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Before comparing student achievements by countries, all the efforts should be di-
rected to ensure an usable test thst reflects as much as possible the curriculum of
the participating countries. Nevertheless, no one test can cover all that is taught or
learned in every country. The question arisen is how well the items on the test match
the curriculum of each country. The paper deals with this problem in the context of
the Third International Mathematics and Science Study (TIMSS), conducted by the
International Association for Evaluation of Educational Achievement (IEA).

The test for each international survey usually is developed to represent a set of the
agreed-upon content area of the participating countries. Because of the differences among
the curricula, some topics of the test are not taught or taught at different grades. One
way to compare countries as “fair” as possible is to restrict test items to the common
topics of the curriculum of all countries. This approach is not a clever solution to the
problem, because it severely limits the test coverage and restricts research questions
about international differences. It should be accepted, therefore, that the test should
contain some items for measuring topics which are unfamiliar to the most students in
some countries.

A technique called Test-Curriculum Matching Analysis (TCMA) was developed to
observe the student performance for a particular country based only on the test items
that are relevant to its own curricula. It enables also for each country to investigate
not only the performance of all other countries on the set of items appropriate for its
curricula, but also the performance of its students on the items relevant to the curriculum
in other countries.

The TCMA needs information for each country about the set of items from the test
that are relevant to the intended curricula of the country. In TIMSS, for example, each
National Research Coordinator (NRC) was asked to report, before the administration of
the test, whether or not each test item is appropriate or not for the country. The item
is considered appropriate if it was in the intended curriculum for more than 50% of the
students in the country [1]. This information is presented by numbers ¢;;, being 1 if the
item j is appropriate for the country ¢, and 0 if the item j is not appropriate for the
country 4. It is also possible to gather data not limited to a binary choice, but according
to the degree of the appropriateness of the item j for the country I. In this case, it may
have any value between 0 and 1. If I countries participate in a survey and the test has
J items, the Test Coverage Matrix has I rows and J columns.
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Suppose that the response of each item of the test can have two values, 1 for correct
and 0, otherwise. Then the score of each student may be reported in a proportion-correct
form, that is, the ratio of the correct answers of the student to all items of the test. For
each country 4, the average of the student proportion-correct responses p;; for the item j
in this country is calculated. The Proportion-Correct Matrix P = (p;;) has J rows and
I columns.

The Test Coverage Index for each country is the ratio of the total possible test points
on the appropriate items of the country to the total possible test points in the whole test.
The Test Coverage Index indicates the proportion of the score points of the test that is
considered appropriate to the curriculum in the country. For example, the Test Coverage
Index for TIMSS mathematics test in grade 8 for most countries ranges between 0.7 and
1. For Bulgaria it is 0.73 This means that around 73% of the TIMSS mathematics test
items are covered by the intended curricula in Bulgaria. Countries differ more on the
science curriculum. The test Coverage Index for TIMSS science test in grade 8 for most
countries ranges between 0.5 and 1. For Bulgaria it is 0.77 [2].

To facilitate the comparisons between countries, it is useful to estimate the national
proficiency for each country. It has the property that, if the students in a country
correctly answered all items that are appropriate for the country, then the country will
receive a value of 100; if the students answered all these items incorrectly, then the
country will receive a value of 0. Items that are not appropriate for the country are not
used in computing these values. If the matrix T' contains numbers other than 0 and 1,
some country values may exceed 100, which means that students answered more items
correctly than it was eXpicted. To avoid such values the normalized weight matrix is

ij

; .
2t
j=1

The last analytical step is to compute the Country Comparison Matrix C' = (¢ ) by
the matrix multiplication C' = 100.(W.P). It has I rows and I columns. The elements
of C' are the national proficiency values. The number c¢,,, indicates how the students in
country n scored on the items that are appropriate for country m.

computed, where w;; =

The diagonal elements of C' show how each country performs on the set of items that
are selected based on its own curriculum. TIMSS results [1] show that there is a very
small increase in each country’s performance on this set of items and performance on the
test as a whole. The average percent correct for eight grade students on mathematics in
Bulgaria, for example, is 60, while the average percent correct based on the items selected
as relevant to the Bulgarian curriculum is also 60. For most countries the difference is no
more than 2 average percent points. Only a few countries have an average percent correct
on their own selected items more than 3 percentage points higher than their average on
the whole test.

Each row of the matrix C shows the performance of the country of the row on the set
of items selected as appropriate for other countries. Each column of C shows the relative
performance of countries on the set of items selected as appropriate for the country
of the column. In TIMSS, for example, the selection of items does not significantly
affect the general relationship among countries. Countries that have higher or lower
performance on the whole test in comparison to each other also have higher or lower
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relative performance on the different subset of items selected as appropriate for different
countries. Although there are some changes in the order of countries based on the
item selection of the countries, most differences are not statistically significant. For
example, based on items that are relevant for Bulgarian mathematics curriculum for the
eighth grade in TIMSS, Australia did 56% average correct, and Israel did 57% average
correct, i.e. Israel performed better than Australia on Bulgaria’s selection of the item set.
On the whole test Australia and Israel did 58% and 57% correct responses on average,
respectively, i.e. Australia performed better than Israel. But there is not a statistically
significant difference between the performances of Australia and Israel on the whole test.

These results are not surprising. On the one hand, they show that the TIMSS math-
ematics test provides between reasonable basis for comparing achievements of the par-
ticipating countries. On the other hand, the fact that the countries rejected the items
that would be difficult for their own students did not significantly reflect the comparison.
These items tended to be difficult also for students in other countries. Omitting such
items improves the result of that country, but tends to improve the results for other
countries as well. So, the overall order of the countries on their achievement is not
significantly affected.
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CPABH4{BAHE HA IIOKPUBAHETO HA YYEBHUTE ITPOTPAMMNI
P ME2KJAYHAPOJHU N3CJIEBAHNA HA YYEHNYECKUTE
ITIOCTN2KEHU A

Kupua I'eoprues Bankos

IIpu MexxyHApOIHM MEIArOTMYEeCKN W3CJIEIBAHWS CPABHSIBAHETO HA yUYEHUIECKUTE
ITOCTUKEHUsT YECTO CTAaBa C MOMOINTA Ha TeCT. [Ipr KOHCTPYKIUSITA HA TAK'bB TECT Ce
[IpaBU BCUYKO BbH3MOXKHO 3a Jla ce 0OXBaHe Hail-1o0pe yJeOHUAT MaTepuas Ha ydac-
TBaIlUTE IbpKaBU. Y YeOHUTE mporpamu, obade, ca MHOro pasHoobpasuu. [lopamm
TOBa 3a BCSIKA JIbP2KaBa B TECTa UMa BBIIPOCU, 3HAHUSITA 3a PEIIaBaHETO Ha KOUTO HE
ca M3y4YeHM OT HEHHWTe ydeHMIU. Taka Bb3HUKBA BHIPOCHT KAKBO MOXKE Ja Ce Hall-
paBH, 3a J1a MOKE CPABHSIBAHETO HA YUEHUYECKUTE MOCTUKEHUST MEXKTY yIaCTBAIIUTE
JIbPKABH JIa € KOJIKOTO € Bh3MOXKHO [TO-paBHOIMIPAaBHO. B To3u MaTepual ce JaBa eIuH
Bb3MOKEH OTTOBOP Ha ITOCTABEHHsI BBIPOC B KOHTEKCTA Ha TPeToTo MexKIyHapOIHO
U3CIe/IBaHe Ha 00YyYEHUETO 10 MATEMATHKA U MPUPOTHU HAYKH.
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