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USING THE IEA TIMSS TESTS TO COMPARE PUPILS’ SCIENCE
EDUCATION ACHIEVEMENTS AT REGIONAL AND SCHOOL LEVELS
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Abstract. The task of research was to find out if the TIMSS (Trends in Mathematics and Science Study)
tests could be used to compare the average achievements of schools at regional level. All eight-formers of
the Valmiera (Latvia) region participated in the investigation.

The study showed than on average, the achievements of the schoolchildren of the Valmiera
region are more considerable than those at national level in general. Moreover, the representatives of the
city site rather than the participants of the rural area were more successful in the Valmiera region as well
as throughout the country. However, analysis indicates that some schools of the rural area have achieved
impressive results while knowledge of a number of the learners of the city remains rather poor. The data
is important to education leaders of the region because school situation and the results of this research can
help to carry out the assessment of every school. The obtained information regarding pupils’ performance
in each of the subject content groups is essential for schools. In general, we may consider that a parallel
TIMSS study undertaken in one of the regions of Latvia has been very successful and education leaders,
school principals and teachers of the area received valuable information.
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Introduction

The abbreviation of the TIMSS has widely been known for all scientists since 1995. It
meant the Third International Mathematics and Science Study until 1999, but since the year 2000
it has been called Trends in Mathematics and Science Study. This is the largest international
comparative education study, which has been dealing with mathematics and science education in
a large number of countries for more than ten years. The TIMSS has gained vast support of
scientists and politicians. The study conducted three surveys (in 1995, 1999 and 2003) which
involved more than one million pupils (Beaton et al., 1996; Martin et al., 1997; Martin et al.,
1998; Martin et al., 2000). Latvia also took part in all three events of the TIMSS the results of
which have been widely analyzed (Geske, 1999; Geske, 2000; Geske, Grinfelds and Kangro,
2001; Geske, Kangro, 2002)

Though the achievement tests that are applied for comparison and assessment of different
sub-systems of education of the study are oriented towards comparisons on a system level,
experience of some countries (e.g., USA and Canada) exists. We put forward a task for ourselves
to find out if these international tests could be used for the comparison of schools. One of the
administrative regions of Latvia (Valmiera region) was chosen for the study.

The eight-formers’ survey tests of the year 1999 were used in Latvia. They were
performed by almost four thousand schoolchildren within the TIMSS study. The tasks included
multiple choice assignments, short (some words only) and extended answers (pupils had to
provide rather lengthy explanations). Both types of the tasks which are short and extended
answers are to be coded with appropriately formulated codes that exactly agree with assessment.
The experts that coded learners’ answers in the 1999 TIMSS study helped us in our Valmiera
region study.

The tests include the items of science and mathematics. According to content, science
items were divided into six groups: Earth Science, Life Science, Physics, Chemistry,
Environmental and Resource Issues, Scientific Inquiry and Nature and Science. All items of
maths and science were put into 8 different brochures. A high number of brochures ensure not
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only a total large number of tasks which cover all the above mentioned content areas (150
science items and the same number of items in mathematics, approximately) but also do not
provide a possibility of cribbing.

We appreciate mutual agreement with the Valmiera region. Maris Ruberts, the head of
the Education Board, was very supportive and showed great interest in the study. The territory is
2400 square kilometres, population is about 60 000 inhabitants, the regional centre is Valmiera, a
comparatively large town with 30 thousand inhabitants. Valmiera is situated 110 km from Riga.
There are also two smaller towns in the region — Rujiena (4000 inhabitants) and Mazsalaca (2000
inhabitants) and 22 villages with the population ranging from 500 to 3000 people.

The structure of regional schools corresponds to the number of the inhabitants in the
territorial placement of the schools. However, it should be taken into consideration that
frequently the pupils of the Valmiera region come from the families of a higher social economic
status and are greatly interested in education. They often choose a “centripetal” mode of
education acquisition and learn either in the regional centre or in Riga which is only 110 km
away from Valmiera.

The eighth-formers of basic and secondary schools from the whole Valmiera region
regardless of their age participated in the study. A general core of the study was made up by 717
pupils from 21 general comprehensive schools (including one correction and re-education
institution which is attended by schoolchildren after ruling of the Court). The language of the
instructions of all participating schools is Latvian except an instruction of one school which is
Russian. The pupils of this school performed the tests and filled in the questionnaires in Latvian
(the instruments of the TIMSS-R were not translated into Russian). The study of science
achievements of the basic school pupils in the Valmiera region divided schools in the following
strata (see table 1):

e urbanization level — Valmiera schools / schools of other towns/ rural area schools;
e school type — basic schools / secondary schools.

Table 1.Division of Valmiera region schools in strata.

Stratum Number of Number of pupils
participating schools

All schools 21 717

Valmiera schools | 5 414 (55%)

Schools of other |2 100 (14%)

towns

Rural area 14 203 (28%)

schools

Basic schools 12 170 (76%)

Secondary 9 547 (24%)

schools

Results of Research

Pupils’ achievements in science in the TIMSS-R study are expressed in numbers (the
average value 500 with a standard deviation 100) (Martin et al, 2000). The achievements in
science of the Valmiera region pupils were measured with a help of this method.

The structure of the pupils’ achievement test does not allow to compare individual
results, and therefore the achievements in science of the eight-formers of the Valmiera region
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were compared at school level (see figure 1). The results of the 1999 TIMSS-R study were used
for the international comparison.
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Figure 1. Distribution of school achievements (SV — Valmiera secondary schools, ST —
secondary school of other towns, SR — rural area secondary schools).

The dispersion of science achievements of the eighth-formers of the Valmiera region
varies from 423 (correction and re-education institution) to 544 points. The results of 10 schools
(a half) is higher than Latvia’s average in the TIMSS-R study but the achievements in science of
13 schools of the Valmiera region are higher than the international average which is 488 points.
If compared the results of the eighth-formers of the Valmiera region with those of the TIMSS-R
on the international level, conditionally the Valmiera region would be in the 20th place among
38 countries leaving behind Latvia, Lithuania, Italy and other countries (Geske, 2000). In
general, the average achievements in science of the Valmiera region pupils are higher than the
international average in the TIMSS-R study by 19 points.

As the study simultaneously assessed the achievements in science and mathematics,
mutual links between these two subjects should be interesting to compare. Figure 1 shows that
school achievements in science and mathematics strongly correlate (correlation coefficient
0.61), i.e., schools having high achievements in mathematics also have high achievements in
science and vice versa. An interesting point is that the schoolchildren of the school with the
Russian language instruction showed comparatively high results in mathematics and
considerably low results in science (the school was in the second place agreeably to the worst
average achievements in science). Obviously, the tasks including vast text material in Latvian
presented pupils more difficulties than mathematics tasks with numerical language and
formulas. However, there is no reason to think that one needs very different skills to acquire
mathematics and science. Also the achievements of pupils from correction and re-education
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institutions are not typical as to its composition this is a special school (the school with the worst
achievements in science but not in mathematics).

Taking into consideration the influence of urbanization faction, pupils’ average
achievements is seen in Figure 2. The difference between city site and rural area schools is
significant. The obtained results show that on average the pupils of the rural area school have
not possibilities to receive such good basic education as the schoolchildren of the rural area.
Thus, the representatives of the rural area schools are the worst at entering Grammar school,
secondary school or other institutions of higher education. At the same time Figure 1 shows that
there are some basic schools in the rural area where achievements are very high. Hence, it
should be noticed that the obtained results of each of the schools are individually assessed.
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Figure 2. Distribution of the Valmiera region pupils’ achievements in science depending on
the urbanization level.

On average, though the achievements of the Valmiera schoolchildren are quite high they
considerably differ and vary from medium to very good. Unofficial school rating, possibilities
and principles of school staffing and recruiting are notorious to any person who perfectly knows
the system of Valmiera schools. However, this study confirms that the school having high
unofficial rating produces comparatively low results and vice versa.

The pupils of two small towns of the Valmiera region came up with good results that actually
are considerably higher than the average results of the Valmiera region and even a bit higher
than the achievements of the pupils from Riga (Geske, 2000). However, it should be noted that
these are small schools and do not give significant contribution within the whole region.

The comparison of the results of the eighth-formers learning in secondary, Grammar and basic
schools suggests (Figure 3) that there is a considerably big difference in achievements in favour
of secondary and Grammar school pupils. This is characteristic to the whole country, and
therefore we should think that basic schools are facing some serious work-related problems. It
should also be mentioned that all basic schools are situated on the countryside that goes together
with the previously mentioned division of schools according to the urbanization level.
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Figure 3. Distribution of the Valmiera region pupils’ achievements in science according to
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According to content, science tasks in pupils’ achievement tests were divided into six
groups: Physics, Chemistry, Life Science, Earth Science, Environmental and Resource Issues,
Scientific Inquiry and Nature of Science. Figure 4 demonstrates the achievements in science of
the Valmiera region pupils regarding different content groups. Pupils’ achievements were
assessed by counting right answers in percentage in each content group agreeably to the methods

of the international study.
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Figure 4. Achievements in science in different content groups.
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The eighth-formers of the Valmiera region showed the highest percentage (65 %) of the
right answers in the group of biology tasks which is better than in Latvia, in general, and higher
than the international average. Biology rather than other branches of science is paid more
attention in basic school in Latvia as it is being taught already at junior basic school.

Environmental and resource issues deal with ecology problems of a contemporary world
and nature protection issues. The pupils of the Valmiera region show a considerably higher
percentage of right answers (61 %) in this group than the average showings of Latvia and
international average (54% and 52% respectively).

The Earth science is an individual subject in many countries. These topics are included
in the content of geography in Latvia. The achievements of the Valmiera region pupils in the
group of the earth science tasks are similar (a bit higher) to Latvia’s and international average.

Though chemistry is taught for the first year in form 8, the percentage of the right
answers given by the Valmiera region pupils is 57% that is much higher than Latvia’s and
international average (47%).

Physics is a broader field of science than lifeless nature. Traditionally it is taught in
forms 8 and 9 of Latvia’s basic school. From all groups of the tasks of the TIMSS-R study
Latvia’s schoolchildren showed the highest percentage of the right answers dealing with physics
tasks (63%) but the achievements of the Valmiera region pupils is much lower which is only
53% that is worse than the international average (55%).

The last content group is scientific inquiry that includes a scientific world outlook and a
cognitive method. Similarly to Latvia’s average achievements the pupils of the Valmiera region
have reached the lowest result in this group — only 40% of the right answers (Geske, 2000).

Conclusions

The results of the study prove the known data and give detailed and latest information
about the schools of the Valmiera region. The average achievements of the city site learners are
much higher than those of the rural area representatives. However, the study indicates that the
achievements of the schoolchildren from some rural area schools are very high while the success
of quite a few schools of the city site is comparatively low. This information is important to the
leaders of regional education boards. A concrete situation at school and the results of this study
can help them to undertake the assessment of each school individually. The information imparted
by the study regarding pupils’ achievements in the content group of each subject is essential for
schools. In general, we may consider that a parallel TIMSS study in one particular region of
Latvia was very successful and education leaders, school principals and teachers of the region
received valuable information.
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Pe3rome

HCHOJb30OBAHUE TECTOB IEA TIMSS JJIsI CPABHEHUSI
JOCTU/KEHUHN YYAIIUXCA 1IO NPEIMETAM ECTECTBEHHBIX
HAYK HA PETUMOHAJIBHOM U IKOJIBHOM YPOBHE

benura barara, Auapeiic I'ecke, Pura Kuceaéna

OcHoBHOW 3ajadyeil fgaHHOW pabOTBl OBUIO BBIICHUTH — MOXHO JIM  TECThI
MEXYHApOJIHOTO CPaBHUTEIBHOTO MccaenoBanus oopasoBanus TIMSS (Trends in Mathematics
and Science) UCIIOIB30BaTh JUIsl CPABPEHUS CPEIHUX AOCTHXKEHHUH 10 MpeAMETaM €CTeCTBEHHbIX
HayK IIKOJI OTJEJIBHOIO peruoHa CTpaHbl. YYacTHUKaMH HCCIEIOBaHUs ObLIM BBIOpaHbI BCe
ydaliuecs: BOCbMBIX KJ1accoB ojiHoro (BanmMuepckoro) paiiona Jlarsuu.

B xone nccnenoBanus ObI0 KOHCTATHPOBAHO, YTO CPEAHHUE TOCTHIKECHUS TI0 MIPEeIMETaM
€CTECTBEHHBIX HaAYK BOCBMHMKJIACCHUKOB BalMuepckoro paiioHa HEMHOTO BBILIE, YEM B CTPAHE B
neinoMm. B Banmumepckom paiioHe, Kak M BO BceW JlaTBuM, cpeaHHE NOCTHMKEHUS Y4YalUXCs
TOPOJCKHUX ULIKOJI 3HAYUTEIBHO BBILIE, YEM CpPEOHHME AOCTH)KEHHS CEJIbCKMX Yy4eHHKOB. Ho
pe3ynbTaThl MCCIENOBaHMs IMOKA3add, YTO €CTh KaK CEJIbCKHE IIKOJbl C OYEHb BBICOKMMH
NIOKA3aTeJsIMM, TaK M TOPOACKUE IIKOJBl CO CPABHUTEJIBHO HHU3KMMH IIOKa3aTeasiMu. OTa
UHpOpPMaNUs BakHA JUIS PalOHHBIX PYKOBOJAWTENEH 0Opa3oBaHWs, W TOJIBKO OHHU MOTYT HaTh
IOJIHYI0 OLIEHKY Ka)KIOW IIKOJIBI, YYUTHIBAs KOHKPETHYIO CUTyallMI0 B IIKOJIE U PE3YJIbTaThl
ITOTO HCCIeNOBaHUsA. B Xome wuccieoBaHUs TONMydYeHHas HH(pOpMamus O JOCTHIKEHHSIX
BOCBMHUKJIACCHUKOB TI0 OTAEIBHBIM TIpyIIaM 3aJad TaKKe SBIAETCA CYIIECTBEHHOM M
PYKOBOJMTEINEH IIKO.

B nenom MoxHO cunTaTh, 4TO MapanenbHoe uccnenosanue TIMSS B oTnensHOM pernone
JlaTBuuM OBUIO TIPOBENICHO yIAYHO M pailOHHBIE PYKOBOIAUTEIH 00pa30BaHUs, a/IMUHUCTPATOPHI U
YUUTEs KO MOJYYUIIN LIEHHYI0 HH(OpMAIHIO.

KnroueBble cj10Ba: ecCTECTBEHHOHayuyHOEe oOOpa3oBaHHE, MEKIYHApOJHOE CpPaBHUTEIbHOE
uccienoanue oopazosanusi, TIMSS , noctmxkenue.
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