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Oz.

Bu calisma kapsaminda i¢ Anadolu bélgesinde yer alan orta dlcekli bir ilin merkezinde 6grenim géren
5.sinif 6grencilerinin TIMSS matematik alt testlerinin maddelerinden olusan bir basari testine dair
performanslarinin 6grenme alani, bilissel seviye ve cinsiyet degiskenleri ¢ercevesinde incelenmesi
amaglanmistir. Bu amag dogrultusunda da nicel arastirma yontemleri kullanilarak iliskisel tarama
yoluna gidilmistir. TIMSS matematik alt testlerinin dérdinci sinif dizeyi igin resmi kurumlarca
acitklanan maddelerinden 6grenme alani ve biligsel seviye dagilimi dikkate alinarak olusturulan bir
basari testi icin 6ncelikle 154 tane besinci sinif 6grencisi ile gegerlik glivenirlik ¢alismasi yapilmis ve
ardindan farkli 333 6grenci ile asil ¢alisma gergeklestirilmistir. Elde edilen verilere gore 6grenciler her
Ug 6grenme alaninda (sayilar ve islemler, geometrive 6lcme, veri) en yiksek performansi, en Ust bilissel
seviye olan akil yiiriitme seviyesindeki maddelerde gdstermisleridir. Ogrenme alani bazinda elde edilen
sonuglara gore ise 6grenciler en yiksek performansi veri, en diisik basari ise sayilar ve islemler
o0grenme alaninda sergilemislerdir. Sonuclar cinsiyet temelinde incelendiginde ise sayilar ve islemler
o6grenme alaninin uygulama diizeyinde, geometri 6grenme alaninin bilme ve uygulama dizeyine ait
puanlarda cinsiyete gore anlamh farklar oldugu belirlenmistir.

Anahtar Kelimeler: Bilissel seviye, matematik 6grenme alani, TIMSS matematik alt testi.

Abstract.

The aim of this study was to examine the performance of fifth grade students, who are studying in a
middle-sized city in the Central Anatolia region, on an achievement test consisting of TIMSS
mathematics subtest items, in terms of learning area, cognitive level, and gender variables. To achieve
this aim, a quantitative research method was used, and a relational survey was conducted. Firstly,
validity and reliability study were conducted with 154 fifth grade students for an achievement test
created based on the distribution of learning area and cognitive level of the items announced by official
institutions for the fourth grade level of TIMSS mathematics subtests. Then, the actual study was
carried out with 333 fifth grade students. According to the results, the students showed the highest
performance in items at the highest cognitive level, which is the reasoning level, in all three learning
areas (numbers and operations, geometry and measurement, data). In terms of learning area, the
students showed the highest performance in data, while the lowest performance was exhibited in
numbers and operations. When the results were examined according to gender, it was found that
there were significant gender differences in the scores belonging to the applying level of the numbers
and operations learning area and the knowing and applying levels of the geometry and measurement
learning area.

Keywords: Cognitive level, mathematics learning area, TIMSS mathematics subtest.
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Genisletilmis Ozet

Giris. TIMSS (Trends in International Mathematics and Science Study) uluslararasi dizeyde
gerceklestirilen, 6grencilerin fen bilimleri ve matematik alanindaki bilgilerini ve becerilerini inceleyen
bir aragtirmadir. 4. ve 8. sinif 6grencilerinin katildigi TIMSS, dort yilda bir uygulanmaktadir. Turkiye

Sayfa | 951 Timss’e 8. sinif diizeyine 1999, 2007, 2011, 2015 ve 2019 yillarinda katilmistir. 4. sinif diizeyinde ise
2011 ve 2015 yillarinda katilmistir. 2019 yilinda ise Tirkiye TIMSS’e 8. siniflarin yaninda 5. sinif diizeyi
ile katilmistir. Clinki MEB (2020) aldigi son kararla gerek yas ortalamasi nedeniyle, gerekse sinavin
cercevesine uygunluk acisindan TIMSS’in 4.ve 8. siniflar yerine 5. ve 8. siniflarda uygulanmasinin daha
uygun olduguna karar vermistir.

TIMSS, konu bilgisinin yaninda bilissel becerileri de 6lgmeye yonelik bir sinavdir. Bu baglamda TIMSS
matematik alt testinde yer alan sorular bilme, uygulama ve akil ylritmeye dair bilissel seviyelere
yonelik hazirlanmaktadir (MEB, 2020). Ancak ders kitaplarindaki bazi (6rnegin veri isleme 6grenme
alaninda) gorevlerin bilissel alanlari ile 6gretim programindaki kazanimlarin ait olduklari bilissel
alanlarinin farkh oldugu belirlenmistir (Yilmaz, N., Ay, Z., & Aydin, S., 2021). Bununla birlikte TIMSS her
okulda uygulanmadigindan, daha kiglk captaki illerde 6grenim goren 6grencilerin bu teste iliskin
durumlari gérmek mimkin olmayabilir. Bir baska ifade ile tilke capindan cografi bolge bazinda (MEB,
2020) orneklem secilerek gerceklestirilen TIMSS, tim sehirlerde, her okulda uygulanamadigindan
kiiclk lokasyonlar hakkinda detayl bilgi saglayamayabilir. Bu nedenle de gerceklestirilen bu calismada,
arastirmanin yuratildaga ildeki okullardan 6rneklemler secilmis ve elde edilen verilerle uluslararasi
dizeyde gergeklestirilen bir sinavin, orta 6lgekli bir ildeki yansimasi incelenmistir.

Yontem. Nicel arastirma yéntemlerinden iliskisel tarama deseninin benimsendigi calismada ic Anadolu
bolgesinde yer alan orta 6lgekli bir ilin merkezindeki devlet okullarinin besinci sinifinda 6grenim goéren
ogrenciler arasindan kiime 6rnekleme yontemi ile pilot ¢alisma icin 154 6grenci, ana uygulama igin 333
Ogrenci olmak Uzere toplam 487 6grenci ile galisma gergeklestirilmistir. Farkh yillarda dordiincu sinif
TIMSS matematik alt testinde yer alan goktan se¢meli maddelerden MEB tarafindan erisime agik
olanlar, veri toplama aracini hazirlamak amaciyla havuza alinmistir. Pilot calisma kapsaminda gegerlik
ve givenirlik analizlerinin tamamlanmasiyla veri toplama aracinin nihai hali olusturulmus ve ana
uygulama gergeklestirilmistir.

Bulgular. Calisma kapsaminda 6grenciler en yiksek performansi veri, daha sonra geometri ve 6lgme
0grenme alaninda gostermisleridir. En dislik basari ise sayilar ve islemler 6grenme alaninda
gdzlenmistir. Ogrenme alani ve bilissel seviye birlikte degerlendirildiginde elde edilen verilere gére
ogrencilerin en yiksek performansi, her ¢ 6grenme alaninin da en st bilissel seviyesi olan akil
ylritme seviyesinde sergiledikleri gbzlenmistir. Cinsiyete gore elde edilen veriler incelendiginde ise
sayilar ve islemler 6grenme alaninin uygulama diizeyi ile geometri 6grenme alaninin bilgi ve uygulama
diizeylerinde erkek 6grencilerin anlamli bir sekilde kiz 6grencilerden daha yiiksek bir ortalamaya sahip
olduklari gbézlenmistir.

Tartisma Sonug ve Oneriler. Ogrencilerin en yiiksek performansi veri, daha sonra geometri ve élgme
o0grenme alaninda; en disik basariyi ise sayilar ve islemler 6grenme alaninda sergilemis olmalari alan
yazinda bazi ¢alismalarla benzerlik gosterirken (Blylkoztirk, Cakan, Tan, & Atar, 2014; Kilig, Aslan-
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Tutak, & Ertas (2014). bazilariile zithk sergilemektedir (Dindyal, 2008) . Bununla birlikte 6grenme alani
ve bilissel seviye birlikte degerlendirildiginde elde edilen verilere gore o6grencilerin en yiksek
performansi, her ¢ 6grenme alaninin da en Ust bilissel seviyesi olan akil yliritme seviyesinde
sergiledikleri gozlenmistir. Elde edilen bu bulgu icin alan yazinda hem benzer hem tersi sonuclar
mevcuttur. Cinsiyete gore elde edilen sonuglar sayilar ve islemler 6grenme alaninin uygulama diizeyi
ile geometri 6grenme alaninin bilgi ve uygulama diizeylerinde erkek 6grencilerin anlaml bir sekilde kiz
ogrencilerden daha yliksek bir ortalamaya sahip olduklarini gostermektedir. Elde edilen bu sonug, alan
yazinda var olan bulgularin bazilar ile értiisiirken, bazilari ile farkliik géstermektedir. ilerleyen
¢alismalarda da uluslararasi diizeyde gergeklestirilen testlerin, farkh iller ya da ilgeler bazinda
uygulanarak sonuglarin raporlanmasi 6nerilebilir. Boylece s6z konusu bélgelerin durumlarini daha

detayl sekilde gorip bu sonuclara gore il ve ilce milli egitim muddurlikleri ile okul yonetimleri gereken
diizenlemeleri gerceklestirebilir.
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Introduction

In today's world, there are many large-scale tests that measure mathematics achievement at
the national or international levels. In mathematics tests that are included as subtests of tests such as
Sayfa | 953 YKS (Yuksekdgretim Kurumlari Sinavi- [Higher Education Institution Exam]), KPSS (Kamu Personeli
Se¢me Sinavi- [Public Personnel Selection Examination]), ALES (Akademik Personel ve Lisansisti Egitimi
Giris Sinavi- [Academic Personnel and Postgraduate Education Entrance Exam]), or centralized exams for
transition to secondary education institutions at the national level, test items are generally based on
the objectives included in the curriculum or the knowledge and skills that the relevant educational
level aims to provide. With these tests, a measurement process is carried out, and usually, a placement
is made as a result of this measurement. On the other hand, with the data obtained from the
mathematics subtests of large-scale tests such as TIMSS (Trends in International Mathematics and
Science Study) and PISA (Programme for International Student Assessment), which are carried out at
the international level, not only are the countries' achievements compared but also different variables
that may be related to this achievement level are examined. Moreover, with these data, countries can
structure their educational policies by seeing their strengths and weaknesses. Therefore, it can be said
that participating in these exams at the international level is important not only in terms of providing
a global perspective but also in identifying the deficiencies in the education process.

In international large-scale exams that include a mathematics subtest, such as PISA, students
around the age of 15 usually participate, while TIMSS allows participation from two different grade
levels, fourth and eighth grade. Therefore, if a change is made in education policies, using TIMSS data
may be more effective to see the impact of this change. In other words, if the group that participated
in TIMSS fourth grade also participates in the eighth-grade application in later years, it would be more
meaningful to measure the effectiveness of education practices that took place during this time. In this
context, due to the opportunity to work with a younger age group, it has been decided to use TIMSS
items as a data collection tool in this study.

Conceptual framework about TIMSS mathematics cognitive area skills and mathematics curriculum
learning areas

TIMSS stands for Trends in International Mathematics and Science Study, which is the world's
most comprehensive study project conducted every four years at the international level, as noted
above, focusing on the cognitive and affective characteristics of students in mathematics and science
at the fourth and eighth grade levels (Islak & Altintas, 2022). It aims to measure not only basic
mathematical concepts and computational skills, but also problem-solving and reasoning skills based
on routine or non-routine problems in mathematics (Karaca, 2018; Yildirim, Yildirim, & Ceylan, 2017).
According to Kilig, Aslan-Tutak, and Ertas (2014), TIMSS is an exam that aims to measure not only
subject knowledge, but also cognitive skills. So, the items in the TIMSS math subtest are prepared
according to cognitive levels related to knowing, applying, and reasoning (Mullis, Martin, Ruddock,
O'Sullivan, & Preuschoff, 2009).
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According to the report published by the Ministry of National Education (MEB, 2020), TIMSS
mathematics cognitive domains include the ability to express a problem situation mathematically using

graphs and symbols, to propose claims for a strategy to be used in problem-solving by modeling

problem situations, and to utilize tools such as ruler and calculator. Each learning area consists of

Sayfa | 954 questions designed for each of the three cognitive domains. The distribution of questions follows a
pattern of 40% for knowing, 40% for applying, and 20% for reasoning (Mullis & Martin, 2017). The
knowing level encompasses the knowledge, concepts, and processes that students are expected to

possess. The applying level involves the application of acquired knowledge in appropriate contexts.

The highest level, reasoning, entails the logical thinking processes students engage in for non-routine

problem situations (MEB, 2020).TIMSS mathematics subtest consists of the following content areas

that form the cognitive domains:

for the knowing domain, it includes recall,

recognition/discrimination, classification/ordering, computation, retrieving/reading information, and

measurement; for the

applying domain, it

includes identification/decision making,

presentation/modeling, and application; and for the reasoning domain, it includes analysis, synthesis,

evaluation, inference, generalization, and verification (MEB, 2020). Detailed information is presented

in Table 1 below.

Table 1.

Content areas forming the cognitive domains in the TIMSS mathematics subtest (MEB, 2020)
Cognative  Subject Fields Content
Domain

Recall Remembering definitions, terminology, number properties,
units of measurement, geometric properties, and formulas
(e.g., axb=ab, a+a+a=3a).

Recognition/Discrimination Distinguishing numbers, expressions, quantities, and shapes,
distinguishing mathematically equivalent entities (e.g.,
equivalent fractions, decimal numbers and percentages,

Knowing different positions of simple geometric shapes).

Classification/Ordering Classifying numbers, expressions, quantities, and shapes
based on their common characteristics.

Computation Using algorithmic methods for addition, subtraction,
multiplication, and division, as well as their combinations
with natural numbers, fractions, decimal numbers, and
integers. Applying basic algebraic processes.

Retrieving/Reading Information  Understanding information from graphs, tables, texts, and
other sources.

Measurement Using measurement tools and selecting appropriate units of
measurement.

Determination/Decision Determining effective/appropriate operations, strategies,

Making and tools for solving common problem-solving methods.

Presentation/Modeling Representing data with tables or graphs, creating diagrams

Applying for equations, inequalities, geometric shapes, and problem
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situations, and generating equivalent representations of
mathematical relationships.

Application Applying strategies to solve problems that involve
mathematical concepts and procedures.

Analysis Determining, defining, and utilizing the relationships

Sayfa | 955 between numbers, expressions, quantities, and shapes.

Synthesis Making connections between information, relevant
representations, and different elements of procedures to
solve problems.

Reasoning  Evaluation Evaluating alternative problem-solving strategies and

solutions.

Drawing Conclusions Making valid inferences based on information and evidence.

Generalization Establishing statements that demonstrate relationships in
more general and broad applicable conditions.

Verification Presenting mathematical claims to support a strategy or a
solution.

In this context, TIMSS has indicated that 40% of the items in the mathematics subtests for the
fourth-grade level are at the knowing level, 40% are at the applying level, and 20% are at the reasoning
level (MEB, 2020). Additionally, 50% of the items in the related tests are from the number learning
area (25% natural numbers - 15% expressions, simple equations, and relationships - 10% fractions and
decimal representations), 30% are from the measurement and geometry learning area (15% geometry
- 15% measurement), and 20% are from the data learning area (15% data reading, interpretation, and
representation - 5% using data to solve problems) (MEB, 2020).

Turkey first participated in TIMSS in 1999. Table 2 below presents information on which grade
levels Turkey participated in TIMSS in which years.

Table 2.
Years Turkey Participated in TIMSS (MEB, TIMSS 2019 Turkey Report, 2020)
TIMSS application years Grade Levels Attended
fourth grade level eighth grade level
1995
1999 v
2003
2007 v
2011 v v
2015 v v
2019 ‘/(fifth grade) v

As can be seen from the table above (Table 2), Turkey participated in TIMSS at both grade
levels in the last three application. However, for the 2019 application, the Ministry of Education (MEB)
decided that due to age averages and compatibility with the framework of the exam, it was more
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appropriate for TIMSS to be applied to fifth and eighth grades for Turkey instead of fourth and eighth
grades . Therefore, Turkey participated in the TIMSS 2019 administration with fifth and eighth grade
levels. Because the Ministry of National Education (MEB, 2020) has decided that it is more appropriate
to apply TIMSS in 5th and 8th grades instead of 4th and 8th grades in terms of both average age and
compliance with the framework of the exam.

There are various studies in the literature that focus on TIMSS mathematics cognitive domain
skills and levels. For instance, Giindiiz and Cakan (2020) examined the learning outcomes in the middle
school mathematics curriculum based on TIMSS cognitive domain skills, considering both grade levels
and learning outcomes. The findings revealed that the cognitive levels of the learning outcomes varied
across grades, with the highest proportion of knowing level outcomes observed in the 5th grade. Delil,
Ozcan, and Islak (2020) examined the learning outcomes in the primary school mathematics curriculum
from the year 2018, based on TIMSS 2019 cognitive domain skills, considering grade levels and learning
domains. According to the results, out of a total of 229 learning outcomes across all grade levels, 58%
were at the knowing level, 32% were at the applying level, and 10% were at the reasoning level.
However, when comparing the distribution of cognitive levels in the TIMSS mathematics items, there
was inconsistency as the learning outcomes in the 4th-grade mathematics curriculum comprised 53%
knowing, 34% applying, and 13% reasoning level outcomes. In addition to studies comparing
mathematics curriculum with TIMSS cognitive domain skills, there are also studies that analyze exam
questions from teacher-made tests or large-scale national exams in the context of TIMSS cognitive
domain skills. For example, Tastekinoglu and Aydin (2014) aimed to compare the cognitive level
distributions of teacher-made mathematics exam questions at the 4th-grade level with the
mathematics curriculum and TIMSS 2011 questions. Their study found that the cognitive level
distributions of the TIMSS questions were not consistent with the cognitive level distributions of the
teacher-made mathematics exam questions. Specifically, while 40% of the TIMSS 2011 exam questions
were at the knowing level, 40% were at the applying level, and 20% were at the reasoning level, the
teacher-made test questions included in the study were observed to be 67% at the knowing level, 18%
at the applying level, and 15% at the reasoning level. Yolcu, Tetik, and Delil (2015), in their study,
examined the mathematics questions from the central measurement and evaluation exams
administered by the Ministry of National Education (MEB) between 1998 and 2015 based on the TIMSS
2015 cognitive level categories. The results of their study indicated that in the central measurement
and evaluation exams administered by the MEB for 8th-grade students between 1998 and 2015, the
highest number of questions were at the applying level, followed by knowing and reasoning levels.
However, it was noted that there was no example of a reasoning level question in 2008. Based on these
findings, it can be observed that both the teacher-made mathematics tests and the large-scale tests
administered by the MEB had question distributions in the mathematics subtests that were
inconsistent with the cognitive level distributions specified by TIMSS. This inconsistency can be
interpreted as a possible reason for the low achievement of our students in TIMSS.

Interesting results have also been obtained in comparative studies conducted among
countries. For example, in the TIMSS 2011 implementation, Singapore achieved the highest
performance in mathematics at the fourth-grade level, while Yemen exhibited the lowest
performance. It was determined that both countries shared the highest achievement in the domain of
number learning (Blyukoztirk, Cakan, Tan, & Atar, 2014). Similarly, according to the TIMSS 2015
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results, fourth-grade Turkish students showed the highest average performance in the domain of
numbers (Yildinnm, Ozgirliik, Parlak, Génen, & Polat, 2016). However, in the TIMSS 2019 data, this
pattern showed some variability. According to the 2019 data, Turkish students at the fourth-grade
level were more successful in the domains of measurement and geometry, as well as in numbers,
compared to the domain of data (MEB, 2020).

When comparing cognitive level performances, it has been observed that Turkish fourth-grade
students obtained the highest average score at the knowing level, followed by the applying level, and
finally the reasoning level in the TIMSS 2011 and 2015 mathematics subtests (Blylkoztirk, Cakan, Tan,
& Atar, 2014; Yildirnim, Ozgiirliik, Parlak, Génen, & Polat, 2016). On the other hand, Yemeni students,
who demonstrated the lowest mathematics achievement in TIMSS 2011, showed higher performance
in the reasoning level for all three learning areas (Blyukoztirk, Cakan, Tan, & Atar, 2014). In the TIMSS
2019 implementation, fifth-grade Turkish students exhibited a higher average performance in the
applying level items compared to others (MEB, 2020). Shanmugam (2015) compared the scores
obtained by eighth-grade students in the TIMSS 2011 mathematics subtest in Indonesia, Malaysia,
Singapore, and Thailand based on the cognitive levels of the items. The study found that the majority
of students in Indonesia and Thailand performed better in items requiring higher-level thinking
(reasoning level) compared to items requiring lower-level thinking (knowing and applying levels).

Studies that examine gender, cognitive domains, and learning domains together have reached
different results. For example, in the Turkish data of the TIMSS 2011, it was found that male students
were more successful in the numbers learning area, while female students were more successful in
the geometric shapes and measurement, and data representation areas (Bliyukoztiirk, Cakan, Tan, &
Atar, 2014). When the same data were examined based on cognitive levels, it was found that female
students were more successful at the knowing and reasoning levels, while male students were more
successful at the applying level (Buyikoztirk, Cakan, Tan, & Atar, 2014). Additionally, according to the
TIMSS 2015 and 2019 results, Turkish fourth-grade students did not show a significant difference in
total scores based on gender (MEB, 2020; Yildirim, Ozgiirlik, Parlak, Génen, & Polat, 2016). However,
in a study by Dindyal (2008) on TIMSS 2003 data from eighth-grade students in Chinese Taipei, Hong
Kong-SAR, Indonesia, Japan, Republic of Korea, Malaysia, Singapore, and the Philippines, it was noted
that females exhibited higher performance in mathematics.

Importance of the study

For many years, TIMSS, which has been conducted in very large samples, has naturally been
the subject of various research studies. In this section, brief mention is made of some of the research
studies focused on the mathematics subtest. For example, when the international literature is
examined, it is observed that studies have been conducted to examine the relationship between
academic achievement in school mathematics and achievement in the TIMSS mathematics subtest
(Wiberg, 2019) and the factors that affect students' achievement in the TIMSS mathematics subtest
(Dodeen, Abdelfattah, Shumrani, & Hilal, 2012). Additionally, there are studies that investigate the
gender factor in TIMSS mathematics subtest achievement (Cheng & Seng, 2001) and whether the
mathematics curricula implemented in countries are compatible with the content of the TIMSS
Ozyildirim Giimis, F. ve Atilgan, O. (2023). The reflection of TIMSS mathematics subtest performance in a
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mathematics subtest and students' achievement in TIMSS (Anamuah-Mensah & Mereku, 2005; Kuiper,
Bos, & Plomp, 1999).

When examining the researches conducted on the TIMSS mathematics subtest in our country,
studies examining the compatibility of examples in math textbooks or the achievements in math
curricula with the learning areas and cognitive levels in TIMSS mathematics tests are among the leading
studies (Delil, Ozcan, & Islak, 2020; Giindiiz & Cakan, 2020; Giiner, 2015; incikabi, Mercimek, Ayanoglu,
Aliustaoglu, & Tekin, 2016; Kilig, Aslan Tutak, & Ertas, 2014; Taspinar-Sener & Bulut, 2022; Toptas,
Elkatmis, & Karaca, 2012). In addition, studies comparing math exam questions (Tastekinoglu & Aydin,
2014) or questions in the math subtests of large-scale national exams with questions in the TIMSS
mathematics test (Yolcu Tetik & Delil, 2015) are also among these studies. In addition, there are studies
in the literature that compare Turkish students' scores on the TIMSS mathematics test with those of
students from other countries (Abazoglu, Yatagan, Yildizhan, Arifoglu, & Umurhan, 2015) and examine
the factors that affect students' TIMSS mathematics achievement (Akyiiz, 2014; Ertlrk & Erding Akan,
2018; Olglioglu & Cetin, 2016; Sari, Arikan, & Yildizl, 2017). Moreover, Okudan and Yesilyurt (2021)
administered an achievement test consisting of items from the TIMSS mathematics subtests to a
sample of eighth grade students from the Erzurum region and found low academic achievement in
mathematics. However, the learning areas and cognitive level distributions of the items in the
achievement test used in that study to examine students' academic achievement did not take into
account the proportions recommended by TIMSS.

In this study, an achievement test consisting of items from TIMSS mathematics subtests was
used, and this achievement test was administered to a sample of fifth grade students (due to the fact
that the 2019 TIMSS application in our country was conducted with fifth graders instead of fourth
graders) attending a medium-sized provincial center in the Central Anatolia Region. Since TIMSS is not
administered in every school, it may not be possible to see situations related to smaller areas in such
large-scale tests. Therefore, this study provides an opportunity to examine the reflection of an
internationally conducted test in a medium-sized city using data obtained from samples selected from
schools in the location where the research is conducted. In addition to that, one of the important
factors that make this study valuable is that the proportions prescribed by TIMSS for both the learning
areas and the cognitive level distributions of the items included in the achievement test were taken
into consideration. It can be said that examining the compatibility of the information obtained by
applying a data collection tool with these characteristics in a certain location with the data obtained
at the national level also contributes to the literature. In addition, the fact that the students' math
performances were examined in terms of both cognitive level and learning area in this study increases
its importance, as no similar research has been found in the literature. Based on this, the research
question of this study is "Do the scores of fifth grade students attending state schools in a medium-
sized city center in the Central Anatolia region on an achievement test prepared from the TIMSS
mathematics subtest items differ according to the cognitive levels, learning areas, and genders of the
students?" Two sub-problems were addressed in the scope of this research problem, which are
presented below:
¢ In which learning areas and at which cognitive levels are students more successful?

* Does scores obtained from different cognitive levels and learning areas differ according to gender?
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Method

Research design

The research design adopted for this study is a quantitative research method called
correlational design, which is used to investigate relationships between multiple variables (Can, 2013).
In this study, the scores of students on a TIMSS mathematics achievement test, the learning areas and
cognitive levels of the test items, and the students' gender were examined using correlational design.

Population and sample

The population of the study consists of fifth grade students in state schools located in the
center of a medium-sized city in the Central Anatolian region. According to Karasar (2007), cluster
sampling method, which is an unbiased sampling method, is used to select clusters from the population
to conduct the study. In this context, each of the state middle schools in the related city center was
determined as a cluster, and a sufficient number of students were randomly selected from these
clusters to obtain the required sample size. In this regard, a total of 487 students participated in the
study, with 154 students in the pilot study and 333 students in the main study for the test and item
statistics of the data collection tool.

Data collection tool

In the study, multiple-choice items from the fourth grade TIMSS mathematics subtests, which
were publicly available by the Ministry of Education, were initially included in the pool to prepare the
data collection tool. It was stated that there were 20 to 25 items in each TIMSS subtest for fourth grade
students, and 36 minutes were given for each subtest (MEB, 2012). Therefore, it was aimed to have
around 20 items in the final version of the data collection tool to be used in this study, and a draft form
consisting of 30 items was prepared for the initial version of the data collection tool in line with this
aim. In order to ensure the content validity of the data collection tool, the distribution of learning areas
and items published by MEB (2020) for fifth graders in the 2019 TIMSS application was considered.
With the inclusion of cognitive levels, it was decided that 6 out of the 15 items in the numbers and
operations learning area should be at the knowing level, 6 at the applying level, and 3 at the reasoning
level. For the geometry and measurement learning area, it was considered that 3 out of the 8 items
should be at the knowing level, 3 at the applying level, and 2 at the reasoning level. Finally, it was
decided that 3 out of the 7 items selected for the data learning area should be at the knowing level, 3
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at the applying level, and 1 at the reasoning level, and the distribution of the items in terms of learning
areas, and cognitive levels in the draft form is presented in Table 3.

Table 3.

Distribution of items included in the draft form by learning areas, sub-areas and cognitive levels
Learning area Cognative Level Total

Knowing Applying Reasoning

Numbers and Operations 6 6 3 15
Geometry and Measurement 3 3 2 8
Data 3 3 1 7
Total 12 12 6 30

On the other hand, since the learning areas and cognitive levels of TIMSS items made available
by MEB are already disclosed by MEB, expert opinion was not consulted in this scope. According to
Bliylkoztirk (2012), validity is related to the ability of the items in the test to measure the intended
behavior both quantitatively and qualitatively. In this context, expert opinion was consulted on the
suitability of the draft data collection tool as a qualitative aspect and necessary arrangements were
made (Tavsancil, 2002).

A pilot study was conducted with 154 fifth grade students for the draft data collection tool that
have 30 items. According to Tavsancil (2002), it is appropriate to work with a sample size that is five
times the number of items for item analysis. In the pilot application conducted within one lesson hour
with 154 students, coding was performed by giving 1 point to each correct answer and 0 points to each
incorrect answer. After coding, item statistics were examined and items with discrimination index
below 0.30 were discarded. According to Bliylikdztlirk (2012), if an item's discrimination index is below
0.30, that item needs to be revised or removed from the data collection tool. Moreover, Hasancgelebi,
Terzi, and Kiglik (2020) emphasized that the average difficulty level of a test should be around 0.50.
Therefore, items that were found to disrupt this balance after the pilot study were excluded. The
distribution of the items considered suitable for inclusion in the final data collection tool, based on the
pilot study's item analysis, according to the learning areas and cognitive levels, is presented in Table 4.

Table 4.

Distribution of items in the final version of the data collection tool
Learning area Cognative Level Total

Knowing Applying Reasoning

Numbers 4 4 2 10
Geometry and Measurement 2 2 1 5
Data 1 2 1 4
Total 7 8 4 19
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The total of 19 items in the final data collection tool had an average difficulty index of 0.61 and
an average discrimination index of 0.60. The KR-20 reliability coefficient of the test was calculated as
0.86. Based on these values, it was concluded that the data collection tool was valid, reliable, and
suitable for use.

sayfa | 961 Data analysis

After the pilot study, in the actual study conducted with 333 students, total scores were
obtained for each student by giving 1 point for each correct answer and 0 points for each incorrect
answer. Calculation of total scores was performed separately for each cognitive level and learning area
group.

For the first sub-problem of the study, first, the arithmetic mean of the scores obtained by the
students from the items in each learning area and cognitive level group was calculated. As there are
different numbers of items in each learning area and cognitive level group, the maximum possible
scores also differ. This situation prevents a healthy comparison. Therefore, the total scores obtained
from each learning area and cognitive level group were transformed so that they are equal to a
maximum of 100, making the averages comparable.

The normality of the scores obtained by the students from each cognitive level and learning
area was examined for the second sub-problem of the research. In this context, the Shapiro-Wilk W
Test was used for normality analyses, and the corresponding values are presented in Table 5.

Table 5.
Results of normality analysis for scores in learning areas and cognitive levels
Learning area Cognative Level df sd skewness kurtosis p
Knowing 32.73 -0.45 -0.91 0.00
Numbers and Applying 333 32.28 -0.51 -0.87 0.00
Operations Reasoning 36.80 -0.78 -0.74 0.00
Knowing 35.96 0.40 -0.99 0.00
Geometry and Applying 333 30.67 -0.14 -0.50 0.00
Measurement
Reasoning 39.46 -1.56 0.46 0.00
Knowing 49.79 0.21 -1.96 0.00
Data Applying 333 34.61 -0.78 -0.59 0.00
Reasoning 32.20 -2.39 3.74 0.00

When the values in Table 5 are examined, although some of the total scores obtained for each
learning area and cognitive level group have acceptable skewness and kurtosis values, it is clear that
all of the obtained total scores do not follow a normal distribution (p=0.00<0.05). Since the scores do
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not show a normal distribution, Mann-Whitney U Test was used for the comparison of means
according to gender variable for the second sub-problem of the research (Can, 2013).

Findings

In which learning areas and cognitive levels are students more successful?

The data collection tool used in the study includes a total of 10 items in the numbers and
operations learning area, with 4 items at the knowing level, 4 items at the applying level, and 2 items
at the reasoning level. There is a total of 5 items in the geometry learning area, with 2 items at the
knowing level, 2 items at the applying level, and 1 item at the reasoning level. Finally, there is a total
of 4 items in the data processing learning area, with 1 item at the knowing level, 2 items at the applying
level, and 1 item at the reasoning level. Since the number of items in each learning area and cognitive
level is different, the averages for each level were first converted into a hundred-point system in order
to compare the possible scores. Descriptive statistics obtained after the conversion are presented in
Table 6.

Table 6.
Descriptive statistics of scores for learning areas and cognitive levels
Learning area n X Median Cognative Level X Median
Knowing 62.53 75
Numbers and operations 333 34.04 36.84 Applying 64.18 75
Reasoning 69.97 100
Knowing 37.68 50
Geometry and 333 5519 60 Applying 59.90 50
Measurement .
Reasoning 80.78 100
Knowing 44.74 0
Dat 333 68.78 75 Applying 71.02 100
ata
Reasoning 88.28 100

As seen in Table 6, the average scores increase as the cognitive level of the items in each
learning area increases. In other words, students have a lower average score in the most basic cognitive
level, which is the knowing level, and a higher average score in the next cognitive level, which is the
applying level, compared to the knowing level items. Similarly, students have a lower average score in
the applying level items that are at a lower cognitive level than the reasoning level items.
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However, as stated in the data analysis section, the scores obtained by cognitive level and
learning area do not show a normal distribution. In such cases, it is suggested that the median is more
appropriate than the arithmetic mean for comparing success (Sevgi & Caglikose, 2020). From this
perspective, when data were evaluated according to learning areas, students showed the highest

Sayfa | 963 performance in data, followed by geometry and measurement learning areas. The lowest achievement
was observed in the numbers and operations learning area. When performance was examined by
cognitive level along with learning areas, it was observed that students' achievement in the knowledge
and applying levels in the numbers and operations learning area was lower than their achievement at
the reasoning level. A similar situation is valid for the geometry learning area. As for the data
processing learning area, the lowest achievement was observed at the knowing level, while a higher
and equal achievement was observed at the application and reasoning levels.

Does scores obtained from different cognitive levels and learning areas show differences according
to gender?

In order to compare the relevant data, Mann-Whitney U test was performed to see if there is
a difference by gender. The results of the analysis are presented in Table 7.

Table 7.
Results of comparison of students' scores by gender
Learning area Cognative Level Gender n X sd p
Knowing F 165 63.03 32.38 0.81
M 168 62.05 33.16
Numbers and Applying F 165  61.06  30.90 0.03*
operations M 168 67.26 33.39
) F 165 69.09 37.23
Reasoning M 168  70.83  36.46 0.67
) F 165 30.90 33.34
Knowing M 168 4434  37.28 0.00%
) F 165 56.36 29.81
&Z‘;Tuert;zqaezf Applying M 168 6339  31.18 0.03%
) F 165 83.63 37.10
Reasoning M 168  77.97 4156 0.19
) F 165 44.24 49.81
Knowing M 168 4523  49.92 0.85
Data Applying F 165 71.81 33.26 0.84
M 168 70.23 35.97
Reasoning F 165 91.51 27.95 0.07
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M 168 85.11 35.69
* p<.05

The values in Table 7 show that there are significant differences between male and female
students in the scores of the applying level of the numbers and operations learning area (p=0.03<0.05),
the knowing level of the geometry learning area (p=0.00<0.05), and the applying level of the geometry
learning area (p=0.03<0.05). In this context, it was observed that male students were more successful
than female students in the three score groups where significant differences were observed. However,
no significant differences were found between male and female students in the scores of other
learning areas and cognitive level groups.

Sayfa | 964

Discussion, Conclusion, and Suggestions

When the data obtained within the framework of the first sub-problem is examined on a
learning area basis, it can be stated that the students performed the best in the data, followed by
geometry and measurement learning areas. The lowest success was observed in the number and
operations learning area. This finding is similar to the TIMSS 2011 results for Turkey but does not match
the TIMSS 2015 findings. When the TIMSS 2011 reports are examined, it can be seen that the highest
value of the fourth-grade Turkish students' mathematics subtest achievement averages is in the data
learning area with an average of 478, followed by the numbers and operations learning area with an
average of 477, and the lowest average of 447 is in the geometry and measurement learning area
(BUyukoztirk, Cakan, Tan, & Atar, 2014). In other words, according to the TIMSS 2011 reports, fourth
grade Turkish students have the highest and very close averages in the data learning area and numbers
and operations learning area. On the other hand, the results obtained from this study contradict the
situation of students in Singapore and Yemen under TIMSS 2011. In the TIMSS 2011 exam, it was
observed that students in Singapore, who showed the highest achievement in mathematics at the
fourth-grade level, had the highest achievement in the numbers and operations learning area, while
students in Yemen, who showed the lowest achievement, had the highest achievement in the numbers
and operations learning area. (Bliylikoztiirk, Cakan, Tan, & Atar, 2014). However, this result also
contradicts the results of the TIMSS 2015 exam. According to the TIMSS 2015 results, fourth grade
Turkish students, who had an average score of 489 in the numbers field, 475 in the geometry learning
field, and 476 in the data representation learning field, showed the highest average in the numbers
and operations learning area (Yildirim, Ozgiirliik, Parlak, Gonen, & Polat, 2016). In the TIMSS 2019 data,
this situation has shown some variability. According to the 2019 data, Turkish students at the fourth-
grade level scored 525 in the numbers field, 527 in the measurement and geometry field, and 510 in
the data field, thus being more successful in the measurement and geometry field and the numbers
field than in the data field (MEB, 2020).
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According to the data obtained, when learning areas and cognitive levels were evaluated
together, students showed the highest performance at the highest cognitive level, which is reasoning
level, in all three learning areas. There are both similar and opposite results in the literature for this
finding. For example, according to TIMSS 2011 and 2015 reports, Turkish fourth grade students
received the highest average scores for the knowing level, followed by the applying level, and finally
the reasoning level for the items in the math subtest (BlyUlkoztirk, Cakan, Tan, & Atar, 2014; Yildirim,
Ozgiirliik, Parlak, Gonen, & Polat, 2016). On the other hand, for Yemen, which showed the lowest math
achievement in TIMSS 2011, the situation is different, and Yemeni students have shown more success
at the reasoning level in all three learning areas (Bliylikoztirk, Cakan, Tan, & Atar, 2014). The results
obtained in this study are similar to the situation in Yemen. In the TIMSS 2019 application, fifth grade
Turkish students showed a higher average in items requiring applying level compared to others, with
514 points in the knowing level, 531 points in the applying level, and 509 points in the reasoning level
(MEB, 2020). Shanmugam (2015) compared the scores obtained based on the cognitive levels of items
in the TIMSS 2011 mathematics subtest in four Southeast Asian countries (Indonesia, Malaysia,
Singapore, and Thailand) and stated that items at the knowing and applying levels require lower-order
thinking skills (LOTS) while items at the reasoning level require higher-order thinking skills (HOTS) in
his study conducted with data from eighth grade students. The findings from his study indicate that
the majority of students in Indonesia and Thailand showed a higher performance in HOTS items than
in LOTS items. In Malaysia, students generally showed higher performance in LOTS items. On the other
hand, in Singapore, students in the bottom 25% performed better in HOTS items, while others
performed better in LOTS items.

In addition, within the scope of this study, it was concluded that students' achievement levels
in the knowing level for all three learning areas were lower, compared to other levels. The fact that
students showed the lowest achievement in the knowing level is similar to the findings of Kilig, Aslan-
Tutak, and Ertas (2014). Researchers who examined the eighth grade TIMSS mathematics subtest for
2011 stated that Turkish students showed their lowest achievement in the items related to the
knowing level of seventh grade objectives. Furthermore, when the data obtained within this study is
evaluated according to the learning area, it is observed that students' achievements at the knowing
and applying levels in the numbers and operations domain are lower than their achievements at the
reasoning level. While this finding is similar to the findings obtained by Kilic, Aslan-Tutak, and Ertas
(2014) for the numbers and operations learning area in some respects, it differs in some other respects.
They stated that out of the math items with low mean scores, 8 were at the knowing level, 3 were at
the applying level, and 3 were at the reasoning level. In this context, in the study, students showed the
lowest average at the knowing level in the numbers and operations learning area, while they showed
slightly higher averages at the applying and reasoning levels. Having the lowest average at the knowing
level and a high average at the reasoning level in terms of achievement shows similarity between both
studies, while the success at the applying level differs between the two studies.
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According to the findings obtained for the second sub-problem of the study, male students
have significantly higher averages than female students in the applying level of the numbers and
operations learning area and in the knowing and applying levels of the geometry and measurement
learning area. This result overlaps with some of the findings in the literature, while differing from

Sayfa | 966 others. For example, in the Turkey data of the TIMSS 2011 application, it was found that male students
had higher averages than female students in the numbers and operations learning area, while female
students were more successful than male students in other areas such as geometry and
measurements, and data (Buyukoztirk, Cakan, Tan, & Atar, 2014). When the same data was examined
in terms of cognitive levels, it was found that female students were more successful than male students
at the knowing and reasoning levels, while male students were more successful at the applying level
(Buyukozturk, Cakan, Tan, & Atar, 2014). However, according to both TIMSS 2015 and TIMSS 2019
results, although the difference in total score at the fourth-grade level is not statistically significant,
male students have exhibited a higher mathematics performance than female students (MEB, 2020;
Yildirim, Ozgiirliik, Parlak, Génen, & Polat, 2016). This situation contradicts the findings of Dindyal
(2008). Dindyal (2008) examined the mathematics performance of eighth grade students by gender in
eight countries (Chinese Taipei, Hong Kong SAR, Indonesia, Japan, Republic of Korea, Malaysia,
Singapore, and the Philippines) in the TIMSS 2003 application and stated that the mathematics
performance of the eight countries in the study reflected the international average by gender (except
Japan and Republic of Korea), and that girls performed better.

In conclusion, the findings obtained in this study, as well as those in the literature, show both
parallel and opposite results. The reasons for this difference may be many factors, such as the culture,
socioeconomic level of the region where the data was collected, students' affective characteristics
towards mathematics, and teachers' approaches to the curriculum. Being able to describe the
performance displayed by students in a small location in a success test prepared by compiling items
from the math subtest of international exams such as TIMSS is important in terms of being able to see
the reflection of the situation at the national and international level. Therefore, studies to be
conducted with data collected in different locations, such as this study, can make it possible to make
comparisons over a wider range. Because it is known that the results obtained from international
exams such as TIMSS affect educational policies (Aydin, 2017; MEB, 2016). In addition, given the low
performance of students in the knowledge-level items of all learning areas in this study, it is
recommended that the content related to knowing level be enriched in both textbooks and in-class
applications.
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