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Abstract

A School Resources Index (SRI) was constructed using the Rasch scaling technique.
Data were from the pooled school resource items that were collected from pupils,
teachers, and school heads derived from two sub-regional studies undertaken by
Southern and Eastern Consortium for Monitoring Educational Quality (SACMEQ)
in 1995 and 2000. Capitalizing on the possibility to link more items, the new scale
provided a stronger positive correlation between the school resources and the pupils
achievement compared to using the initial variable containing the summation of
school resource possessions. This SACMEQ SRI provided a reliable and valid
instrument to compare the resource level among different school systemswith varied
levels of economic development. It also provided a meaningful tool to examine the
changesin the school resources between two different time points. From the SACMEQ
SR, the hierarchical resource “profiles’” were also established. The profiles could be
used as a guideline of standard to identify more critical and relevant resource items
at each progress level, for better budgetary planning, resource allocation, priority
setting, and benchmarking.

I ntroduction

Palicy concerns and research questions

The economic difficultiesand financial constraint during the 1980s and 1990s pressured
many policy makersto look into educational productivity encompassing more efficient use
of educational resources. Specifically they are concerned about: (i) whether the school
investment improves the educational quality; (ii) which resources are effective to education;
and (iii) the minimum requirement on school resources.

These policy concerns were also the key issues of the educational policy research
project undertaken by a consortium known as Southern and Eastern Africa Consortium for
Monitoring Educational Quality (SACMEQ). SACMEQ has produced a data archive in
2004 (Ross et al. 2004) which contained data from two large scale sub-regional studies
covering over 60,000 Grade 6 pupils and some 7,000 teachers in over 3,000 schools in
Botswana, Kenya, Lesotho, Malawi, Mauritius, Mozambique, Namibia, Seychelles, South
Africa, Swaziland, Tanzania Mainland, Uganda, Zambia, Zanzibar, and Zimbabwe.

In order to address these policy planning issues, it has been decided to measure the
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pooled school resource items in a meaningful way. In this exploratory study, the major
attempt has been made to establish an index of school resources that is valid across fifteen
SACMEQ countries over time. In particular, the following six research questions are being
addressed:
Which school resource items constitute the SACMEQ SRI?
What are the distinctive profiles of the schools at different resource levels on the
scale?
What is the breakdown of schools across the resource levels for each SACMEQ
country?
What is the mean school resources score for each SACMEQ country?
What are the changesin the school resources between SACMEQ | and SACMEQ
Il; and
What are the among-region and within-region variations of the school resources
scores in each SACMEQ country?
To test the utility of the final scale, afurther research question has been added:
What isthe rel ationship between school resources and pupils achievement outcomes
on reading and mathematics in SACMEQ countries?

Rational for constructing a School Resources I ndex

When measuring the resource level of a school, one particular resource item may not
provide areliable indicator, just as one single mathematics question is not sufficient to
define amathematical competence. In atypical School Survey Questionnaire, questions on
school resources maybe inter-related. For example, aschool library is associated with some
books to borrow and bookshelves to hold books. Furthermore, some items are more difficult
to fulfil than others. For instance, electricity isacondition for having electrical appliances.

A scale should be appropriate for the developmental level of a country. If alist of
school resource items in a School Survey Questionnaire for an industrialized country was
used in a developing country, it may be criticized for the contextual irrelevance and the
magnitude. For example, arelevant question used in a developing country asking whether
they have water at school may not well discriminate schoolsin an industrialized country.
Likewise, while a question about computers in a developing country may not be relevant, a
question which really discriminates schools in an industrialized country would be asking
the magnitude of the item. It is therefore critical to combine these questionsin order to
measure countries with various devel opment levels on a single continuum.

Scope and limitations

In this study, the Rasch measurement approach has been used to construct the SRI.
Various research studies explore the uses of different Item Response Theory (IRT) models
with two or three parameters on item characteristics (Write & Stone 1979). However, it is
not the intention of the study to compare the Rasch model against other IRT models.

The focus of this study isthe availability of materials and physical resources. Other
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school variables were not included in this study. However, two areas of information require
further clarification. First, the pupil- and the school-level questions about whether pupils
can borrow library books were considered as availability of “borrowable’ books. Secondly,
questions on the distance from the school to facilities were regarded as * aternative access to
goods’ in the vicinity, because of the importance of this potentiality in developing countries
(Griffin 20044).

In the present study, the demonstrated relationship between school resources and pupil
achievement does not adjust for the pupil input level. It isargued that the rel ationship between
pupil achievement and the school resources using the newly established scale is stronger
than using the existing derived composite variable asaresult of the possibility of incorporating
many more items. The aspect of measuring the impact of school resources on pupil
achievement when controlling for the pupil home background shall be dealt with in other
studies.

Literature Review

Rasch measurement model

With the classical testing method, as opposed to the IRT, it would be difficult for a
given score to sufficiently have any substantial meaning as regards to the fulfilment ability
of the respondents. Thisis attributed to the fact that the scores are dependent on the sample
of respondents and the sample of itemsin an instrument. For example, an average respondent
is expected to score high on an “easy” instrument and low on a“difficult” instrument (Woo
2005a).

The Rasch model is a probabilistic measurement model (Rasch 1980; Write & Stone
1979) that is the simplest and the most commonly used within the existing models of IRT.
The Rasch modédl incorporates one parameter, namely item location, for modelling the item
and respondents’ behaviours. Using this model, the school resource item difficulty and the
school’s fulfilment ability for a school resource item can be placed on one single scale.

Given the school’s resource location (3v) and the resource difficulty (i), the probability
of aschool (v) to fulfil aresourceitem (i) can be expressed as:

e&/_él
o1+l

A given score in the Rasch measurement can provide a probabilistic description of the
resources that aschool has. Given atotal scoreof r, it ismost likely that ther resourceitems
aschool has are the ones which are easiest on the scale.

In addition, in the Rasch approach, an assumption has been made in which the single
scale that maps the schools and the resource items is sample-free, but not population-free
(Griffin 2004b). That is, within a set of resources and a set of schools for which the model
holds, subsets of resource items give the same relative school locations, but with different
precision depending on the number of items. In this sense, the measure of school resources
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isindependent of the instrument used to measure the characteristics of the school. Thus on
condition that the responses fit the model, it is possible to link inter-related subsets of items
from different data collections to make a meaningful scale. Finally, some ordered response
category items of the Likert form can be also identified with a meaningful hierarchy within
the same scale (Andrich, de Jong & Sheridan 1997).

Based on the IEA Reading Literacy dataon 9-year and 14-year old students, Siniscalco
& Ross (1997) carried out an experiment to establish an international reading resources
scale using IRT. They reported that it was possible to construct a meaningful resource scale
in order to map 30 countries.

School resources

Research on the rel ationship between school inputs and pupils achievement has been
controversial. At foremost, the Coleman study (Coleman et al. 1966) shocked the educational
policy makersasit reported that the pupil’s socio-economic background was moreinfluential
than the school inputs on the students’ performance. Subsequently, Peaker (1971) concluded
that student background and early learning do matter on the progress of achievement, not
the school effect.

During the 1980s and 1990s, these findings were greatly challenged in avarious studies
in the context of non-industrialized countries. (Heyneman 1980; Heyneman & Loxley 1983;
Fuller 1985; Fuller 1987; Hanushek 1995; Hanushek 1997). The conditions that were
established prior to schooling in devel oping countries were not as influential determinants
of achievement as in high-income countries. The researchers criticized that the variables
that were often used in industrialized countries to measure student background were not
appropriate in developing countries. Consequently, there was not much variation in these
variables.

There exist anumber of other studies conducted (Murimbaet al. 1997; Varghese 1995;
Fuller & Clarke 1994; Harbison & Hanushek 1992; World Bank 2004; Postlethwaite &
Ross 1992). In general, these studies reported that facilities, textbooks, and writing materials
had reasonable effect on the student performance in developing countries. In the Third
International Mathematics and Science and Study (TIMSS), Martin et a. (1999) reported
that the shortage of instructional materialswould affect at adifferent magnitudein developing
countries as opposed to in industrialized countries.

M ethodology

Population and sample

The target population for SACMEQ studies was defined as “al pupils at the Grade 6
level during the data collection year at the eighth month of the school year who were attending
registered government or non-government schools in the country”. In some countries, small
percentages of population were excluded due to schools affected by wars and natural hazards
and schools using non-mainstream curriculum.
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The sample was selected in two stages. At the first stage, a sample of schools was
drawn with a probability proportional to the enrolment on Grade 6. Theintra-class correlation
(Rho) values obtained in the SACMEQ | study were used where possible. Otherwise, a Rho
of 0.4 was used for SACMERQ I1. The accuracy required for al school systems was set at the
equivalent of asimple random sample of 400 pupils, which would yield a sampling error of
5 percent for a percentage and 0.10 of a standard deviation, with a confidence limit of 95
percent. At the second stage of sampling, a simple random sample of 20 pupils from all
Grade 6 pupils was drawn within each selected school.

Sampling weights were applied in order to adjust for (i) discrepancies between the
population at the time of sampling and the data collection; (ii) disproportion among strata,
and (iii) differences between the planned and achieved samples within strata. The design
effect obtained viathe IIEPJACK (Ross & L eite 2000) demonstrated that the sample designs
in SACMEQ | and Il had satisfied the prior requirements of sampling accuracy, except for
South Africaand Uganda, dueto the under-estimation of the Rho value at the time of sampling.

A more detailed account of the sampling procedures used in the SACMEQ studies has
been presented in the SACMEQ data archive (Ross et al. 2004).

Data preparation
(a) Item linkage
Asshown in Table 1, the items concerning school resourcesincluded 64 SACMEQ |
items (10 items from the Pupil Questionnaire, 15 items from the Teacher Questionnaire, and
39 items from the School Head Questionnaire) and 64 SACMEQ Il items (13 items from
Pupil Questionnaire, 15 items from the Teacher Questionnaire, and 36 items from the School
Head Questionnaire). Out of the 77 total items, 51 items were common to both studies,
which were used as “anchor items’ linking the two studies.
(b) Data matrix
The Rasch Unidimensional Measurment Models (RUMM) software (RUMM
Laboratory 2003) was used in order to calibrate the school resource items. The valid cases
were aggregated at the school level. Overall, 2890 schools were used for the calibration
process. The country, the school location, and the time were used as “factors’.
(c) Recoding of variables
Questions regarding the availability of items and questions on the quantity of items
were recoded to have dichotomousvaues, i.e., “not available (0)” or “available (1)". Questions
on the distance to facilities have been recoded as “over 5 kilometres (0)” versus “up to 5
kilometres (1)”. The items with ordered response categories were recoded to have three
categories. Specifically, the textbook questions were recoded as “ no textbook (0)”, “share
textbook (1)”, and “ have own textbook (2)”. The question on building condition was recoded
as “require rebuilding (0)”, “require some repairs (1), and “in good condition (2)”.
(d) Item calibration
With RUMM'’s “conditional maximum likelihood” procedure, the school parameters
were eliminated while estimating the resource parameters. Based on the resource parameter
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Table 1. List of Variables Considered for the First Exploration of SACMEQ SRl

Questions SACMEQ I SACMEQ II
How many of the following items do you have - Exercise books PQ22.1 PQ21.1
this term? - Notebooks PQ22.2 PQ21.2
- Pencils PQ22.3 PQ21.3
- Rulers PQ22.4 PQ21.6
- Pencil erasers PQ22.5 PQ21.5
- Ball point pens PQ22.6 PQ21.7
- Pencil sharpeners PQ21.4
- File folders PQ21.8
How are the textbooks used in your - Reading textbooks PQ20 PQ35
classroom? - Mathematics textbooks PQ38
Are you allowed to take library books home PQ21 PQ20
from school?
What do you sit on in your classroom? PQ24 PQ22
What writing place do you have in your PQ25 PQ23
classroom?
How many books do you have in your TQ8 TQ10
classroom library or book corner?
Which of the following are available in your - A usable writing board TQ10.01 TQ12.1
classroom or teaching area? _Chalk TQ10.02 TQI12.2
- Wall chart TQ10.03 TQI12.3
- A map of your country TQ10.04
- A map of Africa TQ10.05
- A world map TQ10.06
- Cupboard TQ10.07 TQ12.4
- Bookshelves TQ10.08 TQI2.5
- Classroom library, book corner or book box  TQ10.09 TQ12.6
- A water tap TQ10.10
- A teacher table TQ10.11 TQ12.7
- A teacher chair TQ10.12 TQ12.8
- An atlas TQ10.13
- An English dictionary TQ10.14
Which of the following do you have access to - A map TQI13.1
in your school? - An English dictionary TQ13.2
- Geometrical instruments TQI13.3
- Teacher’s guide (English) TQ13.4
- Teacher’s guide (Mathematics) TQI13.5
What exactly have you used the educqtion TQ24
resource centre for during the academic year?
How many kilometers is it by road from your - Health centre / clinic SQl11.1 SQ13.1
school to: - Tarmac road SQI11.2 SQ13.2
- Public library SQI1.3 SQ13.3
- Book shop SQI1.4 SQ13.4
- Secondary school SQ11.5 SQI13.5
- Shopping centre or market SQI13.6
How many teaching areas does your school - Permanent classrooms SQ27.1 SQ34.1
have? - Temporary classrooms SQ27.2 SQ34.2
- Open-air teaching areas SQ27.3 SQ34.3
What is the total inside area of all permanent - Permanent SQ28.1 SQ35.1
and temporary classrooms in your school? - Temporary SQ28.2 SQ35.2
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Questions SACMEQ 1 SACMEQ II
What is the general condition of your school
buildings? ¢ ’ SQ29 SQ36
}I;I;V\Z ?many toilets or latrines does your school SQ30 SQ37
Which of the following does your school - School library SQ31.01 S5Q38.01
have? - School hall SQ31.02 SQ38.02
- Staff room SQ31.03 SQ38.03
- School Head’s office SQ31.04 SQ38.04
- Secretary’s office SQ31.05
- Store room SQ31.06 SQ38.05
- First aid kit SQ31.07 SQ38.06
- Sports ground SQ31.08 SQ38.07
- Playground SQ31.09
- Piped water SQ31.10
- Well or borehole SQ31.11
- Electricity SQ31.12 SQ38.09
- Telephone SQ31.13 SQ38.10
- Fax machine SQ31.14 SQ38.11
- Garden SQ31.15 SQ38.12
- Typewriter SQ31.16 SQ38.13
- Duplicator SQ31.17 SQ38.14
- Radio SQ31.18 SQ38.15
- Tape recorder SQ31.19 SQ38.16
- Overhead projector SQ31.20 SQ38.17
- TV set SQ31.21 SQ38.18
- Film projector SQ31.22
- Video cassette recorder (VCR) SQ31.23 SQ38.19
- Photocopier SQ31.24 SQ38.20
- Computer SQ31.25 SQ38.21
- Cafeteria SQ31.26 SQ38.23
- Fence or hedge around school borders SQ38.22
- Piped water / water tank / borehole / spring SQ38.08
l-_low many books are there in your school SQ32
library?
How many books were added to your school SQ33
library last year?
Can pupil borrow books from the school SQ34 SQ39

library to take them to their home?

How many times have one or more members
of the staff of the education resource centre SQ26
visit your school during this school year?

Note: PQ= Pupil Questionnaire; TQ = Teacher Questionnaire; SQ = School Head Questionnaire
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estimates, the school parameters were estimated using a “direct maximum likelihood”
procedure (Andrich & Luo 2003). One of the fit statistics generated was a standardized
residual with atheoretical mean of 0 and standard deviation which approaches 1. It was
provided for both schools and resources.

Several calibration runs were executed in order to cometo the final two versions of the
school resource scale: one with 72 items and another with 68 items. Table 2 shows the
summary. A more detailed account of the item calibration procedures has been presented in
Saito (2005).

(e) Scoring al schools using the item parameters

All the schools that have participated in SACMEQ | and/or SACMEQ Il were scored
using the calibrated item parameters. This was undertaken by RUMM'’s * person measure”
procedure. The school estimates were scored using both the 72 item-scale and the 68-item
scale. The scores were then merged back to the original combined pupil-level datafile for
further analyses. The correlation coefficient between the 72-item scale and 68-item scale
was 0.991. The results shown below were based on the 72-item scale.

Table 2. Summary of Calibrations

Run# #items  Observations Actions
1 77 4 items with a fit residual >10 These items are to be deleted from the
next run.

2 73 3 items with Differential Item These items are to be split in the next run.
Functioning

3 76 Out of the split items, only urban The 3 non-fit items are to be deleted from
items worked. the next run

4 73 One item with technical This item is to be split to be considered
difference between SACMEQ I two different items.
and II

5 74 These split items behaved These two distance questions are to be
similarly. eliminated from the next run.

Two distance questions may not
fit conceptually (tarmac road;
secondary school).

6 72 There are four other distance Two versions of scaling would be made
questions, but they are (72-item scale and 68-item scale).
conceptually fit.

7 68 The reliability would go down.
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Results

School resour ce scale from the sample schoolsin the calibration

The reliability on the person separation index with the 72-item scale was 0.901,
providing the power of test-of-fit rating as “ Excellent”. While the mean of the item location
was fixed as 0 by definition, the mean of the school location was 0.133, and the standard
deviation was 1.058. The mean of 0.133 indicates that the average school in SACMEQ
countries was more “able” than the “difficulty” level of the average resource item.

A response made by a school to each item can be considered as a function of two
forces: (1) the intensity of anitem; and (2) the fulfillment of a school. The probability that a
school has a given school resource is afunction of the level of “resource power” of the item
and of the level of “resource fulfillment” of the school (Siniscalco and Ross 1997). It must
be noted, however, that this generalization isa*probabilistic” one.

In Figure 1, the individual resource items' thresholds and the distribution of schools
according to their resource level have been placed on the 72-item scale. A resource item
appearing at a higher level would exist in fewer schools than the item appearing at alower
level. For example, a duplicator (location 1.131) is likely to exist in fewer schools than a
schooal library (location 0.071) would. On the other hand, a teacher table (location -0.945)
would exist in more schools than a school library would.

Also shown in Figure 1 is the school position in relation to the individual resource
items. For example, an average school in Seychelles (location 2.104) is likely to have
everything except some “high-tech” eguipment (location above 2.216). There is a 50-50
chance of having school buildingsin good condition (location 2.19). On the other hand, an
average school in Malawi (location -0.871) is likely to fulfil all the lower items up to a
teacher table (below -0.945) and have a 50-50 chance of fulfilling “the distance from the
school to the nearest market within 5 kilometres” (location -0.849).

Portrait of six school resource levels

Using the information in Figure 1, it was possible to develop a portrait of six typical
schoolswith increasing levels of school resources. These were based on the identification of
the common characteristics in groups as well as the evauation of the location estimates and
the overal distribution. Some systematic hierarchy from independent questions appeared in
the levels. For example, aform of water appeared in Level 2, piped water in Level 3, and
water in classroom in Level 6. Electricity showed up in Level 4, simple appliancesin
Levels4 and 5, and high-tech appliancesin Level 6.

(i) Level 1: Insufficient School Resources

A school at thislevel hasa playground. Buildings require repairs. Classes take placein
an open-air class. There is awriting board and chalk. Pupils have or share sitting/writing
places. However they share textbooks. Pupils have at least an exercise book, a ballpoint pen,
and a pencil.
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Figurel. Item Map for SACMEQ School Resour ces
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(ii) Level 2: Limited School Resources

In addition to the above resources, a school has aclinic and a market within 5 km from
the schooal. It has a sports ground and non-piped water. Classroom has a temporary and/or
permanent structure. The school head has hisher office. In the classroom, there is a chair
and a table for the teacher. Teachers have an access to an English dictionary in school.
Pupils have rulers.

(iii) Level 3: Basic School Resources

In addition to the above resources, a school has afence, astore room, and a staff room.
Water is piped, and atoilet is used by less than 60 pupils. In the classroom, thereis awall
chart. Teachers have access to a map and teaching guides. They have at hand English
dictionary, map of a country, and an atlas. Pupils have at least a notebook and an eraser.

(iv) Level 4: Comfortable School Resources

In addition to the above resources, a school has electricity and a school library, a
classroom library, and afirst aid kit. It has a radio, telephone, and a typewriter. In the
classroom, there is a cupboard. Teachers have world map, map of Africa at hand in the
classroom, and they also have an access to geometric instruments. Pupils have their own
textbooks, and sharpeners. The school purchases library books every year, and books can be
borrowed.

(v) Level 5: Affluent School Resources

In addition to the above resources, a school is located within 5 km from a public
library and a bookshop. A water tap can be found in a classroom. A school has a duplicator
and atape recorder. In the classroom, there are bookshelves. At least one book per pupil is
available for both class and school libraries. Pupils have file folders.

(vi) Level 6: Prosperous School Resources

In addition to the above resources, a school has a secretary’s office; a school hall and
acafeteria. School buildings are in good condition. The teaching space s at |east 2m? per
pupil. The school hasa TV, aVCR, a photocopier, acomputer, an overhead projector, afax
machine, and afilm projector.

Distribution across the hierarchical SACMEQ school resource levels

The percentages of Grade 6 pupils who were in schools with different resource levels
along with the standard errors of sampling (SE) have been presented in Table 3. It is shown
that the distribution was negatively skewed in Mauritius and Seychelles (SACMEQ 11). On
the other hand, large percentages were found on lower levels for Malawi and Zanzibar
(SACMEQ ). Onthewhole, the category which yielded the highest percentagefor SACMEQ
| was Level 2 (31 percent) where asfor SACMEQ 11, it was Levels 3 and 4 (28 percent).

0 1750



Table 3. Percentage and Sample Error

Mioko Saito

for Each School Resources L evel

Level 1 Level 2 Level 3 Level 4 Level 5 Level 6
School Systems Insufficient Limited Basic Comfortable Affluent Prosperous
% SE % SE % SE % SE % SE % SE

Kenya 25 152 264 407 439 449 227 3.73 39 1.28 0.6 028
Malawi 21.0 335 554 411 189 3.11 4.8 1.77 0.0  0.00 0.0  0.00
Mauritius 0.0 0.00 0.0  0.00 0.0 0.00 10.8 2.64 51.1 428 381 4.14
Namibia 32 164 295 380 263 372 212 326 107 214 9.0 2.09
Zambia 129 265 292 384 324 398 225 3.60 3.0 148 0.0  0.00
Zanzibar 148 000 53.6 000 239 0.00 6.0 0.00 1.7 0.00 0.0  0.00
Zimbabwe 0.6 065 231 344 389 389 220 3.38 127 233 27 134
SACMEQ I 7.9 31.0 26.3 15.7 11.9 7.2

Botswana 0.0 0.00 1.3 074 6.8 196 684 359 198 3.04 3.8 144
Kenya 0.0 000 114 266 41.7 413 386 4.11 65 1.72 1.9 120
Lesotho 0.0 0.00 92 246 49.0 415 405 4.14 1.3 0.80 0.0 0.00
Malawi 1.0 078 61.6 443 30.1 421 7.3 2.18 0.0 0.00 0.0  0.00
Mauritius 0.0  0.00 0.0 0.00 0.0 0.00 14.2 295 528 417 329 396
Mozambique 3.1 1.44 248 320 325 3.61 329 3.01 6.7 1.66 0.0 0.00
Namibia 0.0 000 129 231 338 3.04 304 3.04 106 155 123 1.60
Seychelles 0.0 0.00 0.0  0.00 0.0 0.00 0.0 0.00 288 0.00 712 0.00
South Africa 1.0 099 149 292 197 324 302 3.8 140 278 203 3.5
Swaziland 0.0 0.00 35 143 293 354 518 389 131 263 23 116
Tanzania 14 080 306 3.60 455 424 225 3.90 0.0 0.00 0.0 0.00
Uganda 36 175 32,6 431 406 4.49 19.1 3.41 3.5 140 0.7  0.68
Zambia 46 161 370 427 30.6 373 250 5.14 20 132 0.8 083
Zanzibar 20 000 405 0.00 39.0 0.00 17.7 0.00 0.0 0.00 0.9  0.00
SACMEQ II 1.2 20.0 28.5 28.4 11.5 10.5

M ean school resour ces

Each school has been given an estimate of a school resource score. When merged back
to the pupil-level original data file, the mean school resource score (at pupil level) was
-0.09215172409658 and its standard deviation was 0.960755343058. The mean school
resource should be interpreted as the school resource level that pupils have access to. A
standardized school resource score (ZSRESL OC) has been cal culated making the SACMEQ
Il mean as 500 and the standard deviation as 100 as shown in the following formula:

Where Estimate is the individual school resource score calculated at pupil level.

ZSRES.OC =100 x

Estimate + 0.09215172409658

0.9420927535299

+ 500

In Table 4, the means and standard errors of sampling for the school resourcesfor each
country using the standardized score have been presented. For SACMEQ) |, the overall mean
school resource score was 464.8. The mean ranged from 379.3 in Malawi to 630.8 in
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Table 4. Mean and Sample Error for School Resource Scale

SACMEQ I SACMEQ II
School Systems
Mean SE Mean SE

Botswana NA NA 544.6 4.59
Kenya 454.9 4.96 485.5 492  **
Lesotho NA NA 475.0 3.72
Malawi 379.3 4.97 409.7 399  *k*
Mauritius 630.8 3.97 629.0 4.01
Mozambique NA NA 461.3 4.26
Namibia 481.1 6.06 513.9 4.18  **
Seychelles NA NA 675.2 0.00
South Africa NA NA 541.4 9.04
Swaziland NA NA 510.9 4.96
Tanzania NA NA 439.8 4.37
Uganda NA NA 437.6 5.88
Zambia 430.6 6.63 4432 8.42
Zanzibar 399.2 0.00 432.9 0.00 **
Zimbabwe 477.9 5.68 NA NA
Overall 464.8 500.0

** Significant at 95 % confidence

Mauritius. For SACMERQ |1, the country with the highest mean was Seychelles (675.2), and
the lowest mean school resource score was 409.7 in Maawi. These results were consistent
with the level of GDP per capita (World Bank 2003).

Changesin the school resource level between SACMEQ | and SACMEQ |

Also shown in Table 4 are the differences between two studies. The standard error of
the difference was cal culated by taking the square root of the sum of the variances for each
mean. In order for the difference to be significant at the 95 percent confidence level, the
difference must be greater than or equal to two standard errors.

All the countries except Mauritius increased the school resources. The increased values
varied from 12.6 pointsin Zambiato 32.8 pointsin Namibia. The changesin Kenya, Maawi,
Namibia, and Zanzibar were statistically significant at the 95 percent confidence level taking
into consideration the size of the standard errors.
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Among-region and between-region variations

The distribution equity was examined using the allocation patterns of the school
resources. In Table 5, the variation among and within regions on the school resources have
been presented for each school system. The variations among regions (ARV) were calcul ated
using the F statistics obtained from the ANOVA analyses conducted at the school-level data
file. The following formulawas used:

F-1
m
F+—-1
n

ARV =

Where m = number of schools; n = number of regions

For SACMEQ I, Maawi, Mauritius, and Zambia showed small variations among
regions (lessthan 0.1). However, in Kenya and Namibia, these figures exceeded 0.45. For
SACMEQ Il in Mauritius and Uganda, the ca culated variations among regions were negative,
which were treated as no variation among regions. In contrast, in Namibiaand Zanzibar, the
variation among regionsyielded large figures. When comparing SACMEQ | and 11, in Kenya
the variation among regions reduced by 0.14 points where asin Namibia and Zanzibar, they
increased by about 0.11 or 0.13 points.

Table 5. Variation Among and Within Regions

SACMEQ I SACMEQ I
School Systems  Varjation Among  Variation Within Variation Among Variation Within
Regions Regions Regions Regions
Botswana NA NA 0.11 0.89
Kenya 0.47 0.53 0.33 0.67
Lesotho NA NA 0.02 0.98
Malawi 0.06 0.94 0.03 0.97
Mauritius 0.06 0.94 0.00 1.00
Mozambique NA NA 0.18 0.82
Namibia 0.45 0.55 0.56 0.44
Seychelles NA NA 0.01 0.99
South Africa NA NA 0.39 0.61
Swaziland NA NA 0.05 0.95
Tanzania NA NA 0.04 0.96
Uganda NA NA 0.00 1.00
Zambia 0.08 0.92 0.16 0.84
Zanzibar 0.29 0.71 0.41 0.59
Zimbabwe 0.21 0.79 NA NA
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Corréation between the SACM EQ schaool resour ce scale scoreand the achievement scores

The SACMEQ Reading and Mathematics scores in the SACMEQ archive had been
established using the Rasch scaling method (Ross et al. 1994; Andrich et al. in press), and
standardized to have amean of 500 and standard deviation of 100 for SACMEQ 1. It should
be noted that the overall correlation between the existing simple resource index (summation
of 22 items) and the aggregated achievement scores at school level for SACMEQ Il were
446 and .388 for Reading and Mathematics respectively. However, when using the newly-
established resource scale, the correlation improved to .490 and .437 respectively. Thiswas
due to the fact that the Rasch model enabled more items to be incorporated to build the
scale.

The coefficients of correlation between the SACMEQ school resources score and Reading
and Mathematics scores for each country have been presented in Table 6. In general, the
achievement scoresin both subjects were positively related to the school resources score with
statistical significance. Thisfinding was consistent with the conclusion of Siniscalco and Ross
(1997). The magnitude of the correlation coefficient was particularly high in Kenya, Namibia,
and Zimbabwe (SACMEQ 1), and Botswana, Namibia, and South Africa (SACMEQ I1).

In order to put perspective to the magnitude of these correlation coefficient, it should
be noted that the Reading Literacy Study conducted by the IEA reported the school-level
correlation coefficient between school resources and achievement ranging from -0.03 to
+0.14 (Ross & Postlethwaite 1994).

However, these relationships were not adjusted for the pupil input. Further studies
need to be carried out in order to determine the veritable relationship.

Table 6. Coefficient of Correlation between SACMEQ SRI and Reading and
M athematics Scores of Pupilsin the SACMEQ | and SACMEQ |

SACMEQ I SACMEQ 11
School Systems School Res.ources X School Res.ources X School Resou.rces X
Reading Reading Mathematics

Botswana NA 0.60 *x 0.60 **
Kenya 0.61 o 0.55 wx 0.46 o
Lesotho NA 0.42 Hx 0.29 wox
Malawi 0.20 ** 0.21 ** 0.06
Mauritius 0.22 wox 0.14 0.12
Mozambique NA 0.20 oK 0.05
Namibia 0.75 ** 0.77 *x 0.77 **
Seychelles NA 0.44 o 0.42 *K
South Africa NA 0.78 *x 0.73 **
Swaziland NA 0.55 *x 0.39 *K
Tanzania NA 0.23 *x 0.20 *K
Uganda NA 0.44 o 0.24 ok
Zambia 0.12 0.59 *x 0.39 *K
Zanzibar 0.21 *x 0.26 *x 0.12
Zimbabwe 0.65 *K NA *x NA
Overall 0.51 wx 0.49 Hx 0.44 wx

** Significant at 95 % confidence
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Conclusion and Discussion

The established SACMEQ SR satisfied criteriaof an “ideal” scale (Woo 2005b). First
of al, the SACMEQ SRI exhibited an “excellent” reliability index of 0.901, indicating that
the scale isinternally consistent and is separating the schools on this variable. The high
reliability could be due to the dependency of items within the scale. For example, many
high-tech items were dependent on the availability of the electricity. Using the Rasch model,
it would be worthwhile to re-examine the reliability and thefit of the scale by converting the
dependent items to a single item with a greater total score with minimized redundancy.

Secondly, a given score of a school on the school resource scale was not merely a
quantitative measure. It provided a qualitative description of the resource items that are
likely to be available in a school. These profiles could be used as a guideline to identify
critical and relevant resource items at each progress level.

Thirdly, the SACMEQ SRI had a correlation coefficient of 0.490 and 0.437 with the
school aggregates of pupil Reading and Mathematics scores respectively, suggesting that
the scale can be used as a predictor of school achievement as well as an indicator of a
school’s developmental level. Thiswas achieved by a careful selection of the resource items
that were meaningful in developing countries. A similar approach would be required in
order to validly measure the socio-economic status of pupilsin this context (Dolata 2005).
This would shed light on the long-lasting debate regarding the interaction between school
effect and the pupil background on achievement.

Finally, using the linked common items between SACMEQ | and SACMEQ 11, countries
that only participated in one of the studies were also placed on the same scale as those that
participated in both studies. However, interchanging totally one set of items for another set
would significantly alter the nature of the resource list. That is, very different subsets of
school resources would mean different qualitatively different functioning in schools. The
situation can be accepted if each item on the resource instrument is taken to represent the
universe of that type of resources. For example, a blackboard is an item representative of all
possible types of blackboard, and a copier is a representative of copiers, etc. Such an
assumption does not alow that the copier item is exchanged for ablackboard. Such achange
in the instrument would shift the meaning of the overall resource allocation and would make
the measure of resources dependent on which items were used on the instrument and would
violate the assumption of specific objectivity. However, if only afew of the resource items
are different among the schools, then depending on which ones they are, they might be
exchangeable in the above sense. This notion of exchangeability may require further
exploration in order to justify the use of Rasch in the domain of school resources.
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