘ea prevailing in the gocliety. 8Such swift action was taken in the

education sector within six monthe of obtaining independenca. .

Expans ‘n.and Quality in Secondary Education

The dramatic changes in educational provision for the African population
soon after independence were to a large extent motivated by the deeire of ZANU
(PF), the ruling partr, to meet the hi¢h demand for education and the
aspirations of thousands of black youths denied access to education by the
colonial governments. Notably, education, rather than being viewed as a
privilege, "vas declared to be a basic right. The Zimbabwe government
committed itself to a number of obiactivee:s

- the provision cof universal primary education

- the abolition of a racial education system.

- the establishment uf a uniform national system of education.

~ the establishment of at least one government school in each of the

rural administrative districts
- the =Zraining of more teachers for both primary and aagondaz§ achoeols.
- the expansion of secondary educational facilities especially in those

areas previously neglected by the pre-independenre regimes.

The reality of commitment is amply demonstrated by the statistics in Tablas

1.2 and 1.3.



TABLE 1.2: Number of Secondary Schools and Enrolments, 1979 - 1989

Year #5chools School Index* Enrolment _Enrxolment
Index+
1979 177 100 66215 100
1880 197 111 74321 112
1981 694 392 148690 225
1982 738 417 227647 344
1983 790 446 316438 478
1984 1182 668 416413 628
1985 1215 686 482000 728
1986 1276 721 537427 812
1987 1395 788 604652 913
1988 1484 838 653353 987
1989 1502 849 698828 1051

* School index baseline is the 1979 figure.
+ Enrolment index baseline is the 1979 enroclment figure.
Source: See Table 1.1

The data in Table 1.2 demonstrate the magnitude of expansion in both
numbers of secondary schools and in enrolmants. While there were only 177
secondary schools in 1979, the number increased to 1,502 in 1989 reflecting a
phenomenal increase of 749%. 1In terms of enrolment, the relatively small

figure of 66,215 students in 1979 jumped tc 695,882 in 1989, an increase of

851%.



TABLE 1.3: Nur 2rs of Teachers in Secondary Schools, 1979-1989

Year #Teachers Index~ % Untrajned & Undergualified+
1979 351e 100 n.a 6
1980 3736 ioe 3 7
1981 6112 173 S 7
1982 8349 236 12 12
1983 11191 317 22 46
1984 14718 416 21 18
1988 17315 489 4s 19
1986 19487 551 47 17
1987 21981 622 49 16
1988 23899 678 n.a. n.a.
1989 24856 703 50 n.a.

n.a. not available.

* The teacher index baseline is the 1979 figure.
Underqualified is defined as Standard 6 plus 2 years teachar training,
Junior Certificate (J.C.) plus 2 or 3 years teacher training, and
Cambridge School Certificate (C.S.C.) plus 2 or 3 or 4 yeare primary
teacher training.

Source: Sse Table 1.1

The rapid increase in student enrolments was matched by a rapid growt™ 'n
the number of teachers. Ae can be seen from Table 1.3, the teaching force
which stood at 3,534 in 1979 roze to 24,856 in 198%. However, the steady
increase in numbers of teachers had another side to it, namely the increase in
the number of untrained and underqualified teachers employed in secondary
schools. Whilst only 3% of secondary school teachers were untrained in 1979
the percentage rose to 50% in 1989. The percentage of underqualified teachers
has fluctuated between 7 ~ 46% in the period 1980 - 87. Government efforts to
train more secondary school teachers have been significant. While there were
only two secondary teacher training colleges in 1979, the number had increased
to four by 1985 and a fifth college is due to op.z shortly in Chinhoyi. The

data in Tables 1.2 and 1.3 clearly demonstrate that the Zimbabwean government



has performad outetanding.y in incresasing the quantity of education - that is
building more schools, hiring more teachers, and enrolling more pupils.
However, the quality of teaching and learning in uecondagy achoole ag measurad
by academic achievempnt rates in public examinationes show. a steady decliine
ovar the ten yoaru‘ot Independence. for example, in 1979 63% of those
students sitting for the Cambri~ e ‘0’ levels passed in at leaat five subjacts
wheraus only 13% attained the same standards in 1985. The gituation in 1989
has not improved. Of about 169,000 students sitting for the Cambridge ‘0’
levels (in 1989) only about 22,000 (13%) passed in at least five subjects. Of
course, whilst the percentages passing have decreased since Independence, the

actual numbers of pupils sitting the examinatione have increased.

This increase in access to secondary education has allowed pupils of low
academic ability to enter secondary scheools whilet the academically oriented
curriculum of the pra~independence period has remained almost unchanged.
Furthermore, these schools lack adequate resources such a3 qralified and
experienced teachers, textbooks, library books, and other ingtructional

materials.

A similar decline in educational quality is illustrated by the
achievement rates of students in the Ziwbabwe Junior Certificate (2JC) English

and Mathematices public exam.:ationaz for the period 1984 - 88.



TABLE 1.4: Stadent Psss Ratcs in Mathematics and English at the ZJC Levsl,

1984 - 1988
cae N i No P s % MANH P, s % Pass ;;sg
o Passi q I _Sitti 0. Passi Pa
ﬁda mﬁ*ﬂﬂ%" z9ﬁ§ﬁm"““£uigﬂ£'“‘ 101 l%ﬂ?" I
1988 148670 80832 54 122461 15779 13
1986 129909 62660 48 130266 2386 18
1987 146674 62177 3 146241 13672 9
1988 169913 $8252 34 169009 26716 16

Source: Ses Table 1.1

Table 1.4 provides data on pupils reaching a passing standard in the
Zimbabwe Junior Certificate national examinations in Mathematice and English.
Of 101,086 students who wrote the 2JC English examination in 1984 ouly 29
percent attained a passing standard, and the number of students successfully
completing the 2JC English program has declined steadily since the leap in
1985. For Mathematice, ti:e rate of stilient academic achievement is

disappointingly low (9-18%).

Contaxt of_ the Stud

These declining levels of attainment signal the erosion of educational
quality through pressures to expand the educational system in the faca of
diminishing resources. Within Zimbabw2 such scarce resouvrces include
salaries, tuition expenditures, physical facilities, and instructional
materials. What appears an appropriate strategy to curb the decline in
education.l quality in Zimbabwe secondary schools ie to identify school, and
class characterisetice which boost student academic achievement. The principal
aim of this study was to identify schools which produce the best and worst
2JC results in English and Mathematics after controlling for the students’
academic background on intake and » determine the characteristics of
effective and ineffective secondary schools. The results oi the study were an

important input into a joint Zimbabwe Ministry of Education and Culture and

é



World Bank education sector study carried out in May-June 199C. Major isoucse
addressed in the sector study include: low levels of learning achievements,
eapecially i the recently aestablished secondary schcols, the unattractive
prospects foxr many school-leavers due te the high level of youth unemployment,
wiiether the Government will be able to continue increasing its financial
support to the education sector, whether existing esources are being used

optimally, and what additional resources can be utilized for eduscation.

II. RESEARCH DESIGN

Many countries produce ’‘leagua’ tables of school examination results
which ars meant to .dentify the beat and the worst schools. Such ‘league’
tables do, of course, tell us which schools produce the top gradee, but as
every parent and teacher knows, the schouols which attract the baest students,
i.e. those having already proven academic ability, »—e bound to produce the
best examination results. Such league tables are more indicative of the
intake of schools than the actual output, for they do not account for the
students’ prior ability, ard therefore they do not messure what has actually
beea achieved at echool. Of far greater interest than a table showing which
schools produce the top grades is a rather different sort of ‘league’ tuble,
which shows the increment in achievement after controlling for schoele’ intake

of estudents.



This study uses the exam results on the internally set Zimbabwe Junior
Certiticats (BJC)ll.rho choice of English and Mathematics, besides being two
compulsory subjects whose examination results span different types of academic
ability, v 3 predicated on our being able to control for prior achiesvement in
these subjects, their being the twe subjects examined in Grade 7, the final

year of primary school.

Sample

It was important that the sample of schools chosen for the analysis be
representative of the national population of schools. Six schooltypes
adequately roflect the most important, different kinds of schools operating in
the country, namely: (1) former Group A government schools, which had catered
for the Europsan population before Independence, (2) former Group B urban
government echools, (3) former Group B rural government schools, both of which
had catsred solely for the African population before Independence, (4) high
feo-paying (trust) schools , similar to American ‘private schools‘’ or British
‘public schools’, (5) mission schoole and (€) the new local-authority run

district council schools.

In order that the students sampled in these six schooltypes also be
reprasentative of the major ethnic groups in Zimbabwe, but at the same time
not toco dispersed for follow-up school vieits, four regions were selected for

further sampling: Harare, the capital, Mashonaland West, the Midlands and

llalthonqh it would have been preferable to use ‘0’ level examinations taken
in what is, for most students, their final year of secondary school, the
sector mission would not have had the opportunity to interview the students,
who, had they been in Form IV last year, would already have left school.



Matabeleland North. A fair spread of Ndebele and Shona children attending
both urban and rural schoole could be obtained from these four regions,
without, in addition, posing any security problems. A stratified random
sample was drawn, proportional to the size of the districts in the chosen
regions. The dietricts selected were: Mhondoro and Sanyati (Mashonaland
West), Shurugwi and Takawira (Midlandse) and Binga and Nkayi (Matabeleland
North). Further sampling, proportional to the size of the secondary sechools by

the six schooltypes, was carried out in theose districts.

Ideally, one would want to have the number of schoole in each schooltyps
reflect the total echool population. This was attempted, but the actual
breakdown of @econdary schools by schooltype, could not be obtained. 1In
addition, there was the further constraint of having sufficient numbere of
schools in each schooltypa to make a reasonable analysis. It was decided that
four gchools per schooltype would suffice. Table 2.1 extrapolates Zrom the
known breakdown of schools for 1985, and includes “"guesstimates” for 1989,

given the known total school population.



TABLE 2.1: Breakdown of Secondary Schools by Schooltype in Sample and
Guesstimates in Total Population, 1989

No. in Estimate

sample % 1989 3
Former Group A 4 8 st 2
Former Group B (urban) 4 8 ) )

\

Former Group B (rural) 6 13 ; 158* ;11
High Fee-paying 4 8 38 3
Miasion 6 13 172 11
District Council 24 S0 1006 67
Other - - 94 6
TOTAL 48 100 1502* 100

+ Actual Pigures

Varjables

The time frame within which the study was conducted produced certain
constraints. A decision had to be made as to which variables (from the ideal
get of variables one would like to include in a study such as this) could
realistically be obtained in the time from mid-February, when the sampling was
carried out and the data collection begun, and mid~April, when the schools

closed for Baster and the analysis began.

The main prerequisites of the study were that the 2JC English and
Mathematice results as well as the Grade 7 English and Mathematics examination

scores were reported for each student sampled. (All Form II students in 1989

10



whose names were on the 2JC entry forms for each of the 48 sampled schools
were included.) As most secondary schools have a record of their students’
Grade 7 scores, we sent the ZJC entry form print-out to Each of the head
teachers of the 48 schools sampled and requested that they fill in each 1989
Form II student’s Grade 7 marks. The Grade 7 examination scores allow a
control to be made for intake ability in each of the subjects, enabling us to
modal the increment in achievement that could be attributed to the secondary
school, rather than the child’e previous schooling. Whilst we would have
liked to have had a measure of each student‘’s socio-econcmic background,
something which we could have obtained through a detailed questionnairs, along
with other, student-level information, it was thought unrealistic to expect
the head teachers to administer such questionnaires in the time available.?
Besides the four grades for each pupil, the two subjects for the two
examinations - the other pupil-level variables which we were able to include
in the study were the sex and age of the pupils, which were obtained from the

ZJC entry forms.

It was also possible to match each pupil with her/his Form II English and
Math teachers as well as classmates by using information from the school heads
on the deployment of the Form II English and Math teachers in each clase.
This enabled us to carry out a three-level analysis, including the class as

well as the school and pupil levels.

#1n a 1985 study of ‘O’ level reeults in English and Mathematics (Riddell
1988), both an intake variable and a pupil~level background index variable
were included, but the influence of the intake varisble was much larger than
the socio-economic variable. In fact, while modelled separately, it was
guestionable to what extent the intake variable covered for some of the
influence of the background variable.

11



Aside from one further variable collected from the head teachers, namely,
how many pupils had to share each textbook in Math and in English, the
remaining clai. and school level information was collected from statistical
returns to the Ministry of Education and Culture, on the ED.46 (Part II) form.
This narrowad down the optimal list of variablee to include the following,
additional class leval variables: the qualifications and years of experience
of the Form II Math and English teachers and ths class size, and the
following, additional school laevel varviables: the percentage of teachers in
the four different qualification bands, ranging from untrained to certificated
graduate, the average years of teaching experience at the school, the average
years of teaching at the particular school, whether the school was day or
boarding, the size of the school, the overall teacher pupil ratio and the
percentage of Africans at the school. A list of all the variables in the

study can be found in Appendix 1.

Methodoloay

The choice of a multilevel model was an obvious one, given the objective
of the study. Whilet ordinary least squares regression could contrél for the
intake ability of the students, it would not have beon possiblg to infer at
the class and school levels the implications of this control and other
parameters. Similarly, if one focussed on the school lavel, it would not have
been possible to adequately account for the prior ability of the students.
This would be rather like seeking explanations for the development of a hybrid
gpecies without knowing the constituent breeds. The arguments concerning the
appropriateness of multilevel modelling for nested, hierarchical data found in

an education system in which pupils are nested in classes, which in turn are

12



nested in schools, have been put forward in several contexts, e.g. (Burstein
1980a, 1980b, Goldstein 1587, Riddell 1988, 1989). One of ths main advantagas
of using a multilevel model for a study such as this is the ability to portray
simultaneocusly the influence of different factors at all the levels one
choocses to spacify, 8o there is no need to be limited by ‘a’ unit of analyeis.
The richness of interpretation made possible by multilevel modelling will
become clear in the digcussion of the results. The multilevel package used

for the analysis was ML3 (Rasbash, Prosser, Goldstein 1989).

Rescription of Sample

Of the 48 schools originally sampled, soms 33 (69%) returned sufficient
data by the second week of April, enabling us to include them in the study.
The final numbers and percentage breakdowns by schocltype, by school, by class
and by pupil can be found in Table 2.2. The final sample consisted of 5,293
Form IXI pupils in 138 classes in 33 achools. Table 2.3 illustrates the data
that are missing from the original sample, and from the final sample, by
numbers of pupils and by subject. Pupils were eliminated from the samnple if
either of the twe grades for each subject was missing. Table 2.4 reports the
means and the standard deviations of all the computable variables in the
study, by schooltype. Both the 2JC and the Grade 7 examination are graded on
a scale of 1 to 9, 1-6, being passing grades with 1 the top grade, and 7-9
being failing grades. In order for the results of the regression analysis to
be interpreted easily, these grades were transposed, so that 9 is now the

highest grade and 1 the lowest.
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TABLE 2.2

Description of Pinal Sample: No. of Schools by Schooltype, No. of Classes,
No. of Pupilas (%)

School Tvpe No. Schools (%) No. Claages (%) No. Pupils (%)

Former Gp A 3(9) 22(16) 735(14)

Former Gp B (urb.) 4(12) 48(35) 2008(38)

Former Gp B (rur.) 3(9) 15(11) $37(10)

High Fee-paying 2(6) 6(4) 155(3)

Miseion 6(18) 19(14) 801(15)

District Council 15(46) 28(20) 1057(20)

TOTAL 33(100) 138(100) 5293(100).
TABLE 2.3

Miseing Data from Original Sampla: No. Schools by Schooltype (%);
Missing Data from Final Sample by Subject: No. Pupils

No. Schools No. Schools No.Pupils No.Pupils No.Pupils

Orig.Sample Final Sample Final Sample Eaglish Math
Former Gp A 4 k) 738 384 (19) 611 (53)
Former Gp B (urb.) 4 4 (100) 2008 1432 (1) 1456 (73)
Former Gp B (rur.) 6 3 (50) 537 433 (81) 431 (80)
Higher Fee-paying 4 2 (50) 155 134 (86) 133 (26)
Mission 6 6 (100) 801 738 (92) 733 (92)
District Council 24 15 (63) 1087 829 (78) 826 (78)
TOTAL 38 i ) 3253 137 I
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Average Valuss of Variables by Schooitype (S.D.)

TABLE 2.4

All Former Former Former High Fes District
Scheols Gp A Gp B(urb) Gp B(rur) Paying Mission Coungcil

Eupil fevel
ZICB 31.82.2) 5.922.1) 3.0(1.6) 3.3(L.5) 7.1Q2.1) 5.57(1.9) 2.4(1.9)
ZICM 2.5(1.9) 2.7(1.9) 1.8(1.1) 2.1(1.3) 5.02.9) 4.52.5) 1.7(1.0}
GRTE 6.41.7D 7.7(1.2) 58(1.9) 6.2(1.9) 8.6(.7 7.6(1.1) §.3(1.5)
GR™ 7.0(1.8) 7.5(1.6) 6.6(1.7 .19 8.3(.9) 8.2(1.3) 6.2(1.9)
AGE 16.1(1.6) 15.2(.9 16.2(1.3) 16.5(1.9) 14.6(.6) 15.8(1.1) 16.92.3)
W 2.2(1.9) 1.5(.D 1.9(1.6) 2.5(L.1) 1.0(0) 1.6(.9) 3.6(.8)
MQUAL 2.6(1.9) 1.1(1.6) 2.6(1.D 1.0(1.0) 1.4(.5) 2.8(1.2) 331.1)
EXPER 6.9(19.9) 3.38.70 11.5(30) 2.32.00 2.2(.8) 4.93.2) 1.9(1.0)
MEXPER 3.9(13.0) 1.74.3) 5.120) 1.92.3) 3.6.2 1.9(1.3) 2.0(1.3)
CISIZB 33.2(12.9) 34.646) 29.4(17) 35.8Q2.9) 27.0(5.3) 42.9(4.5) 39.3(7.2)
W 21.9¢23) 53.6(11.9) 9309 7.44.7) 64.8(1.9) 50.2(14.7) 3.36.9

2 38.3(16.7) 34.7(12.0) 39.8(12.9) 59.0(11.6) 29.8(5.9) 35.0(10.6) 31.123.1)

3 5.909.8) 0.9(1.9) 9.6(13.9 6.8Q2.7 o0 7.3(5.0) 1.765.1)

4 33.5(26.6) 10.8(1.9)  41.3(16.2) 22.1(17.4) 5.4(4.9) 1.6C1.7 63.8(27.5)
TCHEXPER 3.52.9) 7.12.9) 2.000) 3.8(1.3) 5.2(1.0) 5.33.2) 2.1(.8)
TCHTHIS 2.6(1.6) 3.71.0) 1.7(.9 2. 2.9 5.2(1.0) 4.42.9 L.
ETEXT 53(.3) 192 38(.2) 42(.1) 1.000) 84(.23) A1)
MTEXT S3(.3) 19D .38(.2) A42(.1) 1.0(0) 84.23) A1)
SIZE 1029(558) 1296(407)  1503(319) 995(424) 600(125) 644(178) 314(36)
TR 26.4(3.9) 26.63.3) 28.5(1.9 21.44.9) 14Q2.9) 26.6(3.3) 26.3(1.8)
PERCTAF  96.1(12.9) 87.34.0) 100(0) 100(0) 26.6(4.4) 100(0) 100(0)
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The average 2ZJC English grade across all the schooltypes wae 3.8,
with the lowest average, 2.4 reported for district council schools and the
highest, 7.1. for high fee-paying schools. For ZJC Mathematics, the average
grades ware much lower, 2.5 for all schoolty.as, and a low of 1.8 for the
former Group B urban schools and 5.0 for high fee-paying schools. The grades
on the Grade 7 examination were much higher across the board, the averages for
English and Mathemstics being 6.4 and 7.0, respectively, with the lowest
averages reported for the district council schools in both subjects, 5.3 and
6.2; respectively, and the higheat reported in the high fee-paying schools,
8.6 and 8.3, respectively. The average age of the pupils in the sample was
16.1. The lowast, 14.6, was found, not surprisingly, in the high fee-paying
schools, where the children’s educacion is least likely to have been
interrupted, and the highest, 16.9, was found, in the district council

schoolg, where the opposite would be the case.

The teacher qualification codes, used for the EQUAL and MQUAL variables,
denote the qualification bands of the Form II English and Math teachers, but
the same coding also applies to the school level variables, TCHQUALi~-4, being
the percentage of teachers in the whole school in the four bands. Bands 1 and
2 comprise fully trained teachers, band 1 being certificated and
uncertificated graduates, and teachers holding unrecognized degrees, and band
2 being S/4 years of teacher training or ‘0’ level plus 3/2 years teacher
training. Bande 3 and ¢4 comprise underqualified and untrained staff, namely
band 3 being the old teacher training qualifications of J.C. plus 2/3 years
teacher training and Standard 6 plus 2 years teacher training, and band 4§
comprising either untrained teachers or teacher trainees. At the class level,
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the actual Form II English and Math teachers averaged on the trained side
across all the schooltypes, but ranged from averagee of all fully qualified at
the high fn.;fayinq and former Group B (urban) schools to the underqualified
and untrained side of the scale for district council schools in both subjects.
A contrast is found for tha years of teaching exparience in both subjacts.
The averages across all schooltypes were 6.9 and 3.9 for English and
Mathematics respsctively, but ranging from less than two years for distriet
council and former Group A urban schools to 11.5 and 5.1 years of experience
in the former Group B urban schools for both subjects, respectively. Clasgs
sizes were smallest in the high fee-paying schools, averaging 27 pupils per
class, whereas the largest average class sizes were found in the mission

schools, with 42.9 being the average for that schooltype.

Grouping the teacher qualification bands 1 and 2 together to obtain the
percentage of trained teachers rasults in an average of 60.2% trained teachers
across 8ll the schooltypes, but with a range from 34.4% in the district
council schools to 94.6% in the high fee-paying schools. Average years of
teaching experience ie highest in the former Group A schools, at 7.i years,
and the lowest, at the former Group B urban schools, at 2.0 years, with an
average of 3.5 years acroes all schooltypes. The number of years teachers
have spent at the particular school in question ranged from 1.7 years in both
the former Group B urban and district council echools to 5.2 years in the high
fee-paying schools, the average across all schooltypes being 2.6 years. The
variables ETEXT and MTEXT represent the availability of textbooks in the two
subjects as judged by the head teachers. If each child has her/his cwn

textbook, the variable’s value is 1.0, if shared betwaen two pupils, then 0.50
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and so forth. The range for the averages of these variablee was from .38 for
both subjacts at former Group B urban school " to 1.0 at the high fee-paying
schools, thE.an average for all schooltypes of 0.53. The smallest schools on
average were the district council schools, averaging 314 pupile in size, and
the largest, not surprisingly the former Group B urban schools, averaging 1503
pupils in size. Teacher pupil ratios ranged from 14 in the high fee-paying
schools to 28.5 in the former Group B urban schools, with an average across
all the schooltypes of 26.4. The percantage Africans comprising the student
bodies of the different schooltypee ranged from 26.6% in the high fee-paying
schools to 1008 or a predominant majority in most of the other schooltypes. A

list of schooltype categorias can be found in Appendix 2.

III. THE PROGRESSION TOWARD ‘FINAL‘ MODELS
FOR ZJC ENGLISH AND MATHEMATICS ACHIEVEMENT

Plugging in variables into a sophisticated regreesion model can assume a
life apart from reality. Endless testing of different fixed and random
parameters can easily remove one from the subject under study. The aim of
this section, however, will be to interpret the meaning behind a web of
complicated statistice and hopefully to bring to life different explanations
of Mathematics and English achievement at Form II in Zimbabwe'’'s secondary

schools in 1989.

Not only is one’s subject matter in the social sciences of the real
world, but so are the methode which one uses for analysis. This study is
certainly no exception, and whilst multilevel models are in the process of
superseding ordinary least squares (OLS) regreseion analysis when applied to
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nestod, hierarchical data such ae are found in educational systems, the
programmes facilitating such mocdelling have iiot gone through the years of

testing that single level programmes have undergone. ‘

A prefatory caveat is neaded to axplain why some analyses were carried
out in this study and not others. Numercus problems were encountered in uveing
ML3, the multilevel regqresaion programme. The size of the data set and the
numbers of variables collected, though in fact, quite limited, us discussed
above, wera at times too great for the capacity of the programme. Certain
combinations of variablas overran the workspace; certain deletions of missing
data seemingly occupiad more, not less workspace, frustrating the testing of
potential models; and reading data into the workepace was not always a
straightforward naxercise. Nonetheless, it was still thought preferable to
continue using ML3, aven with its remaining ‘buge’, for a picture is painted

which ies far cioser to reality than any single level model can pnint.!’

In single level regroession models, there is a single residual term
illustrating the variance which has not been explained. In multilevel models,
rasidual terms at each level are specified. For example, in the threae-level
models described below, three residual terms reflect the differing effects of
the explanatory variables at the pupil, the class and the achool levels. 1In

other words, instead of being ’'throw-away’, error terms, the residual

VY 1n fairness, many of these ‘bugs’ have been eliminated since the first
writing of this report, and in addition, an extended memory version of ML3 is
up and running, facilitating the inclusion of more variables. However, the
iimited number of schools in the study still constrains the number of school
level variables which can be fit successfully in any one model.
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parameters &re a separate focal point of the analyasis. (See Goldstein 1987 for

technical baokground.)

In each of the models, together with the significance of the fixed
parameters which are tested, we are interasted in the reductions made to the
overall variance by the inclusion of differsnt explanatory variablse, as well
as the changes in the distribution and eize of the components of this overall

variance at each of the three levels.

BACKGROUND MODELS: ADJUSTING FOR INTAKE

Model A: The Variance components of Grade ] Scored

Tables 3.1 and 3.2 report the results of the initial models for
Mathematics and English respectively. Model A, shows the variation in Grade 7
scores between schoolas and between students. Model A is & two level model
because we do not know the classes in which the 1989 ZJC candidates sat their
Grade 7 examinations. PFor Mathematics, 40% of the varistion in achievement is
between schools; for English, the figure is 53%. The average Grade 7 marxks
for both subjects across all schooltypes are 6.4 for English and 7.0 for

Mathematica.

Model 1: The Variance Componentg of ZJC SCOores
Model 1 is really the starting point of this analysis. It illustrates

the total varisnce to be explained in subsequent models and how it is
partitioned betwsen the three different levels. For Mathematics achieveaent,

47% of the variance is between schools, 14% between classes and 39% bastween
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students. For English achieveme.t, the figuras are comparable, with 47% also

betwaen schoels, 18% betwaen classws and 34% betwesen students.
: l

Model 2: controlling for Grade 7 Scores

Modal 2 illustrates the effect of controlling for the Grade 7 scores in
English and Mathematics of each individual Porm II pupil. In Mathematics one-
third of the sverall variance is accounted for by the prior Grade 7
achievement, and one-half in the case of English. The betwean school
variances in both subjects are significantly reduced by the inclusion of this
variable, one~third in the case of Mathematics and two-thirds in the case of
English. This means that some of the observed between school differenses have
nothing to do with differences in gchool or classroom practices but rathe: the
selection into the schools on the barcis of the ztudents’ prior achievement.

In a single level model, bacause it is not possible to distinguish betwsan
these different components of variance, these sslection differences are
confounded with ‘real’ school differences. Tha clase leval variances in
English were reduced by two-thirds with the inclusion of the Grade 7 score,
but only by 129 for Mathematics, indicating that clasces are more

differentiated according to Grade 7 achievement lovels in English than they

are for Mathematics.

The relationship between prior achievement in English and subasegquent
achievement at Porm II is stronger than for Mathematics, judging by the
cosfficients of the fixed parameters. Tor every point Lncrease in Grade 7

mark, there is more than a third of a point increase at ZJC for Mathematics,

but more than two-thirds for English.
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Whereas Model 2 assumes that the relationship between Grade 7 achievement
and Form II achievement i@ the same in all schools, Model 2a allows this
relationship to vary, so that some schools may produce better results than
others, given particular levals of student achievement on intake. This model
proved to be significant only in the case of English, and not Mathematics, for
which a constant slops - or constant relationship - was evident. For English,
however, taken at the avsrage Grade 7 score of 6.4085, this model resulted in
& reduction in the between school variance of 5%, to 28% of the overall
variance. The total variance itself was reduced by 10%, when compared with

Model 2.Y

Model 3: Schooltvpe Differentiation

Dummy variables were created for the different schooltypes under
investigation in the study, the Group A schoole serving as the reference
point. The inclusion of these 5 schooltype variables elirlinated the batwaeen
school variance (it was no longer statistically significant at the 5%

confidence level) and substantiall, reducsd the total variance. For English,

YA further model was tested which allowed the Grade 7 score to be random at
the class level as well. This means that different clasces have different
relationships between intake and outcome. Taken at the average GR7E, the
total variance explained was less than for Model 2a, but variance remained to
be explained at all three levels after the inclusion of these random
parameters. This model produced the following statistics: fixed coefficients:
CONS ~ .7024 (.12) GR7B .6736 (.04); random parameters: school level: CONS
.05875 (.09) GR7E .0244S (.0l1) covariance -.03657 (.028); class level: CONS
.408 (.17) GR7E .03067 (.007) covariance -.1104 (.04); pupil level: 1.349
{.03)
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compared with Model 2, the total variance was reduced by 19%, and for
Mathematics, by 268. Althouch taken separately, the fixed coefficients for
thesa schooltype variables are not significant, the chi-square statistic for
their simultaneous contrast showed that the schooltypes were significantly
different from zero, for both subjacts. For English and Mathematics, the
greatest contrast is betwaeen the high fee-paying and mission schools, on the
one hand, and the Group B and district council schools, on the other. This
was also the case in 1985 for English, though these schooltype differences

wer® not significant in the caze of Mathematics in the previous ltudy.z’

<7

¥ The 6 schooltypes which formed the baeis of the stratified sampling were
collapsed into three for further investigation: Government (the reference
point), high fee-paying and mission, and district council schools. Although
the differentiation which does exist - as can be seen from Model 3 -~ between
the Group A and Group B schools is lost by such a regrouping, the contrasts
are otherwise more striking bstween the remaining classifications. The fixed
ccefficients for this model for English are: CONS ~-.15 (.23), GR7E .634S
(.02), HIGHMISS 1.059 (.33), DC ~.7904 (.29); and the random parameters are:
schecol level CONS .3804 (.13), class level CONS .3543 (.06) and pupil level
CONS8 1.393 (.03).

The fixed coefficients for thie model for Mathematics are: CONS ~-.4986 (.24),
GR7M .384 (.01), HIGHMISS 1.871 (.34), DC ~-.201 (.30); and the random
paramsters are: school level CONS .4299 (.14), clase level CONS .3022 (.0S),
and pupil lavel CON8 1.377 (.03).
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TABLE 3.1

Fixed and Random Parametars (Standard Errors) of Initial Variance
Componsnts Models for Mathematics (Pupil Level Varisbles)

Models A 1 2 3 4 [
vmu GR™ ZicM ZIcM ZICM ZIcCM ZIcM
%ﬁs 698 2517 -.1297 -.109 2.259 -.2058
1017 (.2529) (.216) (1.293) (.2508) (:21%9)
GR™ 3882 384 ans
(.0128) (.0406) (.0128)
SEX(M) 4383 .2891
(.0449) (.0415)
GPBURB -$79
2.29)
GPERUR .Sl
@.28)
HIGHFER 1.571
Q.29)
MISSION 1.454
(1.443)
DC -.59
(1.358)
Random
School(%) 1.329 (40% 1.873 (47%) 1.146 (40%; 406 1.801 (45% 1.141 (1%
(.1699) ) (.5196) (-3183) ) (.512) (mz() ) (.3!49() )
Class (%) . ST74 (14%) .3045 (11%) 30 6202 (15%) 3148 (11%)
(.0858) (.0489) 15n (.0936) (.0502)
Pugil (%) 2.023 (60%) 1.557 39%) 1.377 (49%) 1377 1.607 (40%) 1.36 (48%)
(.om() (.0318) (.0306) (.0899) (.0357) (.030%)
TOTAL 3382 4.0074 2.8278 2.088 4.0282 23158
No. Pupils 4388 4933 4189 4189 4189 4189
No. Classes . 139 138 138 138 138
No. Schools a3 N 33 1 3 k3]
ote: may ook sum to o
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TABLE 3.2

Fixed and Random Parameters (Standard Ervors) of Initial Veriance Compononts
Models for Engliah (Pupil Lovel Variables)

Modsls A 1 N P 3 [}
Rceponu
Vanable GRTB ZICE ZJCB Z2ICE ZICB ZICE
Fixed
CONS 6.384 3.709 -.230$ -.4588 1.009 31.678
(.1066) (.2983) (.2018) (.1441) (1.08) (.2998)
GR7B 6378 6483 631
(.0161) (035D (.0634)
SEX(M) 06429+
(.0442)
GPBURB -1.61
(1.168)
GPBRUR -1.605
(1.29)
HIGHFEE K
(1.386)
MISSION -.238
(1.169)
pC -1.93
(1.114)
Rendom
School(EHCONS)  1.491(53%) 2.547(47%) 8568Q33%) AN 139+ 2.559(47%)
1867 729 (.2483) (.1466) 257 e
GRTB 03119
(-0102)
COVAR. -.06352
(.93512)
Class (%) 9816(18%) JA611(14%) 316 362 9813(18%)
(-1426) (.0568) (.0%) 171) (-1426)
(%) 1.304(47%) 1.85(34%) 1.304(53%) 1.369 1393 1. %)
Pl (.0283) (.0379) (.0311) 0.307) (.0908) (.3333‘
TOTAL 2.79§ $.3786 2.6119 2.3489" 1.894 5.3803
. Pupils 43 4900 4147 4147 4147 4899
g:. Classas °80 139 138 133 138 13¢
No. Schools a3 3 33 33 33 33
+Nnt significant
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Models 4 and S: Controlling for the Sex of the Pupils

Model 4 examines the effect of sex on Mathematics and English achievement
without incluhing Grade 7 achievement. The model tests for boys, with girls
as the reference point. The sex of the pupils was found to be a significant
variable for Mathematics, accounting for not quite an extra half-point for

boys. It was not found to be significant in the case of English achievement.

Model 5 is constructad for Mathematics, alone, given the significance of
gex as an explanatory variable. Both Grade 7 and sex are included. Whilet
the coefficient for sex is reduced, it remains significant. The inclusion of
this variable has a marginal effect in explaining the total variance and its
different componenta, comparing the results for Model 5 with Model 2 for

Mathematice.

WHICH VARIABLES TO CHOOSE?

Due to some of the practical problems experienced in using ML3, and the
time constraints of this report, it was not possible to test all the variables
using a multilevel model. Single level regressions were employed as a means
of weeding out variables with less axplanatory power than others. Although
the standard errorse are underestimated in the single level regreseions, it was
thought that some variables might reasonably be eliminated by putting the
information gained from such an exercise together with the results of a

similer study conducted in 1985 (Riddell 1988).
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Class size, the age of the pupils, the average years of teaching
experience o{ 8ll the teachers and the teacher pupil ratio were excluded from
the anllylil.on the above groundas. All of these variables were found to be
statistically insignificant, with the exception of class size for Mathematics
achievement, but with little explanatory value (below 10% Rz), and with the
exception of the age of the pupils for the regression on English achievemant.
Even this latter variable, however, had an anomalous, if understandable
coefficient. As was shown in the previous section, older pupils on average
were found in the less well-provided schools, e.g. the district council
schools. A reasonable explanation for the negative coefficient found on all
the age paramsters is that one is really accounting for a schooltype
difference, describing the aschool, rather than the relationship of age to

achievement in a more straightforward sense.Y

Due to multicellinesrity, it was not possible to fit many single
variables at each level, and index variables had to be constructed for the
three lavels under study. For example, once the percentage of trained
teachers in & school was found to be a significant variable when tested with
ML3, other variables such as the average years of teaching experience at a
school were unlikely to be fitted successfully. Judgements were made,
clearly, from the standpoint of educational significance, if not solely from
the standpoint of statistical significance, regarding the inclusion of

different variables. The variables schoolsize, the percentage of Africans in

"Indood, the coefficient of age in the multilevel model which regressed a
constant, the Grade 7 intake score and age on zJCE, was ~.135 (.06),
explaining a further 8% of the overall variance, when compared with Model 2
but eliminating the bhetween school variance.
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the student body, and whether the school was day or boarding were not

specifically tested, being relatively non-manipulable varisblaes.

Unsuccegsfyl Models
Besides t!i® models reported in Tables 3.3, 3.4 and 3.5 balow, the

following variables were tested uging ML3, with no significant results: EQUAL,
MQUAL, EXPER, MEXPER. It is interesting that school, rather than class level
variables, ostensibly reporting the same type of information, were found to be
significant. For instance, whether or not a particular class is taught by a
trained and experienced teacher was not found to be significant, whereas the
percentage of trained taachers overall in a school, was found to be a
significant variable. Except for the final three English models, the school
levael varience in both subjects is greater than the class level variance, and
it may be that as was the case with the 1985 study, the class level variance
is more intractable in the face of thase more readily cbtainable data and that
classroom obsarvations alone will provide the clue to explaining class level

differences in achievement.

A sex and Grade 7 interaction turm was tested for Mathematics
achievement. Whilst statistically significant, the explanatory power of the
model was hardly improved and so further modelling with this variable was
discontinuod.‘ A variable comprising the top three grades in the Grade 7
examination was composed for both subjects and found to be significant in the
case of English but not of Mathematics. The coefficient of this variable
‘HIGK’ for English was 1.47 (.05). This means that a stronger relationship

exists between high achievement in Grade 7 English and ZJC results than for
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the whole range of achievement, whose fixed coefficient was .64. It was not
possible to combine this variable with other variables found to be of

importance in subsaquent analyses, without the loss of statistical
significance, however. The variable ‘HIGH’ for English was tested for a
random effect at the school level, but none was found, meaning that the same
relationship batwaen high prior ability in English and subsequent Form II

achiavemsnt was prevalent across different schools.

Although as reported above, a random effect of Grade 7 for further
English achievement was found, it was not possible to build upon this model
without the loss of further explanatory power of other significant variables
as discussed below. Nor was it possible to build sub-tantlally.on the
schooltype differences uncovered in Model 3.V Given the small number of
schools in the sample (33), there were only 8o many explanatory variables
which one could pack into a model, and as the aim was toc explain as much of
the variance as possible for the purpose of ranking the secondary echooia, one
had to be discorning in the choice of variables for any potential ‘finzl’
model. Nonetheless, the individual variables of significance in lnﬁcrmediate

models provide a background tapestry.

TEXTBOOKS, TRAINED TEARCHERS AND TEACHER TURNOVER
Textbooks, trained teachers, and the continuity of employment at any
particular school were found to be three key variables in this study. All

three contributed significantly to explaining between school differences in

Y gor further investigation of contextual effects on achievement, see
Lockheed, et. al., 1991.
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academic achievement in English and Mathematice. Models 6, 7 and 8, each of

which regresses ZJC ecores in the two subjects on these variables are

presented in Tables 3.3 and 3.4 below.

Head teachers were asked to report for their Form II English and
Mathematics classas, how many students had to share a textbook. While such
data may not be as reliable as an actual textbook count, undoubtedly, the head
teachers have a good gragp of the scarceness of such resources and their
replies have legitimacy. For Mathematics, we shall be comparing Model 5 with
Model 6 because it wae felt that both sex and Grade 7 scores should be
included in the basic background model for that subject. For English, in
which the regression on sex was not significant, the comparison is between

Models 2 and 6.

The inclusion of the textbook variable for Mathematics has the effect of
reducing the total variance by 17% but the school level variance in
particular, by 59%, the school level variance comprising some 29% of the total
variance by this stage. The importance of the textbook coefficient can be
loosely interpreted as follows: if a student has a textbook to her/himself,
rather than having to share it, it could result in an increment in her/his
achievement at ZJC by as much as two and a half grade points. Even if s/he
had to share it with only one other student, the increment could be by as much

as a full grade point.
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TABLE 3.3

Fixed and Random Parameters (Standsrd Errors) of
Further Models for ZIC Mathematice

Models 6 7 8 9 10
Fixed
CONS -1.674 -1.317 -1.121 -1.437 -1.68)
(3729) (.3643) (3211 (.366) (.3804)
GR™ A7 3734 a7 .3846 3844
(.0128) (.0129) (.0128) (.0128) (.0128)
SEXM .2891 .2808 2918
(.04195) (.0415) (.041%5)
MTEXY 2.599 2.083
(.5827 (.7839)
%TRDTCH 01947 01304 .0069°
(.008$) (.0061) (.0069)
TCHTHIS 3344 .206
(.0953) (.1081)
Rendom
Schoot (%) 6771 29%) .7927 (32%) .8013 (32%) .7196 :30%) 6623 (28%)
(.1987) (.2288) (.2308) (.2091) 1942)
Class (%) I3 (13%) 3138 (13%) 3137 (13%) .3020 (13%) 3014 (13%)
(0497 (.0504) (.08) (.0486) (.0484)
Pupil (%) 1.36 (58%) 1.36 (55%) 1.36 (35%) 1.377 57%) 1.377 (59%)
(.03 (.0302) (.oaos) (.0306) (.0306)
TOTAL 2.348¢ 2.466$ 2478 2.3986 2.3407
No. Pupils 4189 4189 4189 4190 4190
No. Classes 138 138 138 138 135
No. Schools 33 3 33 33 13
) Not significant
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TABLE 3.4
Fixed and Random Parameters (Standard Errors) of

Further Models for ZJC English
Modals 6 7 8 9 10
Elixed
CONS -1.617 -1.542 -1.292 -1.813 -1.82¢
(3392) (:2841) (2519) (:2563) (:3089)
GRTB 6361 6361 67 6359 6356
(.0161) (0161) (0160) (:0160) (0161)
ETEXT 2.42 1168t
(5228 (6142)
$TRDTCH 02298 0186 0162
(.0042) (.0042) (.0054)
TCHTHIS 3894 2551
. (o (.0701)
Bandom
School(%, AT Q1% 3781 (18% 3968 (18% 2381 (12% 3331 16%
® 1516) ) (.uw( ) (.1324)( ) (.om)( ) (.nm( )
Class (%) 875 (16%) 3627 17%) 358 (17%) 36 (18%) 3611 (17%)
(.0$8) (0867 (:0859) (.0561) (0s64)
Pupil (%) 1.393 (63%) 1.393 (65%) 1.393 (65% 1.303 (70%) 1.393 (67%)
(.0311) 0311) (0311) ) (.omgm (0311)
TOTAL 2.2241 2.1338 2.1478 1.9881 2.0872
No. Pupils 4147 447 4147 4147 4147
No. Classes 138 138 138 138 138
No. Schools 3 33 33 3 33
*N
0% significant
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Similar results hold for English achievement as well, the coefficients
being close in value, and the effact of the inclusion of this explanatory
variable on the total variance also being similar, a reduction of some 15%,

the reduction at the achool level being 45%, For Erglish, the schocl level

variance of this model is 21% of the total variance.

The percentage of trained teachers in the sampled schools was obtained
from the schools’ statistical returns, combining the first two teaching bands
TCHQUAL1l and TCHQUALZ2 which comprise the trained teacher segment, in order to
get an overall percentage figure. For both subjects, the inclusion of this
variable was significant, but it had a larger impact on the English model than
the Mathoﬁnttcn one. The reduction in the total variance for Mathematics was
13%, the impact on the school lavel variance being a reduction by nearly &
third; <£for English the reduction in the total variance from the inclusion of
this variable wezs aleso 18%, but on the school level variance, a reduction of
more than half the provious variance. The coefficients of the tlxed‘
parameters for the two subjects ware similar, implying, again, to be taken
loosely, about an increase of 2 grade points if the teaching force is
complsetely trained. As can bes seen from Tables 3.3 and 3.4, the variance
components for Models 6, 7 and 8 are similar within each subject, the school
level variance for Mathematics ranging from 29-32% of the total variance
across these three models and for English, from 18-21% across these three

models.
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Model 8: Teacher Turnover in Secondaxy Schools

The variable for this analysis was also taken from the statistical return
and consists of the years ei~h teacher has baen at the particular secondary
school in which s/he was teaching in 1989. These figures were then averaged
for the whole teaching force in each school. The valuas of the ccefficients
of this variable (loosely) imply an increace of about one grade point if the
teachers at the schocl have heen teaching there for three or four years, for
Mathematics and English, respectively. The effact of this variable on the
components of variance and the total variance for each subject is about the
same as for Model 7, a reduction in the school level variance of 30% for
Mathematics and 54% for English, and reductions of 12% and 18% on the t-tal

variancoer, respectively.

THE EFFECT OF DIFFERENT COMBINATIONS OF THE SCHOOL LEVEL VARIABLES:
THE SEARCH FOR THE °‘BEST’ MODEL

Different combinations of the above three variables were tested to ses
which produced a model with the greatest explanatory power. The ‘final’ Model
11 for each subject is reported in Table 3.5. Besides comparing th‘ different
candidate ‘final’ models in this section, comparisons need to be made with
Model 1 for each subject, for Model 1 illustrates the initial total observed
varianca® and how this is broken down between the three different levels. How

much of :his observed varience is explained by the ‘final’ models can then be

analyzed.
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Models 9, 10 and 11

For Mathematics, it was not possiblo to taest combinations of school level
variables whilst keeping sex as a background variable, 95 it wae removed from
the final models tested as the explanatory power of the combinations of school
level variables was greater than with only one of these plus the pupil‘e eex.
Models 9 and 11 were possible candidates for ‘final’' model. Model 10
unsuccessfully combined MTEXT and @TRDTCH: STRDTCH lost its statistical
significance in combination with the other variable. Model 11 both explained
more of the total variance than Model 9, and the coefficients of its fixed
parameters lost less in comdination than was the case for the alternative
model. In Model 11 44% of the total variance of Model 1 has been explained,
70% of the betwsen school differences and 48% of the b. .ean class

differences, but 88% of the between pupil differences remain.

For English, also, Models 9 and 11 were the possible candidatas for
‘final’ modsl. Model 10 unsuccesefully combined ETEXT and $TRDTCH, but with
the opposite effect to that for Mathematics: ETEXT lost significance. There
wasn’t much in the choice between the two remaining models, their explanatory
power being virtually identical but perhaps the strength of the coefficients
of the fixed parameters in Model 11 being slightly greater. Model 11 tells Qs
more about BEnglish achievement than the similar model for Mathematice. Sixty-
three percent of the total variance observed in Model 1 has been explained,
91s of the between school differences and 64% of the between class

differences, but 75% of between pupil differences are left unexplained.
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THE ‘FINAL’ MODELS FOR 2JC MATHEMATICS AND ENGLISH ACHIEVEMENT:
COMPARISON WITH THE RESULTS OF THE 1985 STUDY

Models 11 for both subjects are the ‘final’ models, not in any definitive
sense, such as that no other variable combinacions are possible or, indeed,
that all poasible sxplanatory variables have been tested. Rather, they are
adequate final models given the purpose of this study, to identify some of the
most effective and the least effactive secondary schools in Zimbabwe, and also
that the models include significant explanatory variables and indeed go a long

way towards explaining school differences.

Comparison with the final models used in the 1985 study shows that a
similar percentage of the total variation in secondary school achievement has
been explained by the final equation for Mathematics achievement, but in fact
considerably more for English achievement. Whersas 48% of the overall
variation in Mathematics achievement (at ‘0’ level) was explained by the final
model in the 1985 study, 44% of the overall wvariation in Mathematics
achievement (at 2JC) was explained by the fina. model in the current study.
Despite the time constraints and the limited variables able to be considered
for poseible inclueicn in the current study, 63% of the total variation in
English achievement at 2JC was explained, whereas the much mo~e comprehensive
data collection carried out in 1985 culminated in a model for English ‘0’

level achievement which only explained 38% of the total variation.
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TABLE 3.5

Fixed and Random Parameters (Standard Errors) of
Pinal Models for 2JC English and Mathematics

Model

Reaponse Variables

Eixed

CONS

GR7M/E

M/ETEXT

TCHTHIS

Random

School (%)

Class (%)

Pupil (%)

TOTAL

No. Pupils

No. Classes
No. Schools

11

Mathematics

«1.909

(.3709)

.3841
(.0128)

2.113
(.5728)

.2134
(.087)
.5696 (25%)
(.171)

.3001 (14%)
(.0482)

1.377 (61%)
(.0306)

2.2467
4190

138
33

i1

English

-2 .052

(.2844)

.6358
(.0160)

1.73
(.4264)

.3067
(.0636)
.2364 (12%)
(.0909)

.351 (1i8%)
{.0551)

1.393 (70%)
(.0311)

1.9804
4147

138
33

*Not significant
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Another notable difference between the two studies is that significant
school level vnrtlgion in Mathematics achievement was not uncovered in the
1985 study once Grade 7 intake ability was controlled for. Yet, in the
current study, nearly a third of the between school variance is left
unexplained even with the inclueion of Grade 7 and the two school level
variables, textbooks and percentage of trained teachers. The 1985 result was
questionable because of the even smaller number of schoole in the final eample
~ 29 - go it ias likely that we have uncovered school level differentiation in

Mathamatics achievement which requires further explanation.

It is also interesting to note that even with the detailed gtudent
questionnaires adminiatered in the 1985 etudy which produced a variety of
student background factore able to be controlled for in the final model, 75%
of the between student differences remainad unexplained in the current study
of English achievement, which controlled only for Grade 7 intake, whilst 87%
of the between student differences in English achievement remained unexplained
in the 1985 study. (The pupil background index variable for English
achievement included coefficients for the following variables: sex, ethnic
group, father’s occupation, father’s education, and the presence of
electricity at home.) (88% of between student differences in Mathematics

achievement remained unexplained in the current study, as opposed to 78% in

the 1985 study.)

The appropriateness of the model for English achievement must surely be
reflected in the relatively small percentage of class level variance

remaining, 368, coneidering the fact that no classe level variables were
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included in the current study, but few were even tested, dua to the time
constraints on data collection. It is unlikely, however, that it would have
besn possible to include both class and school level variables in the same
model, even without the difficulties encountered in ML3. Thig wae
overwhelmingly the case in the 1985 study, not surprisingly, due to the high
correlations betwsen factors at the two different levels. For Mathematics, as
has been noted above, the final model explained less of the total variation in
achievement than was the case for the English mocdel, and a higher percentage

of claes level differsnces also remain to be explained, 52%.

Finally, as noted in the 1985 study, there seems to be an intractable
class level variance, in both subjects, at least in the face of the
explanatory variables considered in either study. Comparison of the class
level variances, looking across the models 6-11, uncovers very similar
statistics, .30 to .31 for Mathematics and .35 to .36 for English. The
conclusion of the 1985 atudy was that this class level variance would remain
unexplained unless variables relating to what actually goes on inside the

classroom are included in the models.

39



IV. THR MOST AND THE LEAST EFFECTIVE SCHOOLS AND CLASSES IN 2JC
MATHEMATICS AND ENGLISH
Having chosen what we feel are the best models describing between school
differences in 2ZJC Mathematics and English achievement, it is now possible to
ude the random parameters or residuals estimated for each school to detect

outliers and to rank the schools in their ‘adjusted’ performance.

The ecatterplots of the standardized school level residuals against the
predicted values of the Z2JC grades averaged by school enable one to identify
any outlisrs, or exceptional schools, in the final models. Graph 1 is such a
scatterplot for Mathematics, and outside the clustaering in the middle range of
values for the standardized school lavel residuals, one can see four schools
above, say the 3.0 mark, and four schools bslow, say, the -1.5 mark. Table
4.1 identifies these eight schools and lists their standardized school level
residuals as well as their actual and predicted grades on the 1989 ZJC
Mathematics. Similarly, for English, Graph 2 depicts the four positive
outliers above, say, the 1.5 mark and the three negative outliers from about
ths -1.5 mark and balow. Once more these schools are identified in Table

4. 10
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GRAPH 1

2JC RESULTS IN MATHEMATICS (X)

STANDARDIZED SCHOOL LEVEL RESIDUALS (Y)
PLOTTED AGAINST PREDICTED AVERAGE SCHOOL
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STANDARDIZED SCHOOL LEVEL RESIDUALS (Y)
PLOTTED AGAINST PREDICTED AVERAGE SCHOOL

GRAPH 2

ZJC RESULTS IN ENGLISH (X)
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TABLE 4.1

Positive and Negative Outliers: Standardized School Level Residusls,

Actual and Predictad Average Schocl Grades by Subject

Positive
Outliers

Negative
Outliers

Positive
Outliers

Negative
Outliers

MATH

Stand. Actual Predictad

School ID —Res. LICH ZJICM
2 3.7 3.7 2.6
15 4.1 6.4 4.8
19 3.8 $.5 4.2
21 6.3 6.8 4.4
1 -107 2.7 3.2
13 -1.7 2.5 2.9
16 -300_ 2-9 ‘01
22 -2-4 109 2.6

ENGLISH

Stand. Actual Predicted

school ID _Res, ZICE ZICR
b § 2.6 6.4 $.3
2 3.3 5.6 4.5
15 3.0 8.8 7.2
24 1.8 6.2 5.5
16 -2.1 502 602
22 -1.4 3.6 401
23 -l.ﬁ 509 6'6
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What do we know about these schools that can give us any indication of
why they have performed exceptionally well or exceptionally poorly? We shall
take the positive outliers for Mathematices and English first. The positive
outliers are drawn from three different schooltypes: there are two formaer
Group A schools, one high fee-paying school and three mission schools.
Schools number 2 and number 15 were identified as positive outliers for both
subjecte. Five out of the six schools are boarding schools, and four out of
the six are single sex schools, with two of sach type. There is a high
percaentage of trained teachers in all the six schools, between 86 and 92% of
the teachers baing trained. The teacher pupil ratios at the schools range
from 12 to 33 pupils per tescher. The teachers at all the schools have on
average at least two years of teaching experience and have been at the schools
in question at least two years. Four of the eix s~hools have sufficient
textbooks for each child to have her/his own, the remaining two schools have
their students sharing between two students. Five of the six schools are at
least 90% African, one having only 23% Africans in the student body. School
sizes vary from 528 to 929 pupils. Finally, class sizes vary from between 29

pupils to a class up to 40 per class.

Aside from wanting to investigate further the fact that the positive
outliers are primarily boarding and single sax schools, there is nothing
overwvhelmingly indicative of factore likely to set these schools apart from
the rest in the sample, particularly as one of the other two significant
features has already been controlled for in the final model, namely, the ratio

of textbooks to studente.
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The negative ocutliers comprise one former Group A school, in fact,
curiously encugh, the same one which features as a positive outlier for
English, school number ona, one former Group B (rural) school, one high fee-
paying school and two miseion schools. School aumber 22, one of the mission
schools, is a negative cutlier for both subjects, and schoc’ number 16, a high
fes-paying school similarly features for both subjects. What characterizes
these negative ocutliers? Two out of the five are boarding schools; five out
of the six are coeducational; the percentage of trained teachers in some of
them is lower than for the positive outliers, the range being from 67 to 100%
trained. The teacher pupil ratios at the schools range from 17 tc 30 pupils
per teacher. The teachers at all the schools have on average at least four
years of teaching experience and have been at the particular gchools in
quastion for at least three years. There are fewer textbooks at these schools
than for the positive outliers, four out of five of the schools have two
students sharing the same textbook between them. The school sizes vary from
hetween 448 pupils and 1419. All are between 90 and 100% African, with the
exception of the high fee-paying school which is 32¢ African. Finally, class

sizes vary from between 18 and 40 pupilas per class.

Interestingly, the set of negative outlying schools have more teaching
experience on average than the positive outliers and their teachers have
stayed longer at the particular schools. Otherwise, notable is the lower
percentage of trained teachers and the number of textbooks, the latter, of

course, having already been controlled for in the final model.
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Thore is not an obvious set of ¢/ 'ucteristics that differentiates either
the positive or the negative cutliers f.om the remaining school population.
Given that these ocutliers emerge from the analysis with several major controls
already being exercised, namely, the previous ability of the Form II students,
the numbere of textbooks available and the number of years on average that the
teaching force has been at the particular school, answers will have to be
sought elsevhere as to their performance. It is our hunch that some of these

answers can be found in the schools and classrooms themselves.

Finally, two further tables are produced here. Table 4.2 presents the
ranking by school level residuals. This ranking represents how much better or
worse a particular school has performed after the inclusion of the influences
of all the variables enteraed into the final modeis. This ranking by school
level residuale can be compared with the ranking by actual and predicted
scores, presented in Table 4.3. The ranking by the predicted scores is
entirely dependent on the fitted variables and therefore does not reprasent a
ranking based on the full variance but only the proportion which ias explained
by the model. Although this gort of ranking is an improvement on the ranking
of raw, unadjusted mean scores, the ranking based on the residual variances is
of greater interest, for it is the ranking after adjusting for the explanatory

variables, i.e. ghout the predicted valuee, and it reflects the total

variance.

If one looks only at the top ten schools according to the actual and the
school residuals ranking, in Mathematics the top three schools according to

the residuals ranking are in fact the top three schools in terms of their
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actual mean scores, schools 21, 15 and 19. However, going further down the
list, other schools which are earmarked as being particularly effective on the
school residuals ranking don’‘t even appear on the ranking by actual mean
acores, e.g. schoole 2, 25, 38, 10, 28 and 40. A similar case pravails for
English achievement. Of the top four echools on the residuals rua.Xxing, three
appear at the top of the ranking by actual ZJC Englieh scorese. However,
schools 25, 10, 27, and 45 don’‘t even appear on the ranking by actual scores,
yet it can be assumed that they are more effactive than some of the other
schools lower down on the residuale ranking which happen to appear high up on
the ranking by actual scores. For instance, school 23 is seventh on the
ranking by actual 2JC English scores, yet is next to the bhottom on the school
residuals ranking. This illustrates how misleading it is to rank schools by
achievement that is not adjusted for differences in intake. Some of the most

‘effective’ schools will never be uncoveraed.
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Table 4.2
Ranking of Schcols by School Level Residusls: English and Mathematics*

ENGLISH MATH
School School
Qank School IR _Tvepe Resjidual School IP _ZIype._ Regidugl
1 18 HF .87 21 M 1.93
2 2 A .81 15 HF 1.28
3 1 A .69 19 M 1.16
4 24 M .48 2 A .91
5 21 M .27 25 e .59
6 19 M .21 24 M .52
7 25 DC .17 as DC .45
8 10 B(r) .16 10 B(r) .33
9 27 pC .16 28 DC .26
10 4s 7o} .11 40 pC .26
11 46 DC .02 27 peC .19
12 39 pe .01 39 pe .14
13 36 DC .00 41 pe .01
14 a3 pC -.06 36 DC .00
15 40 pe .07 45 DC -.02
16 48 DC -.07 48 pDeC -.08
17 28 De -.10 20 M -.06
18 38 DC «.15 30 pC -.19
19 41 e -.15 23 M -.19
20 42 DeC -,16 33 e -.26
21 13 B(r) -.19 42 pe ~-.26
22 14 B(r) -.20 13 B(r) -.37
23 20 M -.22 14 B(z) -.38
24 32 ne -.28 46 DC T =38
25 30 DC -.38 32 e -.43
26 22 M -.37 1 A -.46
27 23 M -.45 22 M -.66
28 16 i -.63 16 HPF -.98

* The four Group B (urban) schools and one Group A (urban) school are not
included in thess rankings due to the limitations of ML3. Schools having >»25%
students wers excluded from the residuals calculations and there was
insufficient time to compose a sub-sample from these schools in order to have
them included.
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Table 4.3
Ranking of Schools by Actual and Predicted 2JC Grades:
English and Mathematics (Rankings)

School

243)

25)
27)
28)
30)
32)
33)
36)
38)
39)
40)
41)
42)
45)
46)
48)

School
Iype

GpA

GpB(u)

GpB(r)

Migeion

D.C.

—ENGLISH
Predicted Actual
-1} {: 2. Score
5.34 (8) 6.41 (3)
4.51 (10) 5.60 (8)
5.65 (6) 5.99 (6)
3.09 (17) 2.96 (17)
2,62 (24) 3.30 (13)
3.22 (14 3,05 (16)
4.05 (12) 2.89 (19)
2.93 (20) 3.16 (18)
3.97 (13) 3.76 (11)
3.00 (18) 2.72 (22)
7.17 (1) 8.53 (1)
6.17 (4) 5.20 (9)
5.73 (5) 6.05 (5)
5.16 (9) 4.67 {10)
6.23 (3) 6.65 (2)
4.11 (11) 3.58 (12)
6.65 (2) 5.95 (7)
5.49 (7) 6.16 (4)
2.08 (32) 2.39%9 (27)
2.18 (31) 2.51 (24)
2.97 (19) 2.79 (20)
2.66 (23) 1.73 (32)
2.56 (25) 2.05 (31)
3.09 (16) 2.92 (18)
3.12 (15) 3.22 (149)
1.7 (33) 1.36 (33)
2.31 (29) 2.31 (28)
2.91 (21) 2.73 (21)
2.49 (27) 2.21 (30)
2.52 (26) 2.23 (29)
2.25 (30) 2.44 (26)
2.44 (28) 2.45 (25)
2.68 (22) 2.57 (23)

MATH __
Predictad Actual
~Se0re score
3.17 (10) 2.69 (9)
2.59 (13) 3.68 (7)
3.89 (8) 2.35 (11)
2.17 (14) 1.79 (20)
1.86 (23) 1.78 (22)
2.00 (16) 1.97 (18)
3.23 (9) 1.85 (18)
1.51 (28) 1.90 (16)
2.89 (11) 2.51 (10)
1.97 (17) 1.53 (29)
4.78 (1) 6.36 (2)
4.08 (S) 2.92 (8)
4.16 (4) 5.54 (3)
4.06 (§) 4.03 (6)
4.45 (3) 6.75 (1)
2.62 (12) 1.87 (17)
4.48 (2) 4.24 (5)
4.04 (7) 4.64 (4)
1.49 (29) 2,25 (13)
1.33 (32) 1.56 (28)
1.94 (20) 2.29 (12)
2.09 (19) 1.78 (21)
1.92 (21) 1.36 (33)
1.94 (19) 1.61 (26)
1,95 (18) 1.98 (14)
0.73 (33) 1.45 (30)
1.85 (27) 1.73 (23)
1.41 (31) 1.82 (19)
1.67 (26) 1.68 (2%5)
1.92 (22) 1.87 (27)
1.43 (30) 1.39 (31)
1.84 (24) 1.37 (32)
1,75 (25) 1.69 (24)
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V. SUMMALRY AND CONCLUSION

Thia school survey and multi~level analysis were undertaken as
part of a larger joint Ministry of Education and Culture-World Bank study of
the education sector in Zimbabwe. The study had two purposes. First, it was
designed to contribute to a policy dialogue on how to improve student
achievement in secondary schools by identifying factors that explain variation
in Form II exam scores. Second, it was designed to identify a sample of
schools that were outliers in terms of student achievement on national exams,
i.e. they performed better or worse than what would be expected given
students’ prior academic achievement and certain basic school resource inputs
such as textbooks and teachers.? This guided the selection ¢f a sample of
schools for site visits to gather additional information on high and low
performing schools (such as school management and expendituraes) that may
explain the differances in achievement.

The development and implementation of the survey instruments and
the analysis of the data were completed within a very short period of time
(only three months) which provided information rapidly for the sector study.
However, the time constraint limited the range of data collected;
multicollinearity among the measured variables further raduced the number of
variables included in the statistical models to asgsess their influence on
student achisvement. These limitations notwithstanding, the study produced

geveral noteworthy findings and identified arease for further research.

The results of the sample survey showed, first, that students in
high-fee paying (trust) schools, former group A (elite government) schools,
and mission scheols have highar levels of English and Maths achievement than
students in government groups B (less well-endowad government) echools and
those in district council schools. Second, a substantial share of the

variation in student achievement among students was attributable to the school

yﬁ.lchool is considered an outlier if the standardized residual is two or
more standard deviations from the mean ef 0.

S0



the student attended and that failure to control for the selection of students
into schools on the basis of prior academic achievement results in an
overestimate of the variation in achievement attributable to the school.
Third, the results of the multivariate analysis showed that student
achievement is higher when achools have a greater availability of textbooks, a
larger proport.on of trained teachers and teachers who have taught at that
school for a longer period of time. The availability of textbooks and the
length of teacher tenure at a particular school together accounted for 50
percent and 72 percent of the variation attributable to the school in Math and
English, respectively, after accounting for the variation due to the academic
intake of the students. This suggests that raising the proportion of trained
teachers and, more importantly, improving the provision of textbooks and
providing incaentives for teachers to> remain in the same schoole for a
reasonable period of time are promising investment options to boost student

achievement.

The analysis of school rankings shows that rankings based on raw
results of achievement tests aggregated at cvhe school level are misleading.
Some of the most effective schools willi never be detected if the prior
academic achievement of students is not taken into account. After controlling
gtatistically for prior academic achievement and for basic resource inputs
{textbooks and teacher tenure), some district council schools are more
effective than what would be expected given their base level of resources and
some high fee and mission schools are less effective than what would be
predicted given their resource base. Additionally, the interegting finding
that there were more experienced teachers in the set of less effective schools
as compared with the more effective schools suggests that newly trained
recruits have much to offer and that longer experience may erode teacher
effectiveness. This is a common finding in developed countries. Typically the
learning curve among teachers is steeper and levels of effort are higher
during the beginning years of teaching. Research into these and other
characteristics of the newly trained teachers in Zimbabwe should be conducted
in order to assist policy makers in the development of strategies directed at

maintaining high levels of teacher effectiveness.
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The outlier analysis pointed to the need for further rc¢search to
identify which aspects of boarding and single-sex education explain the high
levels of high academic achievement found in these schools. Although boarding
schools are & high-cost alternative to day schools and cannot be a standard,
it seems important to investigate if boarding schools have certain
characteristics, other than boarding, that can be replicated in non-boarding
schools. For example, it may be that studentes are assigned more homework
because they have fewer demands on their time outside school. Boarding schools
also allocate certain periods of the day for study sessions which students are
required to attend and during which they receive assistance from a resident
teacher. Perhaps these study sessions contribute to higher levels of

achievement.

Equally, investigating which factors explain the comparative
advantage of boys over girls in Mathematics and the advantage associated with
gsingle~sex schools could also identify strategies that improve school
effectiveness. In particular, cbservational studies would be helpful in
determining if tegehinq practices contribute to the digadvantage of girls in

Maths and of students at coeducational schcols, more generally.
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Stud V.
SCHOOLID
CLASSID
PUPILID
Z2JCE

ZJCM

GR7E

GR7M

SEX
AGE
Clags Lovel
ETCH
MTCH
EQUAL
qualifications
MQUAL
EXPER
MEXPER
CLSIZE

ch v
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APPENDIX 1
List of Variables

Name of School

Class (Stream)
Pupil’s 1D

2JC English grade

ZJC Math grade

Grade 7 English grade
Grade 7 Math grade
Sex of pupil

Age of pupiil

Form Il English teacher
Form II Math teacher
Form II English teacher’'s

Form II Math teacher’'s qualifications
Form II English teacher’s yrs. exper.
Form II Math teacher‘s yrs. experience

Class size

% Band 1 trained teachers

$ Band 2 trained teachers

% Band 3 underqualified teachers

% Band 4 untrained teachers
Teachers' average yrs. teach. exper.
Teachers'’' average yrs. this school
Ratio of English books to students
Ratio of Math books to students

Day or boarding school

School size

School size divided by teachers in post

% Total enrolment African
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APPENDIX 2
School Coding

Scheol ID School Type
1-4 Former Group A
5-8 Former Group B Urban
9-14 Former Group B Rural
15-18 High Fee-paying
19-24 Mission
25~48 District Council
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