Adiyaman University Journal of Educational Sciences, 2017, 7(2), 221-240

ADYUEBD Adiyaman Universitesi Egitim Bilimleri Dergisi

TIMSS Matematik Verilerinin Agsamali Olgme Modelleri ile igerik,

Biligsel ve Konu Alanlari Bakimindan incelenmesi

Onder KOKLUY

'Adiyaman Universitesi, Egitim Fakiiltesi, Adiyaman

MAKALE BILGI OZET

Makale Tarihgesi: Bu calismanin amaci, TIMSS 8. sinif matematik testlerine katilan
Alindi 19.04.2017 ogrencilerimizin dinyanin baska yerlerinde yasayan akranlarina gére dogru
Duzeltilmis hali cevaplamada guglik cektikleri madde gruplarini ve bu gruplarini olusturan
alind1 05.12.2017 maddelerin Ozelliklerini ortaya cikarmaktir. Bu amag¢ dahilinde, ilk olarak,
Kabul edildi Tarkiye’nin 1999, 2007 ve 2011 yillarinda katildigi TIMSS 8. sinif matematik
23.12.2017 testlerinin International Association for the Evaluation of Educational
Cevrimici yayinlandi Achievement (IEA) tarafindan yayinlanan biitin maddeleri (toplam 260
28.12.2017 adet), yine IEA tarafindan yayinlanan degerlendirme gercevesi dokimanlari

ve belirtke tablolari takip edilerek icerik, biligsel alan ve konu alani itibariyle
gruplara ayrilmistir. Ardindan, IEA’nin bir yillik olarak hazirladigi almanaklar
kullanilarak bu maddelere ait ortalama dogru cevaplama oranlari ve bu
oranlarin TIMSS katiimcilari arasi dagihmlari ¢ikariimistir. Son olarak, elde
edilen veriler asamali dogrusal 6lgme modelleri ile analiz edilerek madde
gruplari baglaminda Turkiye ile diger TIMSS katilimcilari arasi basari dizeyi
farklilklarn tahmin edilip test edilmistir. Bulgular égrencilerimizin “Sayilar”
icerik alani altinda bulunan “Kesirler ve Ondalikli Sayilar” konusu ile ilgili
olgular, kavramlar ve yontemlere ait bilgi dlzeylerinin diger Ulkelerde
yasayan akranlarina goére oldukg¢a disik oldugunu gdstermekte ve bu
farklilik istatistiksel olarak anlamli bulunmaktadir.
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Genis Ozet
Amag

Dinyanin bircok Ulkesinde cocuklara saglanan egitim ve 6gretimin kalitesini ve
etkililigini dlgmek icin &grenci performaslarini diger Ulkelerdeki akranlarinin performslari ile
karsilastirma yontemi kullaniimaktadir (Bos & Cuiper, 1999; Bishop, 1997). Bu
karsilastirmalar yolu ile Ulkeler egitim ve 6gretim sistemlerinin gucli ve zayif yonlerini dolayli
olarak belirleyebilmektedirler. Uluslararasi dizeyde katilimla yapilan TIMMS (Trends in
International Mathematics and Science Study) ve PISA sinavlari editim arastirmacilarina ve
mufredat duzenleyicilerine bu konuda buylk olanaklar saglamaktadir (Mullis, Martin,
Ruddock, O"Sullivan, Preuschoff, 2009).
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Tarkiyede o6grencilerin TIMMS ve PISA sinavlarindaki basarilarinin arasitiriimasi
konusu son zamanlarda bir ¢ok egitimcinin ve egitim arastirmacisinin dikkatini cekmigtir.
Bundan dolay1 6grencilerimizin uluslararasi sinavlardaki matematik basarisi ile ilgili yapilan
egitim arastirmalarinda belirgin bir artis gbézlenmektedir. Son 20 yildir yapilan arastirma
calismalarinda o6grencilerin matematik basarisi Uzerindeki bir ¢ok etken incelenmesine
ragmen icerik, bilisel ve konu alani boyutlarinin etkisi Uzerine bir arastirma yapiimamistir.
Bundan dolayr matematik alanindaki basarisizigin tzerinde icerik, bilissel ve konu alani
faktdrlerinin etkisi tam olarak bilinmemektedir (Delen & Bulut, 2011; Akyliz, 2006).

Ulkemiz 1999, 2007 ve 2011 yillarinda 8. siniflar diizeyinde TIMSS matematik ve fen
bilgisi sinavlarina katilimistir. Bu ¢alismada, Turkiye'nin katildigi yillara ait TIMSS 8. sinif
matematik testlerinin yayinlanan maddeleri, icerik, bilissel alan ve konu alani itibariyle
gruplara ayriimig ve belirlenen madde gruplarinda, Tarkiye'deki 6gdrenciler ile dunyanin
baska yerlerinde yasayan akranlarinin basari duzeyleri karsilagtirilmistir. Calismanin amaci,
Tarkiye ile diger TIMSS katihmcilari arasi basari dizeylerinin istatistiki olarak anlaml
farkliliklar g0Osterdigi madde gruplarini ortaya ¢ikarmaktir. Bu amacg dahilinde, TIMSS
tarafindan yayinlamis toplam 260 adet madde (Tablo 2), Asamali Olgme Modelleri (Multilevel

Measurement Models) kullanilarak analiz edilmigtir.
Ydntem
Veriler

Uluslararasi Egitim Basarisi Degerlendirme Kurulusu (International Association for
the Evaluation of Educational Achievement (IEA)) tarafindan gelistirilen Uluslararasi
Matematik ve Fen Egilimleri Calismasi (Trends in International Mathematics and Science
Study (TIMSS)), 4. ve 8. sinif 6grencilerinin matematik ve fen bilimleri basari diizeylerini
belirlemek icin kullanilan bir 6lgme aracidir. Bu ¢alismada, Turkiyenin katildigi 1999, 2007 ve
2011 yillari uygulamalari sonrasi yayinlanan, 8. sinif matematik test maddeleri, bu
maddelere iligkin icerik, bilissel alan ve konu alani bilgileri ile maddeleri ortalama dogru

cevaplama orani verileri incelenmistir.
TIMMS Matematik Testi

TIMMS matematik testindeki maddelerin 6zelliklerini niteleyen ¢ temel alan vardir.
Bu U¢ ana alandan ilki igerik alani olup “Sayilar”, “Cebir”, “Geometri” ve “Veri Analizi ve
Olasilik” olmak tizere dort basliktan olugur. ikinci alan ise bu 4 temel baslik altinda bulunan

toplam 13 konu baghgindan olusan konu alanidir. Ugiinci alan ise “Bilgi”, “Uygulama” ve

“Akil Yarutme” gibi davraniglarin tanimlandigi biligsel alandir (Tablo 1).
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Tablo 1.TIMSS Sekizinci Sinif Matematik icerik, Konu ve Biligsel Alanlar

Icerik Alani Konu Alani Bilissel Alan
g (1) Bilgi:
(1) Dog_al Sayilar Bu alan ile ilgili maddeler 6grencilerin
(2) Kesirler ve Ondalikli Sayilar ; oo :
(1) Sayilar (3) Tam Sayilar matematikle ilgili bilmesi gereken
ynar olgulari, kavramlari ve yontemleri
(4) Oran, Oranti ve Yuzde kapsar
) (2) Uygulama :
(1) Orlntaler Bu alan ile ilgili maddeler
, 2) Cebirsel Ifadeler ogrencilerin matematikle ilgili
(2) Cebir
(3) Denklemler/Formuller ve problemleri c¢6ézmek veya sorulara
Fonksiyonlar cevap vermek icin bilgilerini

(3) Geometri

(1) Geometrik Sekiller
(2) Geometride Olgme
(3) Konum ve Hareket

. (1) Veri Duzenlenmesi ve
@) - ver Gosterimi
Analizi ve mi
Olasilik (2) Verilerin Yorumlanmasi
(3) Olasilik

uygulayabilme yetenekerini dlger.

(3) Akil YUrGtme:

Bu alan ile ilgili maddeler 6grencilerin
siradigi  problemleri mantiksal ve
sistematik disinme yoluyla ¢dzebilme
yeteneklerini dlger.

1999, 2007 ve 2011 yillarina ait sekizinci sinif TIMSS matematik testlerinde toplam

594 madde kullaniimigtir. Toplam 594 maddenin 360 tanesi ¢coktan se¢meli ve 234 tanesi ise

acik ugludur (Tablo 2). Agik uglu sorularin gogunlugu dogru-yanlis seklinde iki kategoride ve

kalan kuguk bir kismi ise 0-1-2 seklinde ikiden fazla kategoride puanlanmigtir.

Tablo 2. TIMSS 8. Sinif Matematik Testinde Kullanilan ve Yayinlanan Madde Sayilari

Testte Kullanilan Madde Sayilari

Yayinlanan Madde Sayilari

Coktan Acik Toplam Coktan Acik Ucglu Toplam
Yil . .

Secmeli Uclu Secmeli
1999 125 37 162 65 17 82
2007 117 98 215 50 38 88
2011 118 99 217 48 42 90
Toplam 360 234 594 163 97 260

Verilerin Analizi

Bu calismada kullanilan veriler birka¢ asamadan sonra olusturulmus ve analiz

edilmigtir. Birinci asamada, IEA'nin yillik (almanac) olarak hazirladigi dokiimandan R 2.14.2

programiyla (R Development Core Team, 2012) yayinlanan maddelere ait ortalama dogru

cevaplama oranlari ve bu oranlarin TIMSS katilimcilari arasi dagihimlari gikariimistir. ikinci
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asamada, IEA'nin vyayinladigi TIMSS 8. sinif matematik degerlendirme c¢ergevesi
dokimanlari ve belirtke tablolari takip edilerek igerik, biligssel alan ve konu alani itibariyle
maddeler gruplara ayrilmigtir. Uglincii agsamada, birinci ve ikinci asamada elde edilen veriler
SAS programi yardimiyla birlestiriimis ve bir sonraki analiz agamasi igin gerekli veri dosyalari
olugturulmustur. Daha sonra, HLM-6 programi yardimiyla (Raudenbush, et al., 2004) Iki

Asamali Dogrusal Olgme Modelleri kullanilarak veriler analiz edilmistir.

HLM programiyla veri analizi asamasinda ise iki ana basamak bulunur. ilk basamak,
Esitlik 2’de ifade edilen ve sadece birinci dlizey yordayicilarinin kullanildigi 6lgme modeli ile
verilerin analizidir. Bu adimda, sekizinci sinif matematik TIMSS katiimcilarinin basari
dizeyleri belirlenmis, bu sonuglarinin gtvenirligi hesaplanmis ve IEA tarafindan resmi olarak
aciklanan katihmcilarina ait ortalama basari diizeyleri ile karsilastirilmistir. ikinci basamak,
Esitlik 3’'te belirtilen, hem birinci hemde ikinci dizey yordayicilarinin kullanildigi1 6lgme modeli
ile verilerin analizidir. Son adimdan elde edilen bulgular, bu ¢alismanin amacinda belirtildigi
gibi, Tarkiye ile diger TIMSS katilimcilari arasindaki basari dizeyleri farkint madde gruplarini
baglaminda hesaplar ve istatistiki teste tabi tutar. Bulgular kisminda, sonuglar ayrintilariyla

verilmistir.
Bulgular, Tartisma ve Sonug

Verilerin analizi sonrasinda elde edilen bulgular Tlrkiyedeki 6égrencilerin diger
Ulkelerdeki 6grencilerle karsilastiriinca “Sayilar” igerik alani altinda bulunan “Kesirler ve
Ondalikli Sayilar” konu alanina ait biligssel alani “Bilgi” olan sorularda basariz olduklari
gorulmektedir. Bir baska deyisle Tirkiyeden katilan 6grencilerin “Kesirler ve Ondalikh
Sayilar” konusu ile ilgili olgular, kavramlar ve yontemlerde bilgi diizeylerinin diger Ulkelerin
ogrencileri ile karsilastirildiginda istatistiksel olarak anlamli duzeyde dusuk oldugu
gorulmektedir. Bu alandaki basarizligin, 6gdrencilerimizin matematik basari siralamalarini
anlaml bir sekilde ve negatif olarak etkiledigi tespit edilmistir. Tablo 7'de ylksek olg¢lude
basarisiz olunan soru 6rnekleri gérilmektedir. Detayli olarak incelendiginde 6grencilerin
yogunluklu olarak ondalikh sayilar ve kesirlerde iglemler ile ilgili sorular ve kesir, ondalik ve

yuzde cevrimleri ile ilgili sorularda hata yaptiklari tespit edilmistir.

Kesirler ve ondalikli sayilar konusu 4. sinif mifradatindan baslamak Uzere takip eden
siniflarda tekrar tekrar ele alinarak yogunlukla tzerinde durulan bir konu olmasina ragmen
ogrencilerimizin hala bu konuda bilgi dizeyinde diger Ulkelerden daha disuk basari elde
etmeleri bu calismanin en dnemli bulgusudur. Bu sonu¢ bize hali hazirdaki 6gretim
yontemlerinin  kesirler ve ondalikll sayillar alaninda gbzden gecirilmesi geregini

vurgulamaktadir.
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Ornegin Bulgar (2003) kesirler ve ondalik sayilarda islemsel algoritmalarin teori
temelinde degil dgrenciler igin daha anlamli iceriklerde kullanilarak ogretilmesi geregini
vurgulamaktadir. Teori temelinde kurallarin ezberletilerek ogretildigi ortamlarda 6grencilerin
kesirler ve ondalikli sayilarda ki islemsel kurallari hatirlamakta zorluk cektikleri cesitli
arastirma calismalarinda (Davis & Maher, 1990; Maher & Alston, 1989) o6zellikle

vurgulanmistir.

Diger onemli bir konu ise kesirler ve ondalikli sayilarin anlamli 6greniminde daha
once ogrenilmis bilgilerin kavram yanilgilarina sebep olmasidir. Bir ¢cok arastirma calismasi
(Carpenter, 1988; De Corte, Greer, & Verschaffel, 1996; De Corte, Verschaffel, & Pauwels,
1990; Fischbein, Deri, Nello, & Marino, 1985; Greeno, 1991; Lehtinen, Merenluoto, &
Kasanen, 1997; Resnick & Ford, 1981; Resnick et al., 1989; Resnick and Omanson, 1987),
ogrencilerin kesirler ve ondalikli sayilari 6grenmedeki gugliklerinin dnceki bilgilerin sebep
oldugu kavram vyanilgilarindan kaynaklandigini vurgulamaktadir. Ayrica bazi arastirma
calismalari (Behr et al., 1992; Lamon, 1999) kesirler ve ondalikli sayilarin 6grenimindeki
gucliklerin asilmasinda o6gretmenler tarafindan daha fazla pratik yaptirimasi geregini

vurgulamaktadir.

Sonug olarak kesirler ve ondalikli sayilar konusu matematik literatiriinde 6grencilerin
en cok zorlandiklari konular arasinda yer almaktadir. Bu konuda yapilan sayisiz arastirma
calismasi anlamli 6grenmenin gergceklesmesi konusunda bir ¢ok dneride bulunmustur. Bu
calismanin bir sonucu olarak ortaya cikan ogrencilerimizin kesirler ve ondalikli sayilar
konusu da bilgi dizeyindeki basarizhdin gideriimesinde yukarida bahsi gegcen calismalarda
Onerilen yontemlerin mufredat duizenleyicileri tarafindan dikkate alinmasi gerekmektedir.
Ayrica miifredat uygulayicilari olan égretmenlerinde bu yontem ve uygulamalar hakkinda

yeterli dizeyde bilgilendiriimesi gerekmektedir.
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Turkish 8th graders and their peers from other participating countries were
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that performance of Turkish students statistically significantly lower than
performance of students from rest of the other participant countries in
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(Cognitive Domain) item group. Detailed investigation revealed that students
generally fail in procedures in fractions and conversions among fraction,
decimal, and percent.
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Introduction

In many countries around the world, comparison methods are being used in
order to measure quality and effectiveness of education provided to students (Bos
and Cuiper, 1999; Bishop, 1997). Educational policymakers, educators, and
curriculum designers are able to identify strengths and weaknesses of their
educational systems by comparing their students® achievement levels with the
students’ achievement levels in other countries. International studies such as TIMSS
and PISA provide good opportunities for educational policymakers, educational
researchers and curriculum designers in order to conduct these kind of comparative
research studies (Mullis, Martin, Ruddock, O Sullivan, Preuschoff, 2009).

“Corresponding author’s address: Adiyaman University, Education Faculty. Adiyaman
e-mail: okoklu@adiyaman.edu.tr
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The mathematics achievement of Turkish students in TIMSS and PISA has
attracted the attention of researchers, educators, policymakers, and the general
public in recent years in Turkey. Consequently, there is a growing body of research
on factors that are linked to mathematics achievement. Although effects of various
factors on students’ mathematics achievement have been hypothesized and
investigated for the past two decades, few attempts have been made to
systematically investigate the effects of content and cognitive domains. Thus, there
are limited consistent and robust findings on content and cognitive factors related to
mathematics achievement (Delen and Bulut, 2011; Akyuz, 2006).

Our 8™ grade students participated in TIMSS mathematics and science studies
in years 1999, 2007 and 2011. In this research study TIMSS 8™ grade released
mathematics items belonging to the years that Turkey participated were grouped in
terms of content, cognitive and topic area domains. Afterwards, achievement levels
of students from Turkey and other participated countries were compared for each of
these item groups. Purpose of this study is to scrutinize the content, cognitive and
topic area domains which negatively affect Turkish 8th grade students’ achievements
in mathematics using the TIMSS 1999, 2007 and 2011 mathematics assessment
data. Main objective is to identify specific item groups in which statistically significant
differences exist between Turkish students’ and other participants’ mathematics
achievement levels. For this purpose, 260 items, which were released by IEA, were
analyzed by using Multilevel Measurement Models.

In educational measurement literature, two fundamental features of Multilevel
Measurement Models have been mentioned as advantageous. First, these models
are effective for analyzing the nested data since between and within group variances
can be easily computed by these models (Kamata, Bauer, and Miyazaki, 2008). In
other words, since hierarchical structure of a data set is considered, by using these
models variances in different levels of the model which are independent from each
other can be computed without violating the “independence of observations” which is
a fundamental assumption of statistical methods. Problems emerging when
“independence of observations” assumption is violated have been extensively
discussed in Hierarchical modeling literature (Hox, 2005; Raudenbush; Bryk; 2002).
Second, these models are flexible psychometric models that allow testing many
research hypotheses. (Kamata, 2001; Bauer, 2003; De Boeck and Wilson, 2004,
Skrondal and Rabe-Hesketh, 2004; Berevats and Kamata, 2005; Kamata, Bauer, and
Miyazaki, 2008). In other words, psychometric structures formulated with these
models allow investigating the prediction power of both independent variables in
different levels and interaction. Applications of both linear and generalized linear
forms of these models have been presented in various research studies (Kamata,
Bauer, and Miyazaki, 2008; Kamata, 2001; Luppescu, 2002; Chu and Kamata, 2005;
De Boeck and Wilson, 2004; Skrondal and Rabe-Hesketh, 2004; Berevats and
Kamata, 2005; Acar, 2011; Atar, 2011; Chaimongkol, 2005; Binici, 2007; Kamata,
Bauer and Miyazaki, 2008)
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Method
Data

Trends in International Mathematics and Science Study (TIMSS) is a
measurement instrument which was developed by International Association for the
Evaluation of Educational Achievement (IEA) in order to measure 4" and 8" grade
students’ achievement levels in mathematics and science. TIMSS has been
administered worldwide since 1995 in four year periods. Some part of the test items
are released in order to be used in educational research studies without any
commercial purposes. In this study, 8" grade mathematics items from the years
1999, 2007 and 2011 have been investigated in terms of items’ content, cognitive
levels and average correct responses. Data have revealed that there are significant
differences between released items and countries joined the assessment.

TIMMS Mathematics Test

The mathematics assessment framework for TIMSS is organized around two
dimensions, a content dimension specifying the domains or subject matter to be
assessed within mathematics (for example, number, algebra, geometry, and data and
chance at the eighth grade) and a cognitive dimension specifying the domains or
thinking processes to be assessed (that is, knowing, applying, and reasoning). The
cognitive domains describe the sets of behaviors expected of students as they
engage with the mathematics content. (Table 1).

Table 1. TIMSS 8th Grade Mathematics Content, and Cognitive Domains

Content Domain Topics Cognitive Domain

(1) Natural Numbers (1) Knowing:

(1) Numbers

(2) Algebra

(3) Geometry

(4) Data Analysis and
Probability

(2) Fractions and Decimals
(3) Whole Numbers
(4) Ratio, Proportion and Percent

(1) Patterns
(2) Algebraic Expressions
(3) Equations/ Formulas and Functions

(1) Geometric Shapes
(2) Geometric Measurement
(3) Location and Movement

(1) Data Organization and
Representation

(2) Data Interpretation

(3) Chance

Covers the facts, concepts,
and procedures students need
to know.

(2) Applying:

Focuses on the ability of
students to apply knowledge
and conceptual understanding
to solve problems or answer
questions

(3) Reasoning:

Goes beyond the solution of
routine problems to
encompass unfamiliar
situations, complex contexts,
and multistep problems.
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There were total 594 items used in TIMSS 1999, 2007 and 2011 8" grade
mathematics tests. Of these 594 items 360 were multiple-choice items and 234 were
open-ended items. 260 items out of 594 used in years 1999, 2007 and 2011 were
released. 163 of these released items were multiple-choice items and 97 of those
were open-ended items (Table 2).

Table 2. Distribution of items used in TIMSS 8" grade Mathematics Tests by
administration year

Number of Items Number of Items Released

Multiple- Open- Total Multiple-choice Open- Total

Year !
choice ended ended

1999 125 37 162 65 17 82
2007 117 98 215 50 38 88
2011 118 99 217 48 42 90
Total 360 234 594 163 97 260

Mean correct response rates for the released items are expressed on a scale
between 0 and 100. The same scale is used for open-ended questions. However for
the open-ended items that includes partial credits such as 0-1-2 mean correct
response rates represent the rates of full correct response (2). These rates show
differences between both released items and between participating countries and
educational systems. Also, these rates comprise the dependent variable of two level
linear hierarchical models.

Considering the Content Domain (4 groups), Cognitive Domain (3 groups) and
Topic area (13 topics), a total of 156 (4x3x13) item groups can be made up for
expressing all futures of each the individual item. However, only 39 of these item
groups can be found explaining the 260 released items. In order to represent these
groups in a systematic and more understandable way an index made up by using
number codes. For example, Ornegin “Geometry-Geometric Shapes-Applying” item
group is indicated as (3_1_2) by using codes shown in table 1.

Number of items in each item groups can be seen in Table 3 below. Item
groups listed in table 3 are indicator variables, which express item features, in the
first level of two-level linear hierarchical measurement model. If an item belongs to a
group represented by indicator variable it is coded as “1” otherwise it is coded as “0”.
In the second step of two-level linear hierarchical measurement model another
indicator variable was made up to be able to identify “Turkey” among other participant
countries or educational systems. This indicator variable is coded as “1” for “Turkey”
coded as “0” for the remaining participants.

Data Analysis

Data used in this study were filtered and reorganized as result of series
phases. Total 260 (82 from 1999, 88 from 2007, and 90 from 2011) released items
used in TIMSS 8th grade mathematics tests were grouped according to cognitive,
content and sub-content domains. Then, these item groups were analyzed by using
Multilevel Measurement Models. Firstly, mean correct responses of released items
for each participant country were obtained from IEA’s yearly almanac via R 2.14.2
software (R Development Core Team, 2012). Then, released items used in TIMSS
8th grade mathematics tests were grouped according to cognitive, content and sub-
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content domains. In the third level, data obtained from first and second phase of the
study were combined via SAS program and data files needed for the next phase
were made up. Finally, data were analyzed by using two-level linear measurement
models via HLM-6 software (Raudenbush, et al., 2004).

Data analysis by HLM program involves two main steps. First step involves
analysis of data by a measurement model (Eg2) using only first level predictors
(achievement levels of all TIMSS participant countries). In this step, participants’
achievement levels in 8" grade mathematics test were identified and reliability of
these results were computed by comparing real results of those released by IEA. In
the second step, data were analyzed by a measurement model using both first and
second level predictors (computing the differences in achievement level between
Turkey and the all other participant countries in the context of item groups).

Two level Linear Measurement Models

Average rate of correct response variable is continues dependent variable in
this model. This variable is expressed as percentage within the scale between 0 and
100.Hierarchic structure is considered when formulizing the relationship between
variables. However, depending on nested structure of dependent variable levels of
the model can be defined differently. According to multilevel linear measurement
model defined by Kamata, Bauer and Miyazaki (2008), average correct responses for
item groups are nested in individual participants. In this study, same methodology
was followed but average correct responses for item groups were nested in groups of
individuals. First level of the two-level measurement model is shown in Equation 1 in
which “i” indicates item (i = 1, 2,..., 1), “j” indicates group of individuals (j = 1, 2,..., J)
and k indicates predictor (k = 1, 2,..., K).

Yij =Ty, +7rlleij + 7Z'2jD2ij +..+ ﬂ-(k—l)jD(k—l)ij + ﬂKjDKij +&; Eq. 1

In this equation, Y; represents predicted outcome indicating average correct
response of individuals in group “J” for item “i" in the test. Similarly, D,; represents
value of item “i” for predictor variable “k”. In other words, it is an indicator variable that
represents the item group where item “” is. Model cannot be defined since all D; s

were included in the model. However, this problem can be solved by equating
expected value (average value) of the intersection parameter r,; to zero. Parameter

n; represents the effect of the predictor variable “k”. Basically it indicates the

average rate of correct response of individual in group “” for item “". Similarly, &;

represents the error for achievement levels of individuals in group “j” for item group
“I. It is assumed that errors are normally distributed, average is equal to zero and

variance isc”.
Parameters such as z,;and =, presented in the first level of the model are

defined as dependent variables in the second level of the model. In order to express
that all item groups measure the same common construct, only intersection

parameter r,; is tolerable to vary randomly between groups. All other parameters
n; are fixed between groups. In this case the second level of the model can be

formulized as follows.
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Toj = hoj
T =B

Ty = B
' Eq. 2

Tk-1yj = ﬂ(k—l)o

T = Bro

In the equation shown above, parameters f,,, B, By and By, present rate
of correct responses for each item groups and they don’t change by groups. Since

expected value of intersection parameter was equalized to zero before equation "o
shown above does not have Poo constant in the right side of the equation. The term
i indicates achievement levels of groups. It is assumed that this variable is normally
distributed with having 0 mean and e variance.

Continues or non-continues variables which indicate groups’ features, can be
added in the second level of the model. As aimed in this study, if the purpose is to
compare average correct response rates of item groups in level two, an indicator
variable can be made and added to the model. Therefore, second level of the modal
is formulized as shown in Equation 3.

Ty = :801(9rUp)j +1Iy;
75 = P +:B11(grup)j

755 = Boo + B (Qrup);
' Eqg. 3

oy = Buao + ﬂ(k—l)l(grup)j
Ty = Bro

Here, (grup); is an indicator variable with two categories. While focal group

takes the value 1, reference group takes value 0. If indicator variable is used as a
predictor for all item groups in model, model cannot be defined. Therefore, at least
one of the item groups is selected as reference (last item group shown above) and
indicator variable is not added as predictor. Coefficients B, B, By, and By,

represent mean correct response of item groups for reference category. Coefficient
P, represents the difference between mean correct responses for focal and
reference groups for selected reference item group (last item group above).
Coefficients A,, B,and jg,,, represent the difference between mean correct
responses for focal and reference groups for remaining item groups and is computed
as deviation from coefficient g, . Coefficient g, is called main effect since it shows

the achievement level differences between groups in terms of reference item while
coefficients f,,, f,,and g, _,, are called interaction effects since they represent the
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deviation of achievement differences between groups from main effect. Therefore
sum of the main effect and interaction effects gives the total effect. Interaction effects
mentioned here are called as cross-level interaction effect in statistical literature and
mentioned as fundamental advantage of hierarchical modeling over traditional
modeling (Raudenbush and Bryk; 2002).

If we investigate the problem of independence of observations, mentioned in
hierarchical modeling literature, based on the data set used in this study, the
assumption of mean correct responses for high achieving groups are higher than the
mean correct responses for low achieving groups violets the assumption of
independence of observations. However with the use of hierarchical modeling in this
study, assumption of independence of observations is satisfied.

The term (ry;) shown in the second level in equation 2 and 3shows the

achievement level of groups. If the number of subjects is increased, these models
produce more reliable results in group level. (Kamata, Bauer and Miyazaki; 2008).

Findings
Two Level Measurement Model with Level-One Predictors Only
Analysis of data using this model reveals both average correct response for
each item group and achievement levels of all TIMSS participant countries. Predicted
average rate of correct responses and standard errors are shown in table 3 below.

Average rate of correct responses for item groups are varying between 9.91 and
72.79 with a grand average of 43.11 presented in the percent scale.

Table 3. Item Groups’ Descriptive

Predicted Average Rate

Predicted Average Rate Item Number (%) of Correct

ltem  Number of (%) of Correct Responses

Groups Items (Standard Error) Groups of Items ResponTEerfo(gtandard
222 9 40.30 (1.74) 323 4 38.92 (1.99)
221 18 48.37 (1.62) 312 11 41.66 (1.67)
223 1 9.91 (2.66) 311 5 52.21 (1.85)
232 8 32.21(1.73) 313 11 40.14 (1.67)
231 12 50.30 (1.67) 332 2 52.12 (2.18)
233 3 35.97 (2.04) 331 6 47.89 (1.80)
212 2 63.98 (2.18) 333 1 58.53 (2.70)
211 2 61.32 (2.18) 122 17 37.20 (1.63)
213 13 29.98 (1.65) 121 25 55.23 (1.60)
432 5 45.30 (1.81) 123 1 22.67 (2.66)
431 5 55.16 (1.83) 132 1 37.78 (2.70)
433 3 49.95 (2.10) 131 1 54.10 (2.70)
422 3 29.59 (1.98) 133 1 44.68 (2.66)
421 4 39.26 (1.88) 142 13 41.38 (1.65)
423 12 34.38 (1.67) 141 1 41.81 (2.66)
412 7 53.77 (1.74) 143 12 43.71 (1.71)
411 3 60.42 (1.99) 112 6 60.00 (1.81)
413 3 55.76 (2.19) 111 5 56.87 (1.82)
322 18 38.87 (1.62) 113 4 36.20 (1.99)
321 2 49.59 (2.45)

As indicated in Table 4, predicted within-participants variance ,&*, of average
rate of correct responses is 279.27 and predicted between-participants variance , 7,
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is approximately 185.14. Obtained variances are statistically significant (p-value
<0.001, SD=79) in 0.05 alpha level.

Table 4. Two Level Measurement Model with Level-One Predictors Only

Random Effect Parameter Variance Degrees of Chi-Square p- value
Freedom (df) value

Level-2 Error Too 185.14 79 9395.08 <0.001

Term

Level-1 Error &2 279.27

Term

Reliability coefficient , r, of predicted achievement levels of all TIMSS
participants was found as 0.96 as a result of following computation shown below by
using variances and number of item groups (n) given in Table 6. This value indicated
that achievement levels among all TIMSS participant countries were predicted
reliably with two level measurement model.

2o 185.14

f: = =
7,+62In  185.14+279.27/39

As shown in Figure 1 there is a strong, positive and linear correlation (r=0.98)
between achievement levels of all TIMSS participant countries predicted by two level
measurement model and achievement levels reported by IEA (for the years 1999,
2007 and 2011). Predicted mathematics achievement levels are varying between
15.36 and 69.34 with an average of 40.54.

Earea. FRepublic of
7000 |I.'.hln-¢u Tmipr%sj_' .

Hasanle friang eng 47

Belgium (Flemish

50.001

50.00

40007

10.00=

Math Test Scores Predicted by Multi-Level Linear Measurement
&
2
L

T T T T T T T T T
30000 35000 400.00 430 00 500.00 530,00 600.00 G30.00 70000

Average Math Test Scores Reported by IEA
Figure 1. Comparison of Achievement Levels Reported By IEA and Predicted Achievement
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Two Level Measurement Model with Level-One and Level-Two Predictors

Both average rate of correct responses and standard errors for each item
group for all TIMSS participants (80 , including Turkey) were predicted by previous
model. Achievement level differences between Turkey and all other participants for
each item group were predicted and tested statistically by this model. Predicted
differences in average rate of correct responses, standard errors, t-values, and p-
values were given in table 5. As seen in table, while differences are between -12.55
and 10.63, the average difference was found to be approximately 0.24 in a scale
ranging 0-100. In this scale, positive values show that achievement level of Turkey is
higher than other participants and negative values show the opposite. The highest
negative difference between Turkey and other participant countries was found to be
in Number-Fractions and Decimals-Knowing (1_2 1) group. The highest positive
difference between Turkey and other participant countries was found to be in Data
Analysis and Probability-Data Interpretation-Knowing (4_3_1) group. As seen in
Table 5, t-values and p-values indicated that predicted difference for (1-2-1) item
group (-7.76) was found to be statistically significant in 0.05 alpha level. In other
words, students in Turkey have lower achievement levels in (1-2-1) item group
comparing to their peers in all other participant countries.

Table 5. Predicted Differences in Average Rate of Correct Responses Between
Turkey and Other TIMSS Participants and Standard Errors.
Predicted Average Predicted Differences in

Item Rate (%) of Correct Standar Average Rate (%) of Standard t-value p-value

Groups d Error Error
Responses Correct Responses

222 40.25 1.74 5.39 5.73 0.94 0.348
221 48.37 1.61 -0.35 4.12 -0.09 0.933
223 9.87 2.66 7.67 16.89 0.45 0.649
232 32.18 1.73 4.71 6.06 0.78 0.437
231 50.31 1.67 -1.16 4.99 -0.23 0.816
2.33 35.97 2.03 -0.95 9.80 -0.10 0.923
212 63.98 2.18 0.13 11.97 0.01 0.991
211 61.31 2.18 3.53 11.97 0.30 0.768
213 29.95 1.65 4.79 4.80 1.00 0.319
4 3.2 45.28 1.81 4.18 7.61 0.55 0.582
4 31 55.10 1.83 9.49 7.62 1.25 0.213
4 3 3 49.92 2.10 3.37 9.81 0.34 0.731
4 2 2 29.54 1.97 10.63 9.79 1.09 0.278
421 39.22 1.88 8.63 8.49 1.02 0.310
4 2 3 34.37 1.66 2.62 4.99 0.53 0.599
412 53.78 1.74 -1.21 6.46 -0.19 0.851
411 60.41 1.99 1.68 9.79 0.17 0.864
413 55.81 2.19 -3.20 9.84 -0.33 0.745
322 38.88 1.61 -2.99 4.12 -0.72 0.469
321 49.76 2.46 -12.55 12.02 -1.04 0.297
3.2 3 38.97 1.99 -4.30 8.52 -0.51 0.613
312 41.67 1.67 -2.70 5.20 -0.52 0.603
311 52.23 1.85 -1.81 7.62 -0.24 0.812
313 40.13 1.67 3.21 5.20 0.62 0.536
332 52.17 2.18 -11.80 11.97 -0.99 0.325
331 47.90 1.80 -0.71 6.97 -0.10 0.919
333 58.54 2.70 -0.63 16.90 -0.04 0.970
122 37.20 1.63 0.01 4.24 0.00 0.999
121 55.28 159 -7.76 3.55 -2.19 0.029

234



Adiyaman University Journal of Educational Sciences, 2017, 7(2), 221-240

Table 5. Continued
123 22.67 2.66 -1.79 16.89 -0.11 0.916
132 37.80 2.70 -5.18 16.90 -0.31 0.759
131 54.08 2.70 4.41 16.90 0.26 0.794
133 44.70 2.66 -6.20 16.89 -0.37 0.713
142 41.38 1.64 -0.50 4.80 -0.10 0.918
141 41.82 2.66 -2.75 16.89 -0.16 0.871
143 43.71 1.71 0.42 5.00 0.08 0.934
112 60.00 1.81 0.99 6.98 0.14 0.888
111 56.85 1.82 2.74 7.61 0.36 0.718
113 36.20 1.91 -0.81 8.50 -0.10 0.924

Upon each administration of the test IEA publishes reports including average
correct responses for each item by participant countries. Differences between
averages and standard deviations were computed by using the information in IEA
reports and given in Table 6. Considering these information, it was clearly observed
that participants from Turkey performed lower than the other participants in
approximately 85% of the 25 items in 1_2 1 item group. For example while 48.40%
of the participants from Turkey correctly answered the item M052231, 72.30% of the
all other participants correctly answered the same item. In other words, for this
specific item the achievement level of Turkish participants is 23.90% lower than the
achievement level of all other participants.

Table 6. Average Scores for Items in Number-Fractions and Decimals-Knowing
(12 1) Group.

Average Average . Effect Size of
Year Item (Turkey) (International) Difference Sb The Diffrence
1999 B09 46.00 58.20 -12.20 14.56 -0.84
1999 B10 8.60 45.60 -37.00 22.79 -1.62
1999 D09 38.80 62.10 -23.30 20.21 -1.15
1999 D12 58.60 68.20 -9.60 17.26 -0.56
1999 F09 35.20 62.80 -27.60 17.13 -1.61
1999 F12 27.90 49.80 -21.90 14.69 -1.49
1999 HO08 53.40 67.90 -14.50 21.96 -0.66
1999 L10 72.40 65.20 7.20 17.27 0.42
1999 N14 44.80 61.00 -16.20 14.39 -1.13
1999 N19 25.80 48.70 -22.90 22.58 -1.01
1999 P17 24.00 36.10 -12.10 20.37 -0.59
2007 M022043 63.90 62.50 1.40 14.01 0.10
2007 M022066 49.90 43.60 6.30 21.66 0.29
2007 M022104 43.50 57.50 -14.00 19.90 -0.70
2007 M022110 35.80 58.70 -22.90 20.71 -1.11
2007 M032416 36.30 29.80 6.50 17.10 0.38
2007 M042079 57.60 67.40 -9.80 15.38 -0.64
2011 M032166 47.40 56.60 -9.20 18.54 -0.50
2011 M052216 48.50 68.50 -20.00 14.94 -1.34
2011 M052231 48.40 72.30 -23.90 16.51 -1.45
2011 M052214 39.90 40.70 -0.80 10.99 -0.07
2011 M042032 59.40 69.70 -10.30 12.08 -0.85
2011 M032094 49.60 62.30 -12.70 13.69 -0.93
2011 M042024 37.00 54.10 -17.10 21.76 -0.79
2011 M032725 3.30 24.90 -21.60 16.64 -1.30

Effect size, as seen in the last column in Table 6, expresses the differences in
a more meaningful format by using standard deviation scale. Effect size was
calculated by dividing differences between averages by standard deviation. For
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example, effect size belonging to item M052231 was found to be (-1.45) which
means achievement level of Turkish participants approximately 1.5 standard
deviation lower than the average achievement level.

Discussion

As we see examples all around the world, fundamental reform movement in
mathematics curriculum involving revisions and changes have been done in the in
Turkey starting from the year 2005. International measurement studies such as
TIMMS are indispensable tools to be able to better understand the resulting effects of
these curriculum reforms in long run. From this perspective, results of this is
important to understand the some of the effects of these recent curriculum reform by
comparing the students achievement levels in TIMSS 8" grade mathematics test
administered in years 1999, 2007 and 2001. Therefore the aim of this study was to
investigate and identify the item groups that reveal statistically significant differences
in achievement levels between participants from Turkey and the participants from the
rest of the other countries or educational systems. For this purpose, 260 TIMSS
items released from IEA were analyzed by two-level linear hierarchical measurement
model.

Analysis of data showed that performance of Turkish students statistically
significantly lower than performance of students from rest of the other participant
countries in items which are grouped under Number (Content Domain)-Fractions and
Decimals (Topic Area)-Knowing (Cognitive Domain) item group. Detailed
investigation revealed that students generally fail in procedures in fractions and
conversions among fraction, decimal and percent. Failure in this area is negatively
affecting the Country’s rating among all participant countries and educational
systems. Sample items on which our students were mostly unsuccessful can be seen
in Table 7.

Table 7. Sample Items in Numbers-Fractions and Decimals-Knowing group.

Item Code Sample Item
42.65+5.748 =
MO52231
Answer
Which of the following equals to 39
MO052216 S
A)0.8 B)0.6 C)0.53 D)O0.35
Which of the following equations is correct?
A) 3 of =50% of 3
10
B) 3% of 50 = 6% of 100
MO52214

C) 50+30=30+50

D) 3 x50= 2 x30
10

10
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Table 7. Continued
Which of the followings equals to 0.125?

12
MO042032 a5 g 125 o 125 125
100 1000 10000 100000
4 3
7+7—
100 1000
MO32094

A)0.043 B)0.1043 C)0.403 D)0.43

Write corresponding decimal for fraction 3§.
6

MO32725
Answer

In a detailed analysis the data revealed that most students have trouble
understanding decimals. They confuse them with whole numbers or with fractions.
They find it very difficult to understand decimal fractions as an extension of place
value as used for ones, tens, hundreds, and thousands. They have also difficulties in
percent conversions

Although students are exposed to the subject “Fractions and Decimals”
starting from as early as 4" grade, results of this study revealed that most children
still have trouble understanding fractions and decimals. Students find it very difficult
to make conversion among decimals, fractions and percent’'s. The results of this
research suggest major changes in fractions and decimals part of the curriculum. It
is also helpful for teachers to know that there are many ways and very useful
methods for helping students. A full understanding of decimals and fractions comes
more gradually, and involves facing ideas that conflict with what they know about
numbers. The use of problems in which every day uses of decimals and fractions
together rather than a meaningless manipulation of numbers would eliminate the
misconceptions, because it forces students to make use of their everyday knowledge.

For instance, Bulgar (2003) stressed that decimals and fractions should be
taught in more meaningful ways to students by using meaningful context. rather than
solely based on theories. Research studies (Davis & Maher, 1990; Maher & Alston,
1989) showed that students have difficulties understanding decimals and fractions if
they forced to memorize procedural rules.

Another important point is that previous knowledge may lead to
misconceptions on learning decimals and fractions. Numerous research studies
(Birgin & Gurblz, 2009; Carpenter, 1988; De Corte, Greer, & Verschaffel, 1996; De
Corte, Verschaffel, & Pauwels, 1990; Fischbein, Deri, Nello, & Marino, 1985; Greeno,
1991, Lehtinen, Merenluoto, & Kasanen, 1997; Resnick & Ford, 1981; Resnick et al.,
1989; Resnick and Omanson, 1987) particularly stressed that difficulties in learning
decimals and fractions are rooted in misconceptions caused by previous knowledge.
Some other research (Behr et al., 1992; Lamon, 1999) on learning decimals and
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fractions recommends increasing drill and practice applications in order to enhance
learning.

As a result the conception of decimals and fractions is among the topic that
students have much more difficulties comparing the other concepts in mathematics.
These research studies have numerous recommendations in terms of providing
opportunities in order to ensure meaningful and conceptual understanding.
Recommendations mentioned above in this study should be taken into consideration
by curriculum developers to remedy students’ difficulties in learning fractions and
decimals. In addition classroom teachers should be well informed about the changes
in this field by workshops and in-service training opportunities.
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