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Abstract — The aim of this study is to examine the classification of students in accordance with different attributes
on the basis of mathematics test data in TIMSS 2015 Turkey sample. For this purpose, DINA and DINO models
were used from Cognitive Diagnosis Models. Four different Q-Matrices were determined as the levels of the
content domain (numbers, data display, geometric shapes and measures), the levels of the cognitive domain
(knowing, applying, reasoning), the levels of both the content and the cognitive domain, and the levels obtained
through Principal Components Analysis as the attributes dimension in the Q-Matrix in which matching of attribute
and item is carried out. The accuracy and consistency of the classifications acquired with these four different Q-
Matrices were examined as an evaluation criterion for which classification was performed better. The study group
of the research consists of 463 fourth-grade students who have taken the first booklet within TIMSS 2015 Turkey
sample. The data used in the study were obtained from 23 items selected from 25 items in the TIMSS 2015 4th
grade mathematics booklet-1. According to the findings of the research, the Q-Matrix in which content domain
levels are used as the attribute dimension, is the matrix that classified the students best. In conclusion, the
classification was made by using this matrix according to the DINA Model that conducts the best classification

within the scope of the research and its results were discussed.
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Analysis (PCA), Cognitive Diagnosis Models (CDM)
*This paper was presented at the 6th International Congress on Measurement and Evaluation in Education and

Psychology, as oral presentation.


http://orcid.org/XXXX-XXXX-XXXX-XXXX
http://orcid.org/XXXX-XXXX-XXXX-XXXX

Giindiiz, T. & Cakan, M. 1041

Introduction

Mathematics education, one of the most crucial building blocks of basic education, takes
on a function beyond teaching operations and providing calculation skills and provides
important support in terms of establishing connection with events, reasoning, and problem
solving (Umay, 2003). As understood from this point of view, mathematics education has at
least two dimensions like many other disciplines. Therefore, it is inevitable that these
dimensions are taken into consideration while measuring mathematics achievement.
Determining to what extent the objects of mathematics lesson have been achieved and whether
students have improved in terms of mathematical knowledge and skills depends on the
assessment and evaluation of student achievement with correct methods (Yildiz and Uyanik,
2004).

Accurate assessment of mathematical knowledge and skills supports students to learn
mathematics , presents information on the developments in the field of mathematics education
at national level, and provides the evaluation of the mathematics program (IEA-International
Association for the Evaluation of Educational Assessment, 2011). As in many disciplines,
assessment and evaluation applications at national level in the field of mathematics education
offer a crucial source of information about education in a given country. However, international
applications are also required to better evaluate the developments in education. Participation in
international evaluation applications that include many countries is necessary in order to
determine the current state of the education system in our country, to understand whether the
students are trained in accordance with the needs of the information society, to improve the
existing education system, and to compare with the education systems of other countries TIMSS
(Trends in International Mathematics and Science Study), PISA (Program for International
Student Assessment), and PIRLS (Progress in International Reading Literacy Study) can be

given as examples of such applications.

The general object of TIMSS, which is the longest and most widely used comparative education
study in mathematics and science, is to assess the versatile knowledge and skills of students
(Mullis, Martin, Ruddock, O'Sullivan and Preuschoff, 2009). Information is collected about the
performance of students in science and mathematics, the education systems of the countries,
the education programs, the characteristics of students, teachers and schools in line with this

purpose.
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The international mathematics competence levels are defined by the IEA as advanced, upper

level, intermediate level, and low level based on the mathematics achievement test scores of

the students participating in the TIMSS study at the 4th grade level. General information on

these levels of competence is given in Table 1 (Mullis, Martin, Foy and Arora, 2012).

Tablel. TIMSS International Benchmarks of Mathematics Achievement for 4th grade.

Advanced (625):

Students can apply their understanding and knowledge in a variety of relatively
complex situations and explain their reasoning. They can solve a variety of multi-
step word problems involving whole numbers, including proportions. Students at
this level show an increasing understanding of fractions and decimals. Students
can apply geometric knowledge of a range of two- and three-dimensional shapes
in a variety of situations. They can draw a conclusion from data in a table and
justify their conclusion.

High (550-625):

Students can apply their knowledge and understanding to solve problems.
Students can solve word problems involving operations with whole numbers.
They can use division in a variety of problem situations. They can use their
understanding of place value to solve problems. Students can extend patterns to
find a later specified term. Students demonstrate understanding of line symmetry
and geometric properties. Students can interpret and use data in tables and graphs
to solve problems. They can use information in pictographs and tally charts to
complete bar graphs.

Intermediate
(475-550):

Students can apply basic mathematical knowledge in straightforward situations.
Students at this level demonstrate an understanding of whole numbers and some
understanding of fractions. Students can visualize three-dimensional shapes from
two-dimensional representations. They can interpret bar graphs, pictographs, and
tables to solve simple problems.

Low (400-475):

Students have some basic mathematical knowledge. Students can add and
subtract whole numbers. They have some recognition of parallel and
perpendicular lines, familiar geometric shapes, and coordinate maps. They can
read and complete simple bar graphs and tables.

It is understood from Table 1 that the levels are determined by increasing the knowledge

and skills from each field in each level increase in relation to the determined levels of

competence. For instance, while the competence written in the field of geometry at the low

level is "They have some recognition of parallel and perpendicular lines, familiar geometric shapes,

and coordinate maps", at the intermediate level, it is "Students can visualize three-dimensional

shapes from two-dimensional representations”. While competence at the high level is " Students

demonstrate understanding of line symmetry and geometric properties ", at the advanced level,

it is "Students can apply geometric knowledge of a range of two- and three-dimensional shapes in a

variety of situations”. In other words, it assumes that each student has similar levels of

competence in each field in determining these levels. On the other hand, student profiles for

those who are competent in one field but less competent in another field are not included among
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these levels. In other words, a student who is competent in algebra but less competent in
geometry and shapes, and two students who are competent in geometry and shapes but less

competent in algebra and take 500 are considered at the same level.

Assessment and evaluation, as elements of the education system, are required to reveal
students' inadequacies and their reasons (Baykul, 1992). In order to increase achievement,
firstly, individual inadequacies of students are required to be determined and precautions should
be taken in this direction. According to the Learning for Mastery Model of Bloom (1968), which
had a great influence, the main task in education is to find strategies that take individual
differences into account in a way that promotes the individual's mastery learning
(development). The type of evaluation that takes into account individual differences is the

formative evaluation.

The total score obtained from the formative tests used with the purpose of formative
evaluation has almost no meaning for this type of evaluation. Each student should be given
information showing the patterns of his/her responses to the items and the mistakes he/she
made. Because, this evaluation is carried out to provide information to the teacher and the
student about the effectiveness of teaching in this way. Thus, it is possible to adjust the
teaching according to the learning speed and learning strength of the students (Tekin, 2007,
p.26).

Psychometric approaches such as Classical Test Theory (CTT) and Item Response
Theory (IRT) generally focus on scaling or ranking individuals in accordance with some latent
characteristics (Rupp, Templin, and Henson 2010). However, they cannot make a multivariate
classification about individuals based on the presence or absence of more than one skill or
attribute on an item basis. Modern assessment methods enable this and focus on cognitive skills
diagnosis that can provide feedback on the strengths and weaknesses of specific learning goals
(Rupp and Templin, 2008). This allows more informative feedback on student skill sets and
enables more effective response strategies to be designed (Rupp et al., 2010).

Cognitive Diagnostic Models

Through the evaluations made under Cognitive Diagnosis Models (CDMs), which is one
of the modern assessment theories, an individual’s detailed information about the
knowledge/skills of the students in a learning domain can be obtained, and the efficiency of

feedback element of the education system can be provided. For example, a student needs to
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know the addition, multiplication, division, and operation priority to answer (3+2x6)+3
correctly. In this item, it is aimed to assess four characteristics: addition, multiplication,
division, and operation priority. Concluding that a student who answers "10" to this question
can perform addition, multiplication and division operations, but is inadequate in operation
priority can provide diagnostic information in profiling the student in the context of the relevant
attributes. Since CDMs have a purpose to identify students' strengths and weaknesses in a
particular content domain or cognitive domain, they may include determining the best
application strategy for the student through classroom applications (Rupp et al., 2010). It is
understood that the student who made a mistake in this example is sufficient in the four
operations skills, but needs to improve operation priority and the necessary precautions should
be taken in this direction. The relevance of a test with Cognitive Diagnostic Models is to
estimate student profiles rather than providing a general ability estimate. Separate attribute

profiles designed for individual participants are presented in the reporting of CDM.

CDM is an estimate of the probability of a direct participant meeting the criteria for a
given diagnosis. (Leighton and Gierl, 2007). In other words, CDM provides statistical
classification of participants according to one or more diagnostic criteria. Based on the example
given above, it is assumed that the number of attributes is three (Addition and Subtraction,
Multiplication and Division, Operation Priority). For these three characteristics determined
here, a total of eight (If k is the number of characteristics, the number of latent classes that can
occur:2X) classes will be formed. These are (000)(001)(010)(100)(110)(011)(101)(111). The
student in the example above can be considered to be in the (110) class. Classifications for
CDM are based on observed responses collected by diagnostic evaluation.

Classification in CDMs can be carried out according to whether the latent predictor
variable and observed response variables have two or multiple categories. In addition to this
classification, there are two types of models in CDMs: compensatory and non-compensatory
models. The main difference between compensatory and non-compensatory models is in
determining how latent predictive variables are combined between different attributes in
providing the observed response (Rupp and Templin, 2008). While the deficiency of one
attribute can be fulfilled by the remaining attributes in compensatory models, each attribute is
required for the correct answer in the non-compensatory model. In other words, the missing
attribute in compensatory models can be fulfilled by another attribute, whereas the missing

attribute cannot be fulfilled by any other attribute in non-compensating models. Among the
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non-compensatory and compensatory models, the most basic models frequently used in the
literature are DINA (Deterministic inputs, noisy 'and’ gate) (Junker and Sijtsma, 2001) and
DINO (Deterministic inputs, noisy ‘or' gate) (Templin and Henson, 2006) models.

The common characteristics of all models of CDM is that the Q-matrix must be
determined. Q-matrix is also called "item characteristic matrix"and/or "characteristic matrix"
in the literature (Ma, 2014; Tatsuoka, 1984). In the Q-matrix, the item and the attribute or
attributes required to answer the items correctly are associated. This matrix is two-dimensional,
with items in a row and attributes in a separate column. For the attributes required to solve an
item to the relevant section, "1" is written and "0" is written for unnecessary attributes. Table 2

contains an example Q-matrix.

Table 2. An Example Q-Matrix

Attribute 1 Attribute 2 Attribute 3
Item 1 0 1 0
Item 2 1 0 1
Item 3 0 1 1
Item 4 1 1 1

In the Q-matrix prepared for four items and three attributes in Table 2, Item 1 is associated
with only Attribute 2 and Item 4 is associated with all three attributes.

Although the Q-matrix consisting of 0-1 elements appears to have a simple structure, it
has a crucial place for CDM since an error in determining the Q-matrix can completely and
adversely affect the analysis. Different approaches can be used in the development of the Q-
matrix. The most commonly used approach is the development of the Q-matrix in accordance
with expert decision. For this reason, structuring the Q-matrix can be seen as the process with
the most effort in CDMs. The process requires that items and attributes continue in an

interactive manner, cyclically until the desired result is reached.

In determining the Q-matrix, expert opinions in the relevant discipline are typically used.
Q-matrix is one of the most crucial concepts of CDM and determining the Q-matrix correctly
and completely can affect the whole classification (Tatsuoka, 1984). Basokcu (2015) states that
there are cases in which different characteristics not defined by the Q-matrix may be sufficient
for an item to be answered correctly. This case will negatively affect the accuracy and
consistency of the classification to be made.
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In this study, it has been set out with the estimation that the Q-matrix can be better defined
by using exploratory information (factor analytical approaches) of the test items in addition to
determining the levels in different domains according to expert decisions in relation to the items
in the Q-matrix in accordance with CDM. The consistency and reliability of the classification
made in this way has been intended to be compared with the Q matrix results, which have been
formed only by considering expert opinion. By using expert decisions (from a priori item
information), Q-matrices containing the attributes of the cognitive domain, content domain and
both domains were used. Based on the data, Principal Components Analysis, one of the
exploratory factor analytical approaches suitable for dichotomous scoring, was employed.
Principal Components Analysis, generally used for the purpose of eliminating the dependency
structure between variables and/or dimension reduction, is used as an analysis on its own, as

well as as a data preparation technique for other analyses (Tathidil, 1996).

The purpose of this study is to comparatively examine the accuracy and consistency of
the classification made by determining the level of content domain, the levels of the cognitive
domain belonging to the Q-matrix attribute dimension, the levels of both domains and the levels
obtained through Principal Components Analysis under the DINA and DINO Models. In line
with these findings, another purpose of the study is to examine the model that makes the
classification relatively the best and the classification of students regarding the Q-matrix. It is
considered that this study will contribute to the theory in determining the Q-matrix, which has

a key place in CDM Evaluations, and may be important in suggesting a related method.

Answers to the following research questions have been sought in line with the purpose of
the study:

1. Based on the mathematics achievement test in TIMSS 2015 Turkey sample, which
of the four different Q-matrices formed by using DINA and DINO Models from
Cognitive Diagnostic Models is used to make a better classification in terms of

classification consistency and accuracy?

2. How are students classified in the model and Q-matrix that provides the best

classification based on the mathematics achievement test?
Method
Research Model

The purpose of the study is to compare the classification of students taking mathematics

tests in TIMSS 2015 Turkey sample in terms of different attributes in accordance with DINA
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and DINO Models and to examine how students are classified according to the classification
found relatively the best from the classifications. In line with this purpose, the study is a
descriptive study as it is aimed to examine the classification accuracy and consistency of four

different Q-matrices.

Working Group

The study group of the research consists of a total of 463 fourth grade students, 232 of
whom are girls (50.1%) and 231 of whom are boys (49.9%) who have taken the first booklet
within the scope of TIMSS 2015 Turkey sample. Before making the analysis, the data were
analysed and the missing data analysis was made. As a result of the missing data analysis, it
was understood that the missing data did not have a certain pattern and a "Median of Nearby

Points" was performed.

Data Collection Tool

Research data, TIMSS 2015 4. It has been obtained from the 25 items in the Class 1
mathematics booklet, and it has been obtained from 23 items, nine of which are short-answered

and 14 of which are multiple-choice items.

The assessment scope of the TIMSS study was organized in two dimensions: the
cognitive domain and the content dimension at the 4th level of the mathematics achievement
test. The content dimension takes the scope to be assessed, that is, mathematical subjects into
account, while the cognitive domain dimension takes the thinking processes into consideration.
At the 4th grade level, the content dimension consists of numbers, geometric shapes and
measuring, and data display. Knowing, applying and reasoning constitute the cognitive domain

dimension.

Organizing and Analysis the Data

While organizing the Q-matrices used in the study, the item information in the
international database of the IEA (2015) was used for the item attribute associations of the

predetermined three  Q-matrices  (https://timssandpirls.bc.edu/timss2015/international-
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database/). Q-matrices as "Numbers, Data Display, Geometric Shapes and Measuring" under
the content domain, "Knowing, Applying, Reasoning" under the cognitive domain, Q-matrices
in which the attributes in both domains used together are listed in Table 3, Table 4 and Table

5, respectively.

Table 3. Q-Matrix Determined According to Content Domain

Iltems Og g Oy Items Osg Og Oy Items Og Og Oy
M041004 1 0 0 M041254 0 1 O M061050 1 0 O
M041023 1 0 0 M041153 0 1 O M061167 1 0 O
M041034 1 0 0 M041132 0 1 O M061206 0O 1 O
M041087 1 0 0 M041174 0 0 1 MO61265A 0 1 O
M041124 1 0 0 M041191 O 0 1 M061265B 0 1 O
MO041302A O 1 0 M061272 1 O O M061185 0O 1 O
M041302B O 1 0 M061029 1 O O M061239 0O 0 1
M041302C O 1 0 MO61031 1 O O

as: Numbers, ay: Data Display, ag: Geometric Shapes and Measures
Table 4. Q-Matrix Determined According to Cognitive Domain

Iltems og ay O Items Og Oy Qa Items g Qy Op
M041004 1 0 0 M041254 1 O 0 MO061050 0 1 0
M041023 1 0 0 M041153 0 1 0 MO061167 1 0 0
M041034 1 0 0 M041132 1 O 0 MO061206 0 1 0
M041087 1 0 0 M041174 0 1 0 MO61265A 0 1 0
M041124 0 1 0 M041191 1 O 0 MO061265B 0 1 0
MO041302A 1 0 0 M061272 0 O 1 MO061185 0 1 0
M041302B O 0 1 M061029 0 O 1 MO061239 0 1 0
M041302C O 0 1 M061031 0 1 0

ag: Knowing, ay;: Appliying, as: Reasoning
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Table 5. Q-Matrix Determined According to Content and Cognitive Domain

ltems Items o

As A Qy Qg Ay QAp s O Gy Odg Oy Op
M041004 1 0 0 1 0 0 M041191 0 0 1 1 0 0
M041023 1 0 0 1 0 0 M061272 1 0 0 0 0 1
M041034 1 0 0 1 0 0 M061029 1 0 0 0 0 1
M041087 1 0 0 1 0 0 M061031 1 0 0 0 1 0
M041124 1 0 0 0 1 0 M061050 1 0 0 0 1 0
MO041302A O 1 0 1 0 0 M061167 1 0 0 1 0 0
M041302B O 1 0 0 0 1 M061206 0 1 0 0 1 0
M041302C 0 1 0 0 0 1 MO061265A O 1 0 0 1 0
M041254 0 1 0 1 0 0 M061265B O 1 0 0 1 0
M041153 0 1 0 0 1 0 M061185 0 1 0 0 1 0
M041132 0 1 0 1 0 0 M061239 0 0 1 0 1 0
M041174 0 0 1 0 1 0

ag: Numbers, ag: Geometric Shapes and Measures, ay: Data Display,,
ag: Knowing, ay;: Appliying, a,: Reasoning

As seen in Table 3 and Table 4, each item is associated with only one attribute. As seen
in Table 5, each item is associated with two attributes in the Q-matrix formed by the content

domain and the cognitive domain.

FACTOR 10.08.3 program, which enables analysis based on tetrachoric correlation
matrix, was used to create a Q-matrix with Principal Components Analysis. The suitability
of the data within the scope of the study for the analysis of principal components was
determined by the Kaiser-Mayer-Olkin (KMO) coefficient and the Barlett Sphericity Test.
Since the KMO coefficient of the data in PCA (Principal Components Analysis) was found
to be 0,91 and greater than 0,60 and the Barlett Sphericity test was considered significant (p
<0,01), it was decided that the test used was suitable for PCA.

For the four components in the analysis result, those with loads as 0,30 and greater than
0.30 a in the Q-matrix were determined as "1" and smaller ones as "0". Table 6 contains the

Q-matrix determined according to PCA.

Table 6. Q-Matrix Determined According to Principal Components Analysis

Items o0 oy az o, ltems o 0o, oz o4 ltems 0 Oy O3 0Oy
M041004 0 0 0 1 M041254 1 0 0 O M061050 0 1 0 O
M041023 0 0 0 1 M041153 1 0 1 O Moé61167 0O O 0 1
M041034 0 0 0 1 M041132 0 1 1 O MO061206 1 0O O O
M041087 0 1 0 O M041174 0 0 1 1 MO061265A 0 0 0 1
M041124 0 0 0 1 M041191 0 O 1 1 Mo061265B 0 1 0 O
M041302A 1 0 1 O M061272 0 0 0 1 Mo61185 0 0 1 1
M041302B 0 0 1 O M061029 1 0 0 1 M061239 0 O 0 1
M041302C 1 0 1 O M061031 0 1 0 1 M041302C 1 0 1 O

oy: First Component, a,: Second Component, a;: Third Component, a,: Fourth Component
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When Table 6 is examined, nearly 60% of the items are associated with one attribute,
while the remaining ones are associated with two attributes. The analysis of the different Q-
matrices and the students' response patterns according to the DINA and DINO models was
carried out with the CDM package (George, Robitzsch, Kiefer, GroB, and Unlii, 2016) in the R
3.0 program (R Core Team, 2015).

Findings and Comments
In this section, findings related to the research questions are presented accordingly.

1. "Based on the mathematics achievement test in TIMSS 2015 Turkey sample, which of the
four different Q-matrices formed by using DINA and DINO Models from Cognitive
Diagnostic Models is used to make a better classification in terms of classification

consistency and accuracy?"

The accuracy and consistency of the classification obtained as a result of the analysis of
the Q-matrix according to the previously known characteristics of the items (cognitive domain,
content domain and the use of both domains) and the items according to the information
obtained after the application (determining the characteristics using PCA) are presented in
Table 7.

Table 7. Classification Accuracy and Consistency Information Obtained as a Result of

Determination of Q-Matrix on the basis of Four Different Conditions

Classification Accuracy Classification Consistency
Attribute Dimension of Q-matrix DINA DINO DINA DINO
Cognitive Domain 0.916 0.916 0.858 0.858
Content Domain 0.929 0.929 0.875 0.875
Cognitive and Content Domains 0.582 0.443 0.612 0.408
Domain revealed by PCA 0.699 0.712 0.646 0.607

When Table 7 is examined, it is understood that the highest classification accuracy and
consistency are obtained from matrices created based on content domain and cognitive domain.
Another remarkable result is that the DINA and DINO models in both cases form the same
classification accuracy and consistency. The reason for this is that in both Q-matrices, only one
column in each row is determined as 1. In other words, each item assesses only one domain or

skill. This finding is a finding which supports that DINA and DINO Models are mathematically
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equal models (Frey, 2018). When it is evaluated relatively and the Q-matrix is determined
according to the content domain, it is classified under DINA and DINO Models with a higher
rate of classification accuracy and consistency than all other Q-matrix determination methods.
This is followed by the classifications made by determining the Q-matrix according to the
cognitive domain, determining the Q-matrix using the PCA, and determining the matrix
obtained by taking the cognitive and content domain together into the attribute set, respectively.
Considering the number of attributes in the determined Q-matrix, it can be said that less

consistent and accurate classification is made with Q-matrices with more attribute.

Within the scope of the study, the classification consistencies obtained from the
classifications made with Q-matrices determined under four different conditions taking the
DINA and DINO models into account are presented in Figure 1, and classification accuracies

are presented in Figure 2 comparatively.

1,000
0,900

0,858 0,875

0,800 \\
0,700 \/‘
0,600 0,607

0,500
0,400 0,408+ DINA
0,300 DINO
0,200
0,100
0,000

Cognitive Content Cognitive Domain  Principal

Domain Domain and Components

Content Domain  Analysis

Figure 1. Classification Consistency under DINA and DINO Models with Differently

Determined Q-matrices

When Figure 1 is examined, it is understood that the DINA Model makes a more
consistent classification than the DINO Model. Considering that both cognitive and content
domain characteristics are used together in the Q-matrix, where cognitive and content domains
are used together, it can be concluded that the DINO Model gives less consistent results due to
its compensatory structure (having at least one item-related characteristics in order to answer

an item correctly). On the other hand, as a result of the analysis made with the Q-matrix created
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by using Principal Components Analysis, the classification consistency gives similar values in
both models.

1,000
0,900 —0;916 \ 0,929

0,800

0,700 \ 50,712
0,600 XV—Z
0,500
0,400
0,300
0,200

0,100
0,000

0,443 —o—DINA

DINO

Cognitive Content Cognitive Domain Principal
Domain Domain and Components

Content Domain  Analysis

Figure 2. Classification Accuracy under DINA and DINO Models with Differently Determined Q-
matrices

When Figure 2 is examined, it is understood that the DINA Model makes a more accurate
classification than the DINO Model. Considering that both the cognitive and content domain
characteristics required in the solution of an item in the Q-matrix, where cognitive and content
domains are used together as in the classification consistency, it can be concluded that the DINO
Model gives results with less classification accuracy due to its compensatory structure. On the
other hand, as a result of the analysis made with the Q-matrix created by using Principal

Components Analysis, the classification accuracy gives similar values again in both models.

2. How are students classified in the model and Q-matrix that provides the best

classification based on the mathematics achievement test?

As emphasized in the first research question, it is understood that the Q-matrix is
structured based on the content domain with more accuracy and consistency compared to
other cases. M2, RMSEA and SRMSR, which are among the absolute fit indices related to
this classification made under the DINA Model, were examined and it was observed that the
model data fit was achieved (M2=335,50, df= 223, p-value=0; 0.033 with 90 % CI: [0.0255
, 0.0401]; SRMSR = 0.0617). Table 8 gives a summary of the item statistics obtained under
the DINA Model of the Q-matrix structured by content domain.
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Table 8. Summary of item characteristics for DINA model with Q-matrix of Content Domain

Item Characteristics Minimum Maximum Average Standard Deviation
p-value (item difficulty) 0.14 0.86 0.48 0.18
g parameter 0.05 0.70 0.26 0.18
S parameter 0.03 0.79 0.34 0.22

Item distinctiveness parameter
w1j=1-gj—s; 0.08 0.68 0.40 0.16
Item convenience parameter

wyj=(gj+(1-s5;))/2 0.14 0.83 0.46 0.19

The p value, which gives the item difficulty, describes the percentage of students who
correctly solved each item. While 14% of the students answered the most difficult item
correctly, 86% of the students answered the easiest item correctly. On average, 48% of the
students answered the items correctly. As can be understood from this, the test items have a
little less than medium difficulty for this group. As is known, there is a relationship between
item difficulty and item convenience parameter, and Table 6 supports this (George and
Robitzsch, 2015). The g parameter values range from 0.05 to 0.70 (ss = 0.18) and has an average
value of 0.26. The s parameter changes between 0.03 and 0.79, and its average value is 0.34.
The low level of both parameters is another indicator that the items have medium difficulty
(Zhang, 2006). Item distinctiveness parameters vary between 0.14 and 0.83 and their average
is 0.46. Although there are items with low distinctiveness, it can be argued that the overall test

is minimally distinctive based on the average distinctiveness parameter of the items.

Table 9 demonstrates the rates of students' having relevant attributes (skill distributions)

and their standard errors.

Table 9. Skill Distributions and Standard Errors for DINA Model with Q-Matrix of Content Domain

s Ag Ay
P(ak) 0.63 0.52 0.61
Standard Error 0.03 0.04 0.03

ag: Numbers, ag: Geometric Shapes and Measures, ay: Data Display

It is found that 63% of the students have a comprehensive knowledge in the "numbers"

subject field, 52% of them in "geometric shapes and measuring" subject field and 61% of them
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in the "data display" subject field. This also means that 37% of the students do not have a
comprehensive knowledge in the "numbers™ subject field; 48% of them in the "geometric

shapes and measuring" subject field and 39% of them “data display” subject field.

In Table 10, each skill class probabilities (probability of having a combination of

attributes that students have or do not have) and standard errors are given.

Table 10. Skill Class Probabilities and Standard Errors for DINA Model with Q-Matrix of
Content Domain

a4 oy o3 0y as Qg oy ag

[0.0.0] [1.0.0] [0.1.0] [0.0.] [11.0] [1.0.1] [0.11] [1.1.1]

P(ay) 0.35 0.04 0.00 0.02 0.00 0.07 0.00 0.52
Standard Error 0.03 0.01 0.01 0.01 0.01 0.02 0.01 0.04

When Table 10 is examined, it is understood that there are probability values of each class
since 23 content domains are considered. Standard errors related to class probabilities in the
classification of content domain vary between 0.01 and 0.04. The graph of the skill class
probabilities formed by the individuals within the scope of the relevant attributes is given in

Figure 1.
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Figure 3. Skill Class Probabilities for DINA Model with Q-Matrix of Content Domain
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Table 10 and Figure 3 demonstrate the distribution probabilities of different classes and
enable the analysis of attribute combinations. It is understood from the distribution of attribute
classes that most students either have all skills (P ([1,1,1]) = 0.52) or none (P ([0,0,0]) = 0.35).
In other words, while approximately half of the students have a comprehensive knowledge in
all three content domains, it is understood that 35% of the students do not have the
comprehensive knowledge in all three content domains. In addition to this, students who have
a comprehensive knowledge in the content domain of numbers and those who have a
comprehensive knowledge of the content domain of data display constitute the vast majority
with a rate like P ([1,0,1]) +P ([1,1,1]) = 0.07+0.52 = 0.59. There are no students (P [0,1,0] + P
[0,1,1] = 0.00 + 0.00 = 0.00) who have a comprehensive knowledge in the field of geometric
shapes and measuring but do not have a comprehensive knowledge in the field of numbers.
There are no students (P [0,1,0] + P [0,1,1] = 0.00 + 0.00 = 0.00) who have a comprehensive
knowledge in the field of geometric shapes and measuring but do not have a comprehensive
knowledge in the field of numbers. In other words, this result demonstrates that for this sample,
having the fields of the geometric shape and measuring requires comprehensive knowledge in
the other two fields. It is understood that the class of a student, who has a comprehensive
knowledge of numbers and data display content domains but does not have a comprehensive
knowledge in geometry field, constitutes a 7% . Students who have a comprehensive knowledge
in the field of numbers constituted the vast majority with the rate of P ([1,0,0]) + P ([1,0,1]) +
P ([1,1,0]) + P([1,1,1]) = 0.04+0.07+ 0.00+0.52 = 0.63.

Conclusion

On of the aims of this study is to compare the accuracy and consistency of the
classification made by determining the attribute dimension of the Q-matrix based on the data
obtained at the end of the application, as well as considering the a priori item knowledge or
field expert knowledge of the students who took the first booklet based on the mathematics
achievement test in TIMSS 2015 Turkey sample. Another aim of the study is to examine the
classification of students regarding the Q-matrix and the model that makes the classification

relatively best in line with these findings.

According to the results of the first research question of the study, the Q-matrix, which is
formed by using the attributes of the content domain, makes classifications with the best
consistency and accuracy in both classifications based on DINA and DINO Models. On the
other hand, the DINA Model generally provided higher classification accuracy and consistency
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compared to the DINO Model. In addition to this, in the classifications made with the Q-matrix
determined by using the factor analytical methods using the PCA, the classification was made
with less accuracy and consistency than the classification made with the Q-matrix, which was
determined based on the item information with a lower number of attributes. On the other hand,
the classification was more accurate and consistent than the classification made with the Q-
matrix, which was determined based on the item information with a higher number of attributes.
It has been stated by many researchers that as the number of attributes in the Q-matrix increases,
prediction errors increase (Bradshaw and Templin, 2014) and that as the number of attributes
increases, less accurate classification can be made (Henson and Douglas 2005; Kunina-
Habenicht, Rupp and Wilhelm, 2012). Nevertheless, using an exploratory factor analytical
method by combining the determined Q-matrix with the item knowledge based on expert
decisions can be a powerful tool to strengthen the theory in the development of the Q-matrix.
Liu, Douglas, and Henson (2009) state that although factor analytical approaches are not
generally used in determining the Q-matrix, these methods can provide a reasonable solution
when the Q-matrix is not overly complex. Nonetheless, the item and attribute relationship of
the Q-matrix, which is determined in the PCA within the scope of the study, is not based on
theory. With another study, the Q-matrix can be revised again by applying expert decisions.
The classification of individuals may be insufficient because the items in the assessment tool,
from which the data used in this study were obtained, do not go through the process of
developing tests suitable for Cognitive Diagnosis Models. This limitation can be eliminated

with future studies.

According to the results of the study related to the other research question, it has been
demonstrated how the students within the scope of the research are classified according to their
content domain attributes. While this classification demonstrates the subject fields in which the
students have the comprehensive knowledge, it also gives information about the subject fields
that need to be developed. For instance, it has been observed that some of the students have
comprehensive knowledge in the field of numbers, but do not have in geometry and shapes. It
Is suggested to students in this class to plan their education processes related to geometry and
shapes rather than numbers. On the other hand, it is understood that geometry and shapes fields
are the fields where the student have the least comprehensive knowledge compared to the other
two fields. Studies can be conducted to reveal the factors that cause deficiencies in this field.
Giving suggestions based on results in this direction reveals the advantage of using CDM to
mathematics educators and researchers, unlike other common psychometric models. In addition

NEF-EFMED Cilt 14, Say1 2, Aralik 2020/ NFE-EJMSE Vol. 14, No. 2, December 2020



Giindiiz, T. & Cakan, M. 1057

to this, it is understood that the classification of the students according to the classification made
with CDM rather than the international mathematics competence level in the TIMSS study is
more informative. It has been observed that the majority of the students in the study group
have all or none of the skills and that this situation is parallel to the findings of some researchers
using real data. (George and Robitzsch, 2015; Yi, 2017; Arican, 2019; Ardig, 2020; Koyuncu,
2020). As the result of this research, the information obtained based on CDM is powerful and
can be used to reveal information on the efficiency and effectiveness of teaching (Leighton and
Gierl, 2007). In line with these results, it is recommended to combine the findings obtained
from the classifications made on different samples of the same stage and to make the necessary
improvement studies in our education system within a certain plan. For instance, regarding the
effective provision of courses organized by the Ministry of National Education General
Directorate of Assessment, Evaluation and Examination Services to support and educate willing
students and trainees studying in official and private formal education institutions and non-
formal education institutions, the information provided by CDM can be used in organizing the

courses by knowing the strengths and weaknesses of the student groups.
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Ozet — Bu ¢alismanin amaci TIMSS 2015 Tiirkiye o6rnekleminde matematik testi verilerine dayali olarak
ogrencilerin farkl niteliklere gore siniflandirilmasini incelemektedir. Bu amag igin Biligsel Tan1 Modellerinden
DINA ve DINO Modellerinden yararlanilmistir. Nitelik ile madde eslestirmesinin yapildigi Q-Matrisinde nitelik
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Analizi yoluyla elde edilen diizeyler olmak tizere dort farkli Q- Matrisi belirlenmistir. Hangi siniflamanin daha iyi
yapildigina iligkin degerlendirme kriteri olarak bu dort farkli Q-Matrisiyle elde edilen siniflamalarin dogrulugu ve
tutarlilig incelenmistir. Arastirmanin ¢aligma grubunu TIMSS 2015 Tiirkiye drneklemi ig¢inde birinci kitapgigt
alan 463 dordiincii sinif 6grencisi olusturmaktadir. Aragtirmada kullanilan veriler TIMSS 2015 4. Siif 1 numaralt
matematik kitap¢igindaki 25 sorudan secilen 23 maddeden elde edilmistir. Arastirmanin bulgularina gore nitelik
boyutu olarak Igerik Alani diizeylerinin kullanildig1 Q-Matrisi 6grencileri en iyi stiflayan matris olmustur. Son
olarak bu matris kullanilarak, arastirma kapsaminda en iyi siniflama yapan DINA Modele goére simniflandirma

yapilmig ve sonugclar tartigilmistir.
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Giris

Temel egitimin en 6nemli yapitaslarindan birisi olan matematik egitimi sayilari, islemleri
ogretmekten, hesaplama becerilerini kazandirmaktan 6te bir islev lislenmekte ve olaylar
arasinda bag kurma, akil yiirlitme, problem ¢dozme gibi 6nemli destekler saglamaktadir (Umay,
2003). Buradan anlasildigi iizere matematik egitiminin, diger bir ¢ok disiplinde oldugu gibi,
en az iki boyutu bulunmaktadir. Dolayisiyla matematik basarisinin 6l¢iilmesinde bu boyutlarin
dikkate alinmas1 kagimilmazdir. Matematik dersine iliskin amaglara ne kadar ulasildiginin ve
aymi zamanda Ogrencilerin matematiksel bilgi ve beceriler bakimindan gelisim gosterip

gostermediklerinin  belirlenmesi 6grenci basarisinin  dogru yontemlerle Olciilmesine ve

degerlendirilmesine de baglidir (Y1ldiz ve Uyanik, 2004).

Matematiksel bilgi ve becerilerin dogru bigimde oOl¢iilmesi, Ogrencilerin matematik
ogrenmesini destekler, ulusal diizeyde matematik egitimi alanindaki gelismeler hakkinda bilgi
saglar ve bunlarla birlikte matematik programinin degerlendirilmesine imkan saglar (IEA-
International Association for the Evaluation of Educational Assessment, 2011). Bir ¢ok disiplin
alaninda oldugu gibi matematik egitimi alaninda da ulusal diizeyde yapilan Glgme ve
degerlendirme uygulamalari, 0 iilkedeki egitim hakkinda 6nemli bir bilgi kaynagidir. Ancak
egitim alanindaki gelismeleri daha iyi degerlendirmede uluslararasi diizeyde yapilan
uygulamalara da ihtiyag duyulmaktadir. Ulkemizde var olan egitim sisteminin mevcut
durumunu tespit etmek, Ogrencilerin bilgi toplumunun ihtiyaglarima uygun yetisip
yetismediklerini anlamak, var olan egitim sistemini gelistirmek ve diger iilkelerin egitim
sistemleriyle karsilagtirma yapmak icin ¢ok sayida iilkenin dahil oldugu uluslararasi
degerlendirme uygulamalarina katilmistir. Bunlar bilindigi tizere; TIMSS (Trends in
International Mathematics and Science Study - Uluslararasi Matematik ve Fen Egilimleri
Calismasi), PISA (Programme for International Student Assessment - Uluslararast Ogrenci
Degerlendirme Programi), PIRLS (Progress in International Reading Literacy Study -

Uluslararas1 Okuma Becerilerinde Gelisim Projesi) uygulamalaridir.

Matematik ve fen alaninda en uzun siiredir ve en yaygin olarak kullanilan karsilagtirmali
egitim caligmasi olan TIMSS’in genel amaci; 6grencilerin ¢ok yonlii bilgi ve becerilerini
6lgmektir (Mullis, Martin, Ruddock, O’Sullivan ve Preuschoff, 2009). Bu amag¢ dogrultusunda
da ogrencilerin fen ve matematik alanlarindaki performanslari, tlkelerin egitim sistemleri,

Ogretim programlari, 6grenci, 6gretmen ve okullarin 6zellikleri hakkinda bilgi toplanmaktadir.
TIMSS c¢alismasinda 4.sinif diizeyinde uygulamaya katilan 6grencilerin matematik basari
testi puanlarina dayali olarak uluslararasi matematik yeterlik diizeyleri IEA taratindan ileri, st
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diizey, orta diizey, alt diizey olarak tanimlanmistir. Bu yeterlik diizeylerine iligskin genel

bilgiler Tablo 1’de yer almaktadir (Biiytikoztiirk, Cakan, Tan ve Atar, 2014).

Tablol. TIMSS 4. Sinif Uluslararas1t Matematik Yeterlik Diizeylerinin Tanimi

Mleri Diizey Ogrenciler, anladiklarimi ve bilgilerini gesitli kompleks durumlara uygulayabilir
(625): ve nedenlerh}i aciklayabilirler. Ogrenciler, orantilar dahil tam sayilar igeren gok
' asamali sozlu ifade edilen ¢esitli sorular1 ¢ozebilirler. Bu seviyedeki 6grenciler
yiizdeler ve ondaliklar hakkinda daha yiiksek bir kavrama sergilerler. Bir dizi iki
veya li¢ boyutlu seklin degisik durumlarina iliskin geometrik bilgileri
uygulayabilirler. Tablo verilerinden bir sonu¢ ¢ikarabilir ve bunu
gerekeelendirebilirler.
Ust Diizey (550- Ogrenciler bilgilerini ve anladiklarim1 problem ¢dzmek igin uygulayabilirler. Tam
625): sayilarla islem yapmay1 igeren sorulari ¢ozebilirler. Cesitli problem durumlarinda
' bolme islemini kullanabilirler. Bilinmeyenlere deger vererek problemleri
coOzerler. Daha sonra tanimlanacak bir terimi bulmak i¢in 6rnekleri gelistirirler.
Ogrenciler cizgi simetrisi ve geometrik sekillerden anladiklarini gosterebilirler.
Ogrenciler tablo ve grafiklerdeki verileri yorumlar ve kullanir. Sekil ve cetele
grafigi hakkindaki bilgilerini bar grafiklerini tamamlamada kullanirlar.
Orta Diizey (475- Ogrenciler matematige iliskin temel bilgileri basit durumlara uygulayabilirler.
550): Ogrenciler, kesirler ve tamsayilar ile ilgili anladiklarini gosterebilirler. Iki
' boyutlu gésterimden ti¢ boyutlu gosterimi canlandirabilirler. Bar grafigi, sekil ve
tablolar1 basit problemleri ¢6zmek i¢in yorumlayabilirler..
Alt Diizey (400- Ogrenciler matematige iliskin baslangig diizeyindeki bilgileri bilir. Ogrenciler
475). tamsayilarda toplama ve ¢ikarma islemlerini yapabilirler. Yatay ve dikey ¢izgiler,
' basit geometrik sekiller, koordinat bilgisi farkindaligina sahiptir. Basit bar grafigi
ve tabloyu okuyabilir ve tamamlayabilirler.

Tablo 1 incelendiginde, belirlenen yeterlik diizeylerine iliskin olarak her bir diizey
artisinda her bir alandan bilgi ve becerinin artirilarak diizeylerin belirlendigi goriilmektedir.
Ornegin en alt diizeyde geometri alanina iliskin yazilan yeterlik “Yatay ve dikey ¢izgiler, basit
geometrik sekiller, koordinat bilgisi farkindaligina sahiptir” iken orta diizeyde “Iki boyutlu
gosterimden {i¢c boyutlu gosterimi canlandirabilirler” yeterligi eklenmistir. Ust diizeyde “cizgi
simetrisi geometrik sekillerden anladiklarini gosterebilirler” iken ileri diizeyde “Bir dizi iki
veya U¢ boyutlu seklin degisik durumlarina iliskin geometrik bilgileri uygulayabilirler”
yeterligi eklenmistir. Yani bu diizeylerin belirlenmesinde her 6grencinin her bir alanda benzer
seviyelerde yeterlik diizeylerine sahip oldugunu varsaymaktadir. Ancak bir alanda yetkin olup
baska bir alanda daha az yetkin olan 6grenci profillerine bu diizeyler arasinda yer verilmemistir.
Diger bir deyisle cebir alaninda yetkin olan ama geometri ve sekiller alaninda daha az yetkin
olan bir dgrenci ile geometri ve sekiller alaninda yetkin olan ama cebir alaninda daha az yetkin

olan ve 500 alan iki 6grenci ayni diizeyde kabul edilmektedir.

Egitim sisteminin bir 6gesi olan 6lgme ve degerlendirme, 6grencilerin yetersizlikleri ve

bunlarin kaynaklarini ortaya ¢ikarici olmalidir (Baykul, 1992). Basariy1 artirmak i¢in dncelikli
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olarak o6grencilerin bireysel olarak eksikliklerinin tespit edilmesi ve buna yonelik olarak
onlemlerin alinmasi gerekir. Yine biiylik bir etki alan1 yaratmis olan Bloom’un (1968) Tam
Ogrenme Modeline (Learning for Mastery) gore de; egitimdeki temel gorev, bireyin tam
O0grenmesini (gelisimini) tesvik edecek sekilde bireysel farkliliklar1 dikkate alacak stratejiler
bulmaktir. Bireysel farkliliklar1 dikkate alan degerlendirme tiirii bigimlendirmeye, yetistirmeye
doniik degerlendirmedir.

Bi¢imlendirme-yetistirmeye yonelik degerlendirme maksadiyla kullanilan formatif testlerden elde
edilen toplam puan bu tiir degerlendirme i¢in hemen hemen hi¢bir anlam tasimaz. Her bir 6grenciye
onun maddelere verdigi cevaplarin driintiilerini ve yaptig1 hatalar1 gosteren bilgi verilmelidir. Ciinkii
bir anlamda bu degerlendirme 6gretmen ve 6grenciye 6gretimin etkililigi hakkinda bilgi saglamak
icin yapilir. Boylece 6gretimi 6grencilerin 6grenme hizi ve giicline gore ayarlama olanagi elde edilir

(Tekin, 2007, s. 26).

Klasik Test Kurami (KTK), Madde Tepki Kurami (MTK) gibi psikometrik yaklagimlar,
genellikle bireyleri baz1 ortiikk o6zellik boyunca oOlgeklendirmek veya siralamak iizerine
yogunlagsmaktadir (Rupp, Templin ve Henson 2010). Ancak birden fazla becerinin veya
niteligin madde bazinda varligina veya yokluguna dayanarak bireyler hakkinda ¢ok degiskenli
siniflama yapamazlar. Modern 6lgme yontemleri buna izin vererek belirli 6grenme hedeflerinin
giiclii ve zayif yonleri hakkinda geri bildirim saglayabilecek biligsel beceri tanilarina odaklanir
(Rupp ve Templin, 2008). Bu durum o6grenci becerileri setleri hakkinda daha bilgilendirici
geribildirim saglar ve daha etkin miidahale stratejilerinin tasarlanmasina olanak tanir (Rupp ve
digerleri, 2010).

Bilissel Tan1 Modelleri

Modern o6lgme kuramlarindan Biligsel Tan1 Modelleri (BTM) altinda yapilan
degerlendirmeler ile, Ogrencilerin bir O0grenme alani igindeki nitelik diye adlandirilan
bilgi/becerileri hakkinda bireysel olarak ayrintili bilgiler elde edilerek egitim sisteminin doniit
dgesinin etkili olmas1 saglanabilir. Ornegin bir 6grencinin (3+2x6)+3 islemine dogru cevap
vermesi i¢in toplama, ¢arpma, bolme ve islem Onceligini bilmesi gereklidir. Bu madde ile
toplama, ¢arpma, bélme ve islem 6nceligi olarak dort 6zelligin Sl¢iilmesi hedeflenmektedir. Bu
soruya “10” cevabmi veren bir 6grencinin toplama, carpma, bolme islemlerini yapabildigi
ancak islem oOnceligi konusunda eksikliginin oldugu c¢ikarimini yapmak, ogrencinin ilgili
nitelikler baglaminda profilinin ¢ikarilmasinda tanilayici bilgiler saglayabilir. BTM’ler belirli

bir igerik alaninda veya bilissel alanda &grencilerin giiglii ve zayif yanlarini tanimlamayi
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amagcladigindan simif i¢i uygulamalarla 6grenci icin en iyi alistirma stratejisine belirlemeyi
icerebilir (Rupp ve digerleri, 2010). Bu 6rnekteki hatay1 yapan 6grencinin 6rnekteki dort islem
becerileri konusunda yeterli oldugu ancak islem 6nceligi konusunda gelistirilmesi gerektigi ve
buna gore gerekli onlemlerin alinmasi gerektigi goriilmektedir. Biligssel Tan1 Modelleri ile bir
testin ilgisi, 6grencilerin genel bir yetenek kestirimini saglamak yerine dgrenci profillerini
kestirmektir. BTM nin raporlanmasinda bireysel katilimeilar i¢in tasarlanmis ayr1 ayri nitelik

profilleri verilmektedir.

BTM dogrudan bir katilimcinin verilen bir tanilama igin kriterleri saglama olasiliinin
kestirimidir (Leighton ve Gierl, 2007). Yani BTM istatistiksel olarak bir ya da daha g¢ok
tanilama kriterine gore katilimcilarin siiflandirmasini saglar. Yukarida verilen 6rnek baz
aliirsa nitelik sayisinin ii¢ oldugunu diisiinelim (Toplama ve Cikarma, Carpma ve Bolme,
Islem Onceligi). Burada belirlenen bu 3 6zellik igin toplam 8 (k 6zellik say1s1 ise olusabilecek
ortiik smif sayist: 2 ) simf olusacaktir. Bunlar (000)(001)(010)(100)(110)(011)(101)(111) dur.
Yukaridaki ornekteki Ogrencinin (110) smifinda oldugu diisiiniilebilir. BTM i¢in

siiflandirmalar tanilayic1 degerlendirme ile toplanan gozlenen tepkilere dayalidir.

BTM’lerde siniflama gizil yordayict degisken ve gozlenen tepki degiskenlerinin iki
kategorili ya da ¢ok kategorili olmalarina gore yapilabilir. Bu siniflamanin yaninda BTM’lerde
telafi edici (compensatory) ve telafi edici olmayan (noncompensatory) model olarak iki tiir
model bulunmaktadir. Telafi edici ve telafi edici olmayan modeller arasindaki temel fark, ortiik
yordayict degiskenlerin, gozlenen cevabi vermede farkl: nitelikler arasinda nasil bir araya
getirildiginin belirlenmesiyle ilgilidir (Rupp ve Templin, 2008). Telafi edici modellerde bir
nitelikteki eksiklik diger kalan nitelikler tarafindan giderilebilirken, telafi edici olmayan
modelde, her bir nitelik, dogru cevabin verilmesi i¢in gereklidir. Yani telafi edici modellerde
eksik olan nitelik, sahip olunan diger bir nitelik tarafindan tamamlanabilirken, telafi edici
olmayan modellerde, eksik olan nitelik baska herhangi bir nitelik tarafindan
tamamlanamamaktadir. Telafi edici olmayan ve telafi edici modeller arasinda alan yazinda
siklikla kullanilan en temel modeller sirasiyla DINA (Deterministic inputs, noisy ‘and’ gate)
(Junker ve Sijtsma, 2001) ve DINO (Deterministic inputs, noisy ‘or’ gate) (Templin ve Henson,
2006) modelleridir.

BTM’nin tiim modellerinin ortak 6zelligi Q-matrisinin belirlenmesi gerekliligidir. Q-
matrisi alan yazinda “madde 6zellik matrisi”, “6zellik matrisi” olarak da adlandirilmaktadir
(Ma, 2014; Tatsuoka, 1984). Q-matrisinde madde ile maddeleri dogru cevaplamada gerekli olan

nitelik ya da nitelikler iliskilendirilir. Bu matris maddeler satirda, nitelikler ise ayri siitunda
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olacak sekilde iki boyutludur. Ilgili hiicreye bir maddenin ¢dziimiinde gerekli olan nitelikler
icin “1”; gerekli olmayan nitelikler i¢in ise “0” yazilir. Tablo 2’de 6rnek bir Q-matrisi yer

almaktadir.

Tablo 2. Ornek Bir Q-Matrisi

Nitelik 1 Nitelik 2 Nitelik 3
Madde 1 0 1 0
Madde 2 1 0 1
Madde 3 0 1 1
Madde 4 1 1 1

Tablo 2’de bulunan dort madde ve {i¢ nitelik i¢in hazirlanmis Q-matrisinde, Madde 1

yalnizca Nitelik 2 ile iligskilendirilmisken; Madde 4 her {i¢ nitelik ile iliskilendirilmistir.

0-1 elemanlarindan olusan Q-matrisi basit bir yapida goriinse de BTM i¢in énemli bir
yere sahiptir; dyle ki Q-matrisinin belirlenmesinde meydana gelen bir hata, analizi tiimiiyle
olumsuz etkileyebilir. Q-matrisinin gelistirilmesinde farkli yaklasimlar kullanilabilir.
Bunlardan en sik kullanilan1 uzman yargilarina gére Q-matrisini gelistirilmesidir. Bu sebepten
otiirli, Q-matrisinin yapilandirilmast BTM’lerde en fazla gabanin gosterildigi siire¢ olarak
goriilebilir. Siire¢, istenilen sonuca erisilinceye kadar madde ve niteliklerin birbiriyle

etkilesimli bir sekilde dongiisel olarak devam etmesini gerektirir.

Q-matrisinin belirlenmesinde, tipik olarak, ilgili disiplin alanindaki uzman kanilarindan
faydalanilir. Q-matrisi BTM’nin en onemli kavramlarin biridir ve Q-matrisinin dogru ve tam
belirlenmesi tiim siniflamay: etkileyebilmektedir (Tatsuoka,1984). Basokg¢u (2015) Q-matrisi
tarafindan tanimlanmayan farkli 6zelliklerin de bir maddenin dogru cevaplanmasi igin yeterli
olabilecegi durumlarin oldugunu belirtmistir. Bu durum yapilacak siniflamanin dogrulugunu

ve tutarligini negatif yonde etkileyecektir.

Bu ¢alismada BTM altinda Q-matrisindeki niteliklerin maddeler ile iliskilendirilmesinde
onsel olarak uzman yargilarina gore farkli alanlardaki diizeylerin belirlenmesi disinda ek
olarak, test maddelerine ait agimlayic1 bilgilerin kullanilmas1 (faktor analitik yaklasimlar) ile
Q-matrisinin daha iyi tanimlanabilecegi 6n goriisiiyle yola ¢ikilmistir. Bu sekilde yapilan
smiflama tutarhigi ve glivenirligi yalnizca uzman goriisii dikkate alinarak olusturulan Q matrisi
sonuclartyla karsilastirllmak istenmistir. Uzman yargilarindan (6nsel madde bilgilerinden)
faydalanarak bilissel alan ile icerik alaninin ve her iki alanin niteliklerinin bulundugu Q-

matrisleri kullanilmistir. Verilere dayanarak ise ikili puanlamaya uygun olacak agimlayici
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faktor analitik yaklagimlardan Temel Bilesenler Analizi kullanilmistir. Genel olarak
degiskenler arasindaki bagimlilik yapisinin yok edilmesi ve/veya boyut indirgeme amactyla
kullanilan Temel Bilesenler Analizi basli basina bir analiz oldugu gibi, baska analizler i¢in veri

hazirlama teknigi olarak da kullanilmaktadir (Tatlidil, 1996).
Bu calismanin amaci Biligsel Tan1 Modellerinden DINA ve DINO Modelleri altinda Q-

matrisinin nitelik boyutunun igerik alanina ait diizeyleri, bilissel alana ait diizeyleri, her iki
alana ait diizeyleri ve Temel Bilesenler Analizi yoluyla elde edilen diizeylerin belirlenmesiyle
yapilan smiflamanin dogrulugu ve tutarliligini karsilastirmali olarak incelemektir. Bu
bulgularin 15181 altinda goreceli olarak en iyi siniflama yapan model ve Q-matrisine iliskin
Ogrenci simiflamasinin incelenmesi arastirmanin diger bir amacini olusturmaktadir. Bu
calismanin BTM Degerlendirmelerinde kilit bir yere sahip olan Q-matrisinin belirlenmesinde

teoriye katki saglayacagi, buna iliskin yontem 6nermede dnemli olabilecegi diistiniilmektedir.
Arastirmanin amaci dogrultusunda asagidaki arastirma sorularina yanit aranmistir:
3. TIMSS 2015 Tiirkiye oérnekleminde matematik basari testine dayali olarak Biligsel
Tan1 Modellerinden DINA ve DINO Modelleri kullanilarak ve belirtilen 4 farkl
olusturulan Q-matrislerinden hangisi kullanilarak siniflama tutarligi ve dogrulugu
acisindan daha iyi siniflama yapilir?
4. Ogrenciler, matematik basari testine dayali olarak en iyi siniflamay1 saglayan model

ve Q-matrisinde nasil siniflandirilmistir?

Yontem

Arastirmanin Modeli

Arastirmanin amact TIMSS 2015 Tirkiye ornekleminde matematik testine alan
ogrencilerin farkli niteliklere gore siniflandirilmasini DINA ve DINO Modelleri altinda
karsilastirmak ve yapilan siniflamalardan goreceli olarak en iyi bulunan smiflamaya gore
ogrencilerin nasil simiflandirildigin1 incelemektir. Bu amag¢ dogrultusunda dort farkl
belirlenmis Q-matrisinin smiflama dogrulugu ve tutarliliginin incelenmesi amaglandigindan

arastirma betimsel diizeyde bir ¢aligmadir.

Calisma Grubu
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Arastirmanin ¢aligma grubunu TIMSS 2015 Tiirkiye 6rneklemi ig¢inde birinci kitapgigi
alan 232’si kiz (%50,1) ve 231’1 erkek olan (%49,9) toplam 463 dordiincii sinif 6grencisi
olusturmaktadir. Analize gecilmeden Once veriler incelenmis, kayip veri analizi yapilmistir.
Kay1p veri analizi sonucunda kayip verilerin belli bir 6riintiiye sahip olmadig1 goriilmiis ve

“Yakin Noktalar Medyan Atamasi (Median of Nearby Points)” yapilmistir.

Veri Toplama Araci

Arastirma verileri, TIMSS 2015 4. Sinif 1 numarali matematik kitapg¢igindaki 25
maddeden iKili olarak puanlanmis dokuzu kisa cevapli on dordii ¢oktan segmeli olan 23

maddeden elde edilmistir.

TIMSS ¢alismasinin 6lgme kapsami1 Matematik basari testi 4. diizeyinde biligsel alan ve
icerik boyutu olmak iizere iki boyutta diizenlenmistir. Igerik boyutu 6lciilecek kapsam: yani
matematiksel konulari, bilissel alan boyutu ise diisiinme siireglerini dikkate almaktadir. 4. sinif
diizeyinde igerik boyutunu sayilar, geometrik sekil ve Olgtimler ve veri gosterimi

olusturmaktadir. Biligsel alan boyutunu ise bilme, uygulama ve akil yiiriitme olusturmaktadir.

Verilerin Diizenlenmesi ve Analizi

Calismada kullanilan Q-matrislerinin diizenlenmesinde onsel olarak belirlenen ii¢ Q-
matrisinin madde nitelik iligkilendirmeleri i¢in IEA’nin (2015) erisime agik olan uluslararasi
veri tabanindaki madde bilgilerinden yararlanilmigtir.
(https://timssandpirls.bc.edu/timss2015/international-database/). Icerik alanina gére “Sayilar,
Veri Gosterimi, Geometrik Sekil ve Olgiimler”, bilissel alana gore “Bilme, Uygulama, Akil
Yirtitme” ve her iki alandaki niteliklerin birlikte kullanildig1 Q-matrisleri sirasiyla Tablo3,

Tablo 4 ve Tablo 5’te yer almistir.
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Tablo 3. Icerik Alanina Gore Belirlenmis Q-Matrisi
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Maddeler g g Oy Maddeler Os Qg Oy Maddeler g Qg Qy
M041004 1 0 0 M041254 0 1 0 M061050 1 0 0
M041023 1 0 0 M041153 0 1 0 MO061167 1 0 0
M041034 1 0 0 M041132 0 1 0 M061206 0 1 0
M041087 1 0 0 M041174 0 0 1 MO61265A 0 1 0
M041124 1 0 0 M041191 0 0 1 M061265B 0 1 0
M041302A 0 1 0 M061272 1 0 0 M061185 0 1 0
M041302B 0 1 0 M061029 1 0 0 M061239 0 0 1
M041302C 0 1 0 M061031 1 0 0

ag: Sayilar, ay: Veri Gosterimi, a: Geometrik Sekil ve Olgiimler
Tablo 4. Bilissel Alana Gore Belirlenmis Q-Matrisi

Maddeler g Ay 0a Maddeler g Oy Oaa Maddeler g Oy Op
M041004 1 0 0 M041254 1 0 0 M061050 0 1 0
M041023 1 0 0 M041153 0 1 0 MO061167 1 0 0
M041034 1 0 0 M041132 1 0 0 M061206 0 1 0
M041087 1 0 0 M041174 0 1 0 MO61265A 0 1 0
M041124 0 1 0 M041191 1 0 0 M061265B 0 1 0
MO041302A 1 0 0 M061272 0 0 1 M061185 0 1 0
M041302B 0 0 1 M061029 0 0 1 M061239 0 1 0
M041302C 0 0 1 M061031 0 1 0

ag: Bilme, ay: Uygulama, ap: Akil Yiiriitme
Tablo 5. igerik ve Bilissel Alana Gére Belirlenmis Q-Matrisi
Maddeler Og Og Ay (06} Ay 0 Maddeler g Og Qy O Oy dp

M041004 1 0 0 1 0 0 M041191 0 0 1 1 0 0

M041023 1 0 0 1 0 0 M061272 1 0 0 0 0 1

MO041034 1 0 0 1 0 0 M061029 1 0 0 o0 O 1

M041087 1 0 0 1 0 0 M061031 1 0 0 O 1 0

M041124 1 0 0 0 1 0 M061050 1 0 0 0 1 0

MO041302A 0 1 0 1 0 0 M061167 1 0 0 1 0 0

M041302B 0 1 0 0 0 1 M061206 0 1 0 0 1 0

M041302C 0 1 0 0 0 1 MO61265A 0 1 0 0 1 0

M041254 0 1 0 1 0 0 M061265B 0 1 0 0 1 0

M041153 0 1 0 0 1 0 M061185 0 1 0 0 1 0

M041132 0 1 0 1 0 0 M061239 0 O 1 0 1 0

M041174 0 0 1 0 1 0

ag: Sayilar, og: Geometrik Sekil ve Olgiimler, ay: Veri Gosterimi,

ag: Bilme, ayy: Uygulama , as: Akil Yiiriitme
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Tablo 3 ve Tablo 4’te gorildiigii gibi her bir madde yalnizca bir nitelik ile
iliskilendirilmistir. icerik alani1 ve bilissel alan ile olusturulan Q-matriste ise Tablo 5’te
goriildiigii gibi her bir madde iki nitelik ile iligkilendirilmistir.

Temel Bilegenler Analizi ile Q-matrisi olusturmak i¢in tetrakorik korelasyon matrisine
dayali analize izin veren FACTOR 10.08.3 programindan yararlanilmistir. Caligma
kapsamindaki verilerin temel bilesenler analizine uygunlugu Kaiser-Mayer-Olkin (KMO)
katsayis1 ve Barlett Kiiresellik Testi ile belirlenmistir. TBA’da verilere ait KMO katsayisi
0,91 bulunup 0,60 ‘tan biiyilik oldugundan ve Barlett Kiiresellik testi manidar bulundugundan
(p<0,01) kullanilan testin TBA’ya uygunluguna karar verilmistir.

Analiz sonucundaki dort bilesen i¢in Q-matriste yiikleri 0.30 ve 0.30’dan daha biiyiik
olanlar “1” ; daha kiiclik olanlar “0” olarak belirlenmistir. Tablo 6’da TBA’ya gore

belirlenmis Q-matrisi yer almaktadir.

Tablo 6. Temel Bilesenler Analizine Gore Belirlenmis Q-Matrisi

Maddeler oy O, O3 04 Maddeler oy Oy O3 Oy Maddeler 0 Oy O3 04
M041004 0O 0 0 1 Mo41254 1 0 O O M06105s0 O 1 O O
M041023 0O 0 0 1 MO41153 1 0 1 O Moe1167 O O 0 1
M041034 0O 0 0 1 Mo41132 0 1 1 O M061206 1 O O O
M041087 0O 1 0 O Mo41174 0 0 1 1 M061265A 0 0 0 1
MO041124 O 0 0 1 mMo41191 0 O 1 1 M0o61265B 0 1 0 O
MO041302A 1 0 1 O Mo61272 0 O O 1 Moe1185 0 0 1 1
M041302BF 0 O 1 O MO61029 1 O O 1 MO61239 O 0 0 1
M041302C 1 O 1 O Mo61031 O 1 O 1 M041302C 1 0 1 O

a : Birinci Bilesen, o, : Ikinci Bilesen, a;: Ugiincii Bilesen, a,: Dérdiincii Bilesen

Tablo 6 incelendiginde maddelerin %60 a yakini tek nitelik ile iligskilendirilirken, kalani
iki nitelik ile iligkilendirilmistir. Elde edilen farkli Q-matrisleri ile 6grencilerin cevap
ortntiilerinin DINA ve DINO modellerine gore analizi R 3.0 programinda (R Core Team, 2015)
CDM paketi (George, Robitzsch, Kiefer, GroB, ve Unlii, 2016) ile gerceklestirilmistir.

Bulgular ve Yorumlar

Bu béliimde arastirma sorularina iligkin bulgular sirastyla sunulmustur.

3. “TIMSS 2015 Tiirkiye 6rnekleminde matematik basar: testine dayali olarak Bilissel Tani
Modellerinden DINA ve DINO Modelleri kullanilarak ve belirtilen 4 farkl olusturulan
Q-matrislerinden hangisi kullanilarak siniflama tutarligi ve dogrulugu acisindan daha

iyi siniflama yapilir?”
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Q-matrisinin maddelerin 6nceden bilinen 6zelliklerine gore (bilissel alan, igerik alani ve
her ikisinin kullanilmasi) ve maddelerin uygulamadan sonra elde edilen bilgilerine gore
(TBA’dan faydalanilarak niteliklerin belirlenmesi) ele alinmasiyla yapilan analiz sonucu elde

edilen siniflama dogrulugu ve tutarligi Tablo 7°de sunulmustur.

Tablo 7. Q-Matrisinin Dort Farkli Kosula Dayal1 Belirlenmesi Sonucu Elde Edilen Siniflama
Dogrulugu Ve Tutarlig: Bilgileri

Siniflama Dogrulugu Siniflama Tutarlilig1
Q-matrisinin Nitelik Boyutu DINA DINO DINA DINO
Biligsel Alan 0,916 0,916 0,858 0,858
Icerik Alam 0,929 0,929 0,875 0,875
Bilissel ve Igerik Alani 0,582 0,443 0,612 0,408
TBA’nin Ortaya Cikardigi Alan 0,699 0,712 0,646 0,607

Tablo 7 incelendiginde en yiiksek smiflama dogrulugu ve tutarhigimnin igerik alani ve
biligsel alana dayali olusturulan matrislerden elde edildigi goriilmektedir. Diger dikkat ¢ekici
bir sonug ise, her iki durumda da DINA ve DINO modellerinin ayni siniflama dogrulugu ve
tutarligi tiretmesidir. Bunun sebebi olarak belirlenen her iki Q-matriste de her bir satirda
yalnizca tek bir siitunun 1 olarak belirlenmesi gosterilebilir. Yani, her bir madde yalnizca tek
bir alan ya da beceriyi 6l¢gmektedir. Bu bulgu DINA ve DINO Modellerinin matematiksel olarak
esit modeller oldugunu destekleyen bir bulgudur (Frey, 2018). Goreceli olarak
degerlendirildiginde ve Q-matrisi igerik alanma goére belirlendiginde, DINA ve DINO
Modelleri altinda diger tim Q-matris belirleme yontemlerine gore daha yiiksek oranda
siniflama dogrulugu ve tutarligina sahip siniflama yapmistir. Bunu sirastyla biligsel alana gore
Q-matrisi belirleme, TBA’dan faydalanarak Q-matrisi belirleme ve bilissel ve igerik alaninin
birlikte nitelik kiimesine alinmasiyla elde edilen Q-matrisi belirleme ile yapilan simiflamalar
izlemektedir. Belirlenen Q-matristeki nitelik sayilar1 dikkate alindiginda daha fazla nitelige

sahip Q-matrisleri ile daha az tutarli ve dogru siniflama yapildig sdylenebilir.

Calisma kapsaminda DINA ve DINO Modelleri dikkate alinarak dort farkli kosulda
belirlenmis Q-matrisleri ile yapilan siniflamalarda elde edilen siniflama tutarliklar1 Sekil 1 ve

siniflama dogruluklar1 Sekil 2°de karsilagtirmali olarak sunulmustur.
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Sekil 1. Farkli Belirlenmis Q-matrisleri ile DINA ve DINO Modelleri altinda yapilan

Siniflama Tutarlig1

Sekil 1 incelendiginde DINA Modelinin DINO Modele gore daha tutarli siniflama
yaptig1 goriilmektedir. Biligsel ve igerik alaninin birlikte kullanildigr Q-matriste bir maddenin
¢oziimiinde gerekli olan hem bilissel ve hem de igerik alanina ait Gzelliklerin birlikte
kullanildig1 g6z 6niine alinirsa, DINO Modelin telafi edici (bir maddeyi dogru yanitlayabilmek
icin madde ile iligkili en az bir 6zellige sahip olunmasi) yapisindan kaynakli daha az tutarh
sonuclar verdigi bulgusuna varilabilir. Ancak Temel Bilesenler Analizi’'nden yararlanilarak
olusturulan Q-matrisi ile yapilan analiz sonucunda ise siniflama tutarliklart her iki modelde de

yakin degerler vermistir.
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Sekil 2. Farkli Belirlenmis Q-matrisleri ile DINA ve DINO Modelleri altinda yapilan

Siniflama Dogrulugu
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Sekil 2 incelendiginde DINA Modelinin DINO Modele gore daha dogru siniflama yaptigi
goriilmektedir. Siiflama tutarliginda oldugu gibi biligsel ve icerik alaninin birlikte kullanildig:
Q-matriste bir maddenin ¢6ziimiinde gerekli olan hem biligsel ve hem de igerik alanina ait
Ozelliklerin kullanilmasi gerektigi goz Oniine alinirsa DINO Modelin telafi edici yapisindan
kaynakli daha az siniflama dogruluguna sahip sonuglar verdigi bulgusuna varilabilir. Ancak
Temel Bilesenler Analizi’'nden yararlanilarak olusturulan Q-matrisi ile yapilan analiz

sonucunda siniflama dogruluklar1 her iki modelde de yine yakin degerler vermistir.

4. Ogsrenciler, matematik basar testine dayali olarak en iyi simiflamay: saglayan model ve

Q-matrisinde nasil siniflandirilmistir?

Ik arastirma sorusunda vurgulandi: iizere, Q-matrisinin igerik alanina dayali
yapilandirilmasi sonucunda diger durumlara kiyasla daha fazla dogrulukta ve tutarlikta
smiflama yaptigi goriilmistiir. DINA Model altinda yapilan bu siniflamaya iliskin mutlak
uyum indekslerinden M2, RMSEA ve SRMSR incelenmis ve model veri uyumunun
saglandig1 goriilmistir (M2=335,50, df= 223, p-value= 0; RMSEA=0,033 %90 giiven
araligiile: [0,0255-0,0401]; SRMSR=0,0617). Tablo 8’de, i¢erik alanina gore yapilandirilmis

Q-matrisinin DINA Modeli altinda elde edilen madde istatistiklerinin 6zeti verilmektedir.

Tablo 8. icerik Alanma ait Q-matrisi ile DINA modeli i¢in madde 6zelliklerinin 6zeti

Madde Ozellikleri Minumum Maksimum Ortalama  Standart Sapma
p degeri (madde gii¢liigii) 0,14 0,86 0,48 0,18
g parametresi 0,05 0,70 0,26 0,18
S parametresi 0,03 0,79 0,34 0,22
Madde ayiricilik parametresi

0,08 0,68 0,40 0,16
=1-gj-sj
Madde kolaylik parametresi( gj+(1-s;))/2 0,14 0,83 0,46 0,19

Madde giigliigiinii veren p degeri, her bir maddeyi dogru ¢ézen dgrencilerin yiizdesini
tanimlamaktadir. Ogrencilerin %14'i en zor maddeyi dogru cevaplarken , dgrencilerin %86's1
en kolay maddeyi dogru cevaplamistir. Ortalama olarak, 6grencilerin %48’i maddeleri dogru
cevaplamistir. Buradan anlasilacagi tizere test maddeleri bu grup icin orta giigliigiin biraz
altinda giicliige sahiptir. Bilindigi iizere madde gii¢liigii ile madde kolaylik parametresi arasinda
bir iliski vardir ve Tablo 6’da bunu desteklemektedir (George ve Robitzsch, 2015). g
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parametresi degerleri 0,05 ile 0,70 arasinda degismekte (ss = 0,18) ve 0,26 ortalama degere
sahiptir. s parametresi ise 0,03 ile 0,79 arasinda degismekte ve ortalamalari degeri ve 0,34’dir.
Her iki parametrenin diisiik olmas1 maddelerin orta giicliikte olduklarinin diger bir gostergesidir
(Zhang, 2006). Madde ayiricilik parametreleri 0,14 ve 0,83 arasinda degismekte ve ortalamalari
0,46°dir. Ayirt ediciligi diisiik maddeler olsa da maddelerin ortalama ayiricilik parametresine

dayanarak testin genelinin asgari diizeyde ayirt edici oldugu savunulabilir.

Tablo 9’da 6grencilerin ilgili niteliklere sahip olma oranlar1 (beceri dagilimlart) ve

standart hatalar1 yer almaktadir.

Tablo 9. igerik Alanina Ait Q-Matrisi ile DINA Modeli I¢in Beceri Dagilimlari Ve Standart Hatalar

(26 4¢ Ay
P(ax) 0,63 0,52 0,61
Standart Hata 0,03 0,04 0,03

ag: Sayilar, og: Geometrik Sekil ve Olgiimler, ay: Veri Gosterimi

Ogrencilerin %63'"iniin “sayilar” konu alanina; %52’sinin “geometrik sekil ve dlciimler”
konu alanina; %61’inin de “veri gdsterimi” konu alanina hakim oldugu goriilmektedir. Bu aym
zamanda Ogrencilerin %37'sinin “sayilar” konu alanina; %48’sinin “geometrik sekil ve
Olcimler” konu alanina; %39’unun da “veri gdsterimi” konu alanmna hakim olmadigini

gostermektedir.

Tablo 10’da olusan her bir beceri sinif olasiliklar1 (6grencilerin sahip oldugu veya

olmadig1 nitelik kombinasyonlarinda bulunma olasiliklari) ile standart hatalar1 verilmistir.

Tablo 10. icerik Alanina Ait Q-Matrisi ile DINA Modeli I¢in Beceri Smnif Olasiliklar1 Ve

Standart Hatalar1
a4 a, as 0y Qs Og oy ag
[0,0,0] [1,0,0] [0,20] [0,0,1] [1,1,0] [1,0,1] 1,1][0’ [1,1,1]
P(au) 0,35 0,04 0,00 0,02 0,00 0,07 0,00 0,52
Standart Hata 0,03 0,01 0,01 0,01 0,01 0,02 0,01 0,04
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Tablo 10 incelendiginde ii¢ icerik alani ele alindigindan 2° adet sinifa ait olasilik degeri
oldugu goriilmektedir. igerik alanma ait yapilan smiflamadaki simf olasiliklarina iliskin
standart hatalar 0,01 ve 0,04 arasinda degismektedir. Bireylerin ilgili nitelikler baglaminda

olusturdugu beceri sinif olasiliklarina iliskin grafik ise Sekil 1’de verilmektedir.
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Sekil 3. igerik Alanma Ait Q-Matrisi Ile DINA Modeli I¢in Beceri Simif Olasiliklart

Tablo 10 ve Sekil 3, farkli siniflarin dagilim olasiliklarini gostermektedir ve nitelik
kombinasyonlarinin analizine izin vermektedir. Nitelik sinifi dagilimindan ¢ogu 6grencinin ya
tim becerilere sahip oldugu (P ([1,1,1]) =0,52) ya da hig birine sahip olmadig: (P ([0,0,0]) =
0,35) goriilmektedir. Diger bir deyisle Ogrencilerin yaklagik yarisinin her {i¢ igerik alanina da
hakim iken 6grencilerin %35’inin her {i¢ icerik alanina da hakim olmadigi goriilmektedir.
Ayrica, sayilar icerik alanina hakim olan 6grenciler ile veri gosterimi alanima hakim olan
ogrenciler; P ([1,0,1]) +P ([1,1,1]) = 0,07+0,52 = 0,59 gibi bir oranla biiyilk ¢ogunlugu
olusturmaktadir. Geometrik sekil ve Ol¢iimler alanina hakim ancak sayilar alanina hakim
olmayan (P [0,1,0] + P [0,1,1] = 0,00 + 0,00 = 0,00) 6grenci bulunmamaktadir. Benzer sekilde
geometrik sekil ve 6l¢iimler alanina hakim ancak veri gosterimi alanina sahip olmayan (P [0,
1,0] +P[1,1,0] =0,00 + 0,00= 0,00) 6grenci de bulunmamaktadir. Yani bu sonug, bu érneklem
icin, geometrik sekil ve Ol¢limler alanina sahip olabilmenin diger iki alana hakim olmay1
gerektirdigini gostermektedir. Sayilar ve veri gosterimi igerik alanlarina hakim ancak geometri

alanina sahip olmayan 6grenci sinifinin %7°lik bir dilim olusturdugu goriilmektedir. Sayilar
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alanina hakim olan 6grenciler P ([1,0,0]) + P ([1,0,1]) + P ([1,1,0]) + P([1,1,1]) = 0,04+0,07+
0,00+0,52 = 0,63’liik oranla biiyiik bir ¢ogunlugu olusturmustur.

Sonug

Bu caligmanin bir amact TIMSS 2015 Tiirkiye 6rnekleminde matematik basari testine
dayali olarak birinci kitap¢ig1 alan 6grencileri BTM altinda DINA ve DINO Modelleri ile, Q-
matrisinin nitelik boyutunun 6nsel madde bilgisini veya alan uzmanlik bilgisini dikkate almanin
yaninda, uygulama sonunda eldeki verilere dayanarak belirlenmesiyle yapilan simiflamanin
dogrulugu ve tutarliligini karsilagtirmaktir. Calismanin diger bir amaci da bu bulgularin 15181
altinda goreceli olarak en iyi siniflama yapan model ve Q-matrisine iliskin 6grencilerin

siiflanmasini incelemektir.

Calismanin ilk aragtirma sorusuna iliskin sonuglarina gore icerik alanina ait niteliklerden
yararlanilarak olusturulmus Q-matrisi, DINA ve DINO Modellerine dayali olarak yapilan her
iki siniflamada da en iyi tutarlikta ve dogrulukta siniflamalar yapmistir. Bununla birlikte DINA
Model, DINO Model’e kiyasla genel olarak daha yiiksek smiflama dogrulugu ve tutarlig
saglamigtir. Ayrica faktor analitik yontemlerden TBA’dan faydalanarak belirlenen Q-matris ile
yapilan siniflamalarda nitelik sayis1 daha az olan madde bilgisine dayali olarak belirlenmis Q-
matris ile yapilan siniflamaya gore daha az dogrulukta ve tutarlikta siniflama yapmistir. Ancak
nitelik sayis1 daha fazla olan madde bilgisine dayali olarak belirlenmis Q-matris ile yapilan
siniflamaya gore daha fazla dogrulukta ve tutarlikta siiflama yapmistir. Q-matriste yer alan
nitelik sayisi arttik¢a kestirim hatalarinin arttigi (Bradshaw ve Templin, 2014) ve nitelik say1s1
arttikca daha az dogru siiflamanin yapilabilecegi bir ¢cok arastirmaci tarafindan belirtilmistir
(Henson ve Douglas 2005; Kunina-Habenicht, Rupp ve Wilhelm, 2012). Bununla birlikte
acimlayic1 bir faktor analitik yontemden faydalanarak belirlenmis Q-matrisi ile uzman
yargilarina dayanan madde bilgisinin birlestirilerek kullanilmas1 Q-matrisin gelistirilmesinde
teoriyi giiclendirmek i¢in gii¢lii bir arag olabilir. Liu, Douglas ve Henson (2009), faktor analitik
yaklasimlarimin Q-matrisin belirlenmesinde genel olarak kullanilmamasmna ragmen, Q-
matrisinin asir1 karmagik olmadigi durumlarda bu yontemlerin makul bir ¢6ziim sunabilecegini
belirtmistir. Ancak ¢aligma kapsaminda TBA’ya belirlenmis olan Q-matrisin madde ve nitelik
iligkisi teoriye dayandirilmamistir. Baska bir ¢alisma ile uzman yargilarina bagvurularak Q-
matrisi tekrar revize edilebilir. Bu arastirmada kullanilan verilerin elde edildigi 6l¢me aracinda

yer alan maddeler biligsel tan1 modellerine uygun test gelistirme siirecinden gegmedikleri i¢in
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bireylerin siniflandirilmasi yetersiz olabilir. ileride yapilacak ¢alismalar ile bu sinirlilik ortadan

kaldirilabilir.

Calismanin diger arastirma sorusuna iligkin sonuglarina gore arastirma kapsamindaki
ogrencilerin igerik alani niteliklerine gore nasil siniflandirdigr gosterilmistir. Bu simiflama
ogrencilerin hakim oldugu konu alanlarin1 gosterirken, gelistirilmesi gereken konu alanlarinin
da ortaya c¢ikarmasi hususunda bilgi vermektedir. Ornegin 6grencilerin bir kisminin sayilar
alanina hakim iken geometri ve sekiller alanina hakim olmadiklar1 goriilmiistiir. Bu sinifta
bulunan 6grencilere sayilar konu alanindan ziyade geometri ve sekiller alanina iliskin egitim
slireglerinin planlanmasi 6nerilmektedir. Bununla birlikte geometri ve sekiller alaninin diger iki
alana kiyasla en az hakim olunan alan oldugu goriilmektedir. Bu alandaki eksikliklere neden
olan etmenlerin ortaya ¢ikarilmasi igin arastirmalar yapilabilir. Sonuglar ve sonuglara dayali
Onerilerin bu yonde verilmesi, bu caligma araciligiyla matematik egitimcilerine ve
arastirmacilara, diger yaygin psikometrik modellerin aksine BTM kullanmanin avantajini
ortaya koymaktadir. Ayrica 6grencilerin TIMSS calismasindaki uluslararast matematik yeterlik
diizeylerine gore yapilan siniflandirilmasi yerine BTM ile yapilan smiflamaya gore
siiflandirilmasinin daha fazla ayrintili bilgi verici oldugu goriilmektedir. Caligma grubundaki
ogrencilerin ¢gogunlugunun tiim becerilere sahip oldugu ya da hi¢ birine sahip olmadig: nitelik
simiflarinda oldugu goriilmiis ve ortaya ¢ikan bu durum gercek veri kullanilan bazi
arastirmacilarin bulgulariyla paralellik gosterdigi goriilmiistiir (George ve Robitzsch, 2015; Yi,
2017; Arican, 2019; Ardig, 2020; Koyuncu, 2020). Bu arastirmanin sonucunda oldugu gibi,
BTM’ye dayali elde edilen bilgiler; 6gretimin verimliligine ve etkililigine yonelik bilgileri
ortaya ¢ikarmada gii¢lii olup kullanilabilir (Leighton ve Gierl, 2007). Bu sonuglar 1s1ginda ayni
evrenin farkli oOrneklemleri {izerinde yapilan smiflamalardan elde edilen bulgularin
birlestirilmesi ve egitim sistemimizde gerekli iyilestirme caligmalarinin belirli bir plan
icerisinde yapilmas1 oOnerilmektedir. Ornegin iilkemizde Milli Egitim Bakanligi Olg¢me,
Degerlendirme ve Smav Hizmetleri Genel Miidiirliigii tarafindan resmi ve 6zel orgiin egitim
kurumlart ile yaygin egitim kurumlarinda 6grenim goren istekli O6grenci ve kursiyerleri
destekleme ve yetistirme amaciyla diizenlenen kurslarin daha etkili verilmesine iligskin olarak,
Ogrenci gruplarimin giiglii ve zayif yonlerinin bilinerek kurslarin diizenlenmesinde BTM’lerin

sagladig1 bilgilerden yararlanilabilir.
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