Volume 16, Number 2, 2023 - DOI: 10.24193/adn.16.2.9

DETERMINATION OF ASSOCIATION RULES FOR
MATHEMATICAL SKILLS
Hanife Merve ERDOGAN, Nazan SEZEN YUKSEL

Abstract: The aim of this study is to classify the subjects and skills of middle school mathematics
course in the context of MATH Taxonomy and to determine their relations. For this purpose, the
questions and answers related to the mathematics subtest of a national exam were analyzed over
the answers of 20154 students. The study continued with the analysis of the data set containing the
answer patterns of the students according to the rules of association of data mining methods by
using RapidMiner program and FP-Growth algorithm. The results show that students with any
level of skill in MATH taxonomy related to mathematical skills could perform skills in sub-
categories at a high rate. Students who have attainment in the learning areas provided later in the
mathematics program had a high rate of knowledge in the previously provided learning areas.
However, this result is not valid for Probability of Simple Events.

Key words: mathematical skills, data mining, association rules, FP-Growth algorithm,
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1. Introduction

Data is produced in almost every moment of daily life with technological developments. The data
produced is often stored unconsciously and this data may contain various information that is not
apparent at first glance. Different and confidential information can only be accessed after processing,
analyzing, and interpreting the big data obtained. The process of accessing information from this data
is defined as data mining. The data mining process reveals information that is hidden in large data sets
and presents meaningful and useful patterns to users (Han, Kanber & Pei, 2012). Processed, analyzed,
and interpreted data is used in different fields, such as health (Yildirnm, Uludag, &Géoriir, 2008),
engineering (Eker, 2016), insurance (Sdylemez, Dogan & Ozcan, 2016) and education (Kurt-
Pehlivanoglu & Duru, 2015; Sevgin 2020). This process in education is expressed as educational data
mining.

As seen in Figure 1, the cycle of educational data mining is illustrated by Romero and Ventura (2007,
p-136). The data processed in educational data mining may be related to students, teachers,
administrators, or parents. The outputs obtained at the end of the data mining process may be used by
one of these target groups who produce this data. It is expected that the outputs will provide
meaningful, qualified, useful information to people who can be expressed as stakeholders of the
education system (Bilen et al., 2014).

Figure 1. The application of data mining in education (Romero & Ventura, 2007, p.136)
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Similarly, as demostrated in Figure 2, Garcia, Romero, Ventura and Castro (2011), who defined
educational data mining as the process of converting raw data obtained from educational systems into
information that educational software, developers, teachers and researchers can use, described this
process in a more cyclical way:

Figure 2. Educational data mining process (Garcia vd., 2011)

Students produce educational data in classrooms with online or written exams such as Basic Education
to Secondary Education Transition (TEOG) exam. TEOG exam, which was a central examination
conducted throughout the country, could be considered an important data provider in the Turkish
education system. TEOG exam, which focused on the simultaneous implementation of educational
programs, differed in this sense from many measurement and evaluation applications (PISA, TIMSS,
PIRLS) that are applied internationally and focus on skills while dealing with the acquisition of
achievements in educational programs. TEOG also disseminated the evaluation of achievement
throughout the process and ensured the simultaneous implementation of the curriculum across the
country. TEOG had been implemented since 2013-2014 academic year and terminated as of 2017-
2018 academic year. Within the scope of this exam, over a million 8th grade students across Tiirkiye
took mathematics exams as well as the other lessons every year, which were applied in first term and
second term. Following the evaluation of the data of these exams, students had been placed in high
school education.

In the literature, studies related to the TEOG exam have been examined in various areas; such as the
relationship between mathematics course success and mathematics test success applied in the exam
(Caglar, 2015; Celikel and Karakus, 2017; Delioglu, 2017; Karakog and Kdose, 2018), the suitability of
TEOG mathematics exam questions for mathematics curriculum (Bagci, 2016; Basol et al. , 2016) and
the comparison of TEOG mathematics questions according to the updated Bloom Taxonomy (Altun,
2016; Basol, Balgamis, Karli and Oz, 2016; Dalak, 2015; Karaman, 2016; Karaman and Bindak, 2016;
Yakali, 2016). In addition, there is a study conducted by Can (2017) that examines the achievements
of the TEOG exam with data mining. The results provided in this study, were only related to learning
outcomes in Math curriculum. As seen in the literature, a variety of studies on students’ TEOG exam
conducted during the years when the TEOG exams were applied. But a sufficient number of studies
using data mining were not conducted at the stage of evaluating TEOG exams data.

TEOG was prepared to measure the level of acquisition in the curriculum. The acquisitions include the
basic math skills that students are expected to know. MATH (Mathematical Assessment Task
Hierarchy) taxonomy, developed from BLOOM's taxonomy and used to measure mathematical
knowledge, skills and abilities, can be used to evaluate a course where cognitive processes such as
mathematics are at the forefront. MATH taxonomy was developed specifically for mathematics in
order to make an accurate assessment in mathematics as an exchange of BLOOM taxonomy (Wood,
Smith, Petocz, & Reid, 2002). There are 3 groups in MATH taxonomy as A, B and C. Group A
consists of three categories, Group B consists of two categories, and Group C consists of three
categories (D’Souza and Wood, 2003; Smith, Wood, Coupland, Stephenson, Crawford & Ball, 1996;
Wood and Smith, 2007). MATH Taxonomy groups and categories that belong to each group are
shown in Figure 3.
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Figure 3. MATH Taxonomy groups and categories that belong to each group

In group A; categories such as factual information and information system, comprehension, routine
operations, respectively, are included according to the situations requiring high-level skills. In group
B, which requires higher-level skills than in group A, there are categories of knowledge transfer and
adaptation to new situations, again according to situations requiring higher-level skills. In group C,
which requires a higher level of skill compared to groups A and B, the justifying and interpreting
category is followed by Implications, Conjectures and Comparisons category, which require higher
level of skill, and the taxonomy, which is the last category, is completed (D'Souza and Wood, 2003).

Smith et al. (1996) explained the categories in MATH taxonomy as follows:

The “Factual Knowledge and Knowledge System” requires remembering a formula, definition or
theorem, and the skills in this category consist only of re-imagining previously learned knowledge.
“Comprehension” is a category in which it is somewhat possible to reproduce information without
understanding. It requires understanding the importance of symbols in a formula, recognizing
examples and counter examples of a mathematical concept or goal, and making a simple definition.
“Use of Routine Processes” requires proper use of information beyond simple factual recall.

“Information Transfer” requires being able to convert information from one form to another form such
as verbal to digital, numerical to graphic etc. “Adapting to New Situations” requires the ability to
select and apply appropriate methods or information in new situations.

“Justifying and interpreting” requires verification and justification of a result given or reached by the
student. "Implications, Conjectures and Comparisons" requires students to make inferences and
predictions from a given or achieved result or situation, and to verify or prove it. “Evaluation” is the
ability to verify the value of information for a given purpose based on certain criteria. This category
includes the ability of students to provide or determine criteria, to judge, and to consistently discuss
the principles of an algorithm. It also includes building something beyond what is given,
reconstructing information as a new whole, and perceiving an unprecedented application regarding the
application of information.

MATH taxonomy can be used to decipher the hierarchy between mathematical skills. When the
studies on MATH Taxonomy are analyzed, it is seen that both the teacher-prepared exam questions
(Kesgin, 2011; Aygiin et al., 2016) and the questions presented in large-scale exams (Ugurel, Moral,
and Kesgin, 2012; Morali, Karaduman and Ugurel, 2014) are categorised according to taxonomy. For
example, Ugurel et al. (2012) made a comparative analysis of the mathematics questions in the
Student Selection Examination for Secondary Education Institutions (OKS) and Placement Exam
(SBS) which were two of the ones utilized in our nation and also TIMSS exams within the framework
of 'MATH Taxonomy'.

In this study, the focus is to discover important information that is considered to be hidden in the data
collected within the scope of the TEOG exam, and the level of math skills included in the TEOG exam
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and the relationship between the math skills. In this study, the following research questions have been
addressed:

* How is the distribution of the exam questions in terms of the categories of MATH Taxonomy and
learning areas in mathematic curriculum?

* While examining the result of data, are there any associations observed between the mathematical
skills of the students in MATH Taxonomy?

* While examining the result of data, are there any associations observed between the learning areas in
the curriculum?

2. Method

The research model used in the study, the population and sampling, data collection and data analysis
are provided in the following sections.

2.1. Research Model

In this study, which was carried out with the aim of determining the association between mathematical
skills, the process and the visual element related to the process are shown in Figure 4.

Figure 4. The processes of the research

Firstly, 2016-2017 TEOG exam data has been provided by an official letter from Ministry of
Education Directorate General for Measurement, Assessment and Examination Services (ODSHGM).
Mathematics subtest results were then selected from all data. Next, empty and missing data had been
extracted from the data. Then, the correct answers of the students were coded as 1 and the wrong
answers and left blanks as 0. Finally, converted data was mining by using RapidMiner program and
FP-Growth algorithm. After these processes, the hidden information was obtained by evaluating both
the MATH taxonomy and math curriculum.

2.2. The Population of the Study

According to the statistics of the Ministry of National Education for the academic year of 2016-2017,
the total number of students expected to take the exam was 1.179.803, consists of 610.010 male and
569.793 female students. However, the number of students could not take the exam for various
reasons. Therefore, 1.174.247 students in the first term and 1.153.551 students in the second term
participated in the exams in the 2016-2017 academic year. However, the study group consists of the
the maximum number of data were obtained from ODSHGM, was allowed to use by researchers.
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2.3. Data Collection

Within the framework of TEOG, data from two time periods were collected with mathematics
subtests. On November 23, 2016, and on April 27, 2017, respectively. The mathematics subtest had 20
questions, which means that there were 20 variables for each student. The data of 10,000 students for
the first term and 10,154 students for the second term were chosen at random from the student exam
data. In this manner, a total of two matrices for the 2016—2017 academic year were obtained: one
matrix of size 20x10000 for the first term and one of size 20x10154 for the second term.

2.4. Data Collection Tools

The data collection tools were the mathematics subtests. Each mathematics subtest used as a data
collection tool contains 20 questions. The participants were given multiple choice questions with four
options as part of the data collection tools.

In Table 1, the test statistics for the mathematics subtest used in the first and second terms of the 2016-
2017 academic year are provided.

Table 1. 2016-2017 Mathematics Subtest Test Statistics

- . Average Difficulty Average Discrimination
Subtest Reliability Coefficient Index Index (Double Series)
Mathematics
(1st Term) 0.85 0.49 0.66
Mathematics
(2nd Term) 0.86 0.55 0.68

Table 1 shows that both terms of the mathematics subtest had reliability coefficients of 0.85 and 0.86,
respectively, indicating that both terms were reliable. Both terms' mathematics subtests had medium
difficulty, with mean difficulty indices of 0.49 for the first term and 0.55 for the second. Additionally,
the first and second periods' respective average discrimination indices were 0.66 and 0.68,
respectively. They were both different subtests.

2.5. Data Analysis

In this study, which was carried out with the aim of determining the association rules regarding
mathematical skills, the following steps were followed in the analysis phase of the data, respectively:

a) The mathematics subtest items in booklet A were matched to the learnings outcomes.

b) The questions in the subtest were classified by the researcher in accordance with the MATH
Taxonomy.

c) For the study's connection of the questions with the accomplishments and classification of
them in accordance with the MATH Taxonomy, the opinions of three specialists were
consulted.

d) Two separate data sets obtained from Ministry of National Education (MoNE) ODSHGM
were analyzed with the RapidMiner program developed by Dortmund Technical University.

The FP Growth algorithm, which is frequently preferred in the determination of the association rules,
was used in the analysis of data performed with the RapidMiner program.

3. Results

3.1. Findings Regarding MATH Taxonomy Category and Learning Areas in Mathematic
Curriculum Distributions

The process of categorizing the questions in the TEOG mathematics subtest into MATH Taxonomy
categories was initially made by the researcher and presented to the opinion of three experts. The
taxonomy catagory and sub-learning area to which each questions belongs were listed in the expert
opinion form as "1: Appropriate, 2: Not Appropriate."”
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Krippendorff’s Alpha coefficient was calculated for the analysis of expert opinions (3 experts and 2
categories). As a result of the expert opinion analysis, the Krippendorff’s Alpha coefficient was
calculated as 0.71 for the first term data and 0.68 for the second term data. Accordingly, it is possible
to say that expert opinions were moderately compatible. This phase was followed by the evaluation of
the opinions of the experts received as a whole and the examination of the items that were disagreed
individually. By re-evaluating the questions with the experts, the sub-learning area and taxonomy
category that the disagreed items belong to were defined, and consensus was achieved.

In the first and second terms of the 2016-2017 academic year, Table 2 demonstrates how the questions
on math subtests connected to the MATH Taxonomy categories and groups were distributed. In
addition, the number of questions included in the categories and the distribution percentages of the
questions are also given in Table 2.

Table 2. Distribution of Questions in Mathematics Subtests According to Math Taxonomy Categories

1ST TERM 2ND TERM
- =
QUESTION a a
o, (1)
NUMBER g %o QUESTION NUMBER g %o
C C
<« Factual Knowledge
a. and Knowledge 1 9 18 - - 3 15 - - - - - - 0 0
8 System
?3 Comprehension 11 - - - - 1 5 1 8 18 - - - 3 15
Routine Procedures 3 15 17 20 5 25 6 10 11 14 16 19 6 30
2 Information Transfer 2 10 12 - - 3 15 2 4 5 7 17 - 5 25
=) .
¢ AdaputiontoNew 5 5 43 19 5 25 1 9 - - . - 2 5
& Situations
&)
Justifying and § 14 - - - 2 10 2 3 12 - - - 3 10
O Interpreting
A L.
o Implications,
g Conjectures and 16 - - - - 1 5 3 13 15 20 - - 4 15
© Comparisons
Evaluation - - - - - 0 0 - - - - - - 0 0
TOTAL 20 100 20 30

As indicated in Table 2, the number of the questions on the mathematics subtest for the first term were
divided into mostly Group A, followed by Group B, and then Group C. Additionally, the questions in
the second term's mathematics subtest were designed to fall into Group A and resemble those from the
first term more closely. In Group C, there will be more questions in the second term than there were in
the first.

In Figure 5, the weighted distribution of the questions in mathematics subtests in MATH Taxonomy
categories and groups are shown.
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Figure 5. Distribution of the questions in TEOG mathematics subtests to MATH Taxonomy categories

Figure 6 for the mathematics subtests shows the distribution of the questions throughout the learning
areas and sub-learning areas of the mathematics curriculum.

Figure 6. Distribution of the questions in mathematics curriculum

The "Numbers and Operations" study area is where the majority of the first term's questions are
located, as seen in Figure 6. The questions are not equally distributed across the different sub-learning
areas, and they are mostly collected from the "Exponential Expressions" sub-learning area of the
"Numbers and Operations" learning area. Additionally, no questions from the "Probability" study area
are provided for the first term. The second term's test questions are mostly focused on the subject of
"Algebra." All four learning areas were used to prepare questions for the second term. Compared to
the first term, there is a more balanced distribution of the questions.

3.2. Findings on Association Rules for the First Term

Applying the FP Growth algorithm on the 10.000 data from the first term in the RapidMiner program
generated the association rules. The rules obtained from first term mathematics subtest data with the
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confidence value of above 0.97 through RapidMiner program and the association of questions are
given in Figure 7.

Rule 267 (0.341/ 0.978)

Question1

Question11

Rule 271 (0.337 / 0.982)

Rule 263 (0.343 / 0.976)

Rule 264 (0.390 / 0.976)

Rule 266 (0.346 / 0.978)

Question12

Rule 265 (0.347 / 0.977)

Question4

Question3

Question2

Rule 269 (0.353 / 0.979)

Question

Question?

Rule 268 (0.344 / 0.979)

Rule 270 (0.339/ 0.981)

Figure 7. The rules obtained through the RapidMiner regarding the first term mathematics subtest data

The associations between the questions are also given in Figure 7. The first of the numerical
expressions given in parentheses regarding the association rules between the questions shows the
support value, and the second one shows the confidence value. The support value expresses the
availability of the obtained rules, while the confidence value indicates their correctness. In other
words, the support value explains how often the two questions appear together in the entire data set.
When one is answered correctly, the confidence value explains the situation when the other is
answered correctly. Looking at this network of relationships mentioned in Figure 7, it seems that the
first question most often shows a relationship with other questions.

The association rules, which are obtained through the RapidMiner program with the first term
mathematics subtest data and have a support value greater than 0.5, are given in Table 3.

Table 3. Association Rules Regarding the First Term

Rule No Prior Result Support Value Confidence Value
1 Question3 Questionl 0.69 0.92
2 Question5 Questionl 0.61 0.91
3 Question11 Questionl 0.57 0.93
4 Question5 Question3 0.56 0.85
5 Question9 Question| 0.54 0.93
6 Question1, Question5 Question3 0.53 0.88
7 Question3, Question5 Question| 0.53 0.95
8 Question11 Question3 0.53 0.87
9 Question12 Question] 0.53 0.92
10 Question9 Question3 0.51 0.89
11 Question11 Question1, Question3 0.51 0.84
12 Question1, Question]1 Question3 0.51 0.90
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13 Question3, Questionl1 Questionl 0.51 0.96
14 Question12 Question3 0.50 0.88

The association rules given in Table 3 can be explained as follows:
We can give the Rule 1 as shown below as an example of the interpretation of the association rules,

Rule 1: 69% of the students answered the 3rd and 1st questions correctly together. 92% of the students
who answered the 3rd question correctly, answered the 1st question correctly. In other words, students
who have the skills specified in the “Routine Procedures” category also have the skills given in the
"Factual Knowledge and Knowledge System" category with a 92% probability. This association also
reveals that 92% of the students who answered the question in the "Multipliers and Multiples" sub-
learning area correctly, answered the question in the "Operations with Integers" sub-learning area
correctly.

Rule 13: 51% of the students answered the 3rd, 11th and 1st questions correctly together. 96% of the
students who answered the 3rd and 11th questions correctly answered the 1st question correctly. This
rule shows that students who have skills specified in the “Routine Procedures” category and
“Comprehension” category also have the skills given in the "Factual Knowledge and Knowledge
category with a 96% probability. At the same time, a unity is also revealed in terms of learning areas.
96% of the students who answered the questions in the “Exponential Expressions” and “Operations on
Integers” sub-learning areas correctly, answered the question in the “Multipliers and Multiples” sub-
learning area correctly.

The rules related to the MATH Taxonomy obtained according to the first term mathematics subtest
data can be summarized as in Figure 8.

Figure 8. The rules related to the MATH Taxonomy obtained according to the first term
mathematics subtest data

The rules related to the sub-learning areas obtained according to the first term mathematics subtest
data can be summarized as in Figure 9.
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Figure 9. The rules related to the sub-learning areas obtained according to the first term
mathematics subtest data

3.3. Findings on Association Rules for the Second Term

Applying the FP Growth algorithm on the 10.154 data from the second term in the RapidMiner
program generated the association rules. The rules with the confidence value of above 0.98 obtained
through RapidMiner program from second term mathematics subtest data and the association of items
are given in Figure 10.

Figure 10. The rules obtained through the RapidMiner regarding the second term mathematics subtest data

The association rules, which are obtained through the RapidMiner program with the second term
mathematics subtest data and have a support value greater than 0.6, are given in Table 4.

Table 4. Association Rules Regarding the Second Term

Rule No Prior Result Support Value Confidence Value
1 Question17 Question§ 0.71 0.96
2 Question1 Question§ 0.71 0.95
3 Question18 Question8 0.70 0.95
4 Question2 Question8 0.69 0.95
5 Question6 Question8 0.63 0.96
6 Question4 Question8 0.61 0.95
7 Question18 Question2 0.61 0.83
8 Question2 Question18 0.61 0.83
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9 Question18 Question17 0.61 0.83
10 Question2 Question1 0.60 0.83
11 Question2 Question17 0.60 0.82
12 Question18 Question1 0.60 0.82

We can give the Rule 1 as shown below as an example to the association rules given in Table 4.

Rulel: 71% of the students answered the 17th and 8th questions correctly together. 96% of the
students who answered the 17th question correctly, answered the 8th question correctly. In other
words, students who have the skills specified in the “Information Transfer” category also have the
skills given in the "Comprehension" category with a 96% probability. This association also reveals that
96% of the students who answered the question in the "Triangles" sub-learning area correctly,
answered the question in the "Probability of Simple Events" sub-learning area correctly. The
association between these two questions, which are not directly related in terms of learning areas,
becomes more significant when evaluated from a taxonomic point of view.

The rules related to the MATH Taxonomy obtained according to the second term mathematics subtest
data can be summarized as in Figure 11.

Figure 11. The rules related to the MATH Taxonomy obtained according to the second term mathematics subtest
data

The rules related to the second term mathematics subtest data and the sub-learning areas in the
mathematics curriculum can be summarized as in Figure 12.

Figure 12. The rules related to the sub-learning areas obtained according to the second term
mathematics subtest data

4. Discussion and Conclusion

The primary purpose of this study was to determine how the math subtest's questions were distributed
throughout the MATH Taxonomy categories and curriculum learning areas. The second purpose was
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to use student answer patterns to show how categories in the MATH Taxonomy relate to one another.
The final purpose was to show the connection between the different learning areas in math curriculum.

Firstly, the association of the questions in the mathematics subtest according to the MATH Taxonomy
category was revealed in order to describe the exam. The majority of the questions in the mathematics
subtest of the TEOG exam were in the "Routine Procedures" category. Similarly, Ugurel et al. (2012)
find that the majority of the questions in the SBS 7 and SBS 8 national exams were related to "Routine
Procedures”. Aygiin et al. (2016) also drew attention to the fact that two out of every three questions
prepared by teachers in mathematics exams were questions about the routine procedures. The results
show that the majority of the questions on both the large-scale exam and the teacher-prepared exams
are designed to assess Routine Procedures category in the MATH Taxonomy. The questions in the
large scale exams are more likely to assess the skills on the lower steps of the taxonomy due to the age
level of the group and the structure of the test technique. Overall, the results show that the majority of
questions were prepared in the Group A category, while the minority of questions were prepared in the
Group B and Group C categories in line with the studies of Morali et al. (2014), Kesgin (2011),
Aygiin et al. (2016) and Mullis et al. (2020). It can be said that the structure and purpose of the TEOG
exam are also not conducive to assess high-level mathematical skills.

The TEOG exam's questions were developed in accordance with the curriculum's objectives. As a
consequence, the distribution of the questions in relation to the mathematical curriculum's learning
areas is provided. The first term was mostly based on “Numbers and Operations’’and the second term
was mostly based on “Geometry and Measurement” learning areas. This result is similar to the results
of the study conducted by Bagci (2016). In her study, 2013-2014 TEOG mathematics sub-test question
distribution was examined and it was concluded that the questions in the first term mainly related to
the square root numbers (Numbers and Operations), and in the second term, questions are related to
triangles and equations (Geometry and Measurement-Algebra). This result regarding the inclusion of
more questions in the "Numbers and Operations" learning area and the "Algebra" learning area is also
similar to the TIMSS 2019 results. The weight of these two areas in the exam in TIMSS 2019 is 60%
(Mullis et al. 2020).

As a consequence, it was discovered that "Numbers and Operations" was the most frequently utilized
learning area to assess these skills, and that "Using Regular Operations" skills were the most
frequently measured. It is also noteworthy that there are variety of learning areas that are widely used
in the measurement of certain skills. Therefore, those who prepare large-scale exams and teachers can
create different types of questions for the skills they want to measure when preparing exam questions,
the connection of the questions to everyday life can be increased and the relationship with different
learning areas can be ensured.

Following the results of the distribution of mathematical skills and learning areas in the TEOG exam,
association rules were reached by the analysis of student response patterns. The relationships between
the mathematical skills that students have and these skills are as follows dec:

In the mathematics subtest in the first term, the categories of the five questions answered most
correctly in the MATH taxonomy are respectively listed as “Knowledge and Knowledge System”,
“Routine Procedures”, “Adaptation to New Situations” and “Comprehension”. The least correctly
answered question is in the category of "Implications, Conjectures and Comparisons". In other words,
it is seen that the skills in Group A and Group B categories are acquired more; the acquisition rate of
the higher-level skills in Group C is low. In the second term, the categories of the five questions
answered most correctly in the MATH taxonomy are respectively listed as “Comprehension” and
“Information Transfer”, “. The least correctly answered question is in the category of "Justifying and
Interpreting". These results showed that the most correctly answered questions are mainly in category
A; the least correctly answered questions are in Category C. The results of a study conducted by
Kesgin (2011) with pre-service mathematics teachers are in line with this result. According to his
study, pre-service mathematics teachers prepared the exam questions mainly in Group A in the MATH
Taxonomy compared to the Group B and C.

In addition, students with any level of skills in MATH taxonomy are able to perform skills in
subcategories at a high rate. And this result confirms Smith et al. (1996)’s work. Smith et al. (1996)
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stated that there is a hierarchy between the groups and the categories in the groups. He noted that
Group A contains lower level of mathematical skills than Group B.

In the study, the group with the most correct answers was Group A and the group with the least correct
answer was Group C. Smith et al. (1996) is an indicator of the hierarchy between skills. However, in
this study, it has been determined that students with skills required for the “Knowledge and
Knowledge System” category can fulfill the skills in “Routine Procedures”, that students with skills
required for the “Comprehension” category can fulfill the skills in “Routine Procedures”, and that
students with skills required for the “Knowledge and Knowledge System” and "Comprehension"
categories together can fulfill the skills in “Routine Procedures”. These results show that students with
the skills required for the sub-categories in MATH taxonomy can correctly answer questions in
categories that require higher skills in the same group. This is a sign that the mathematical skills
included in the “Routine Procedures” can go beyond the hierarchical structure. This finding does not
overlap with the opinion stated by Smith et al. (1996) that there is a hierarchy between the categories
in the same group.

The relationship of the most correctly answered questions with the learning areas in the curriculum
can be summarized as follows: students who have educational acquisition in the learning areas
provided later in the mathematics curriculum have a high rate of knowledge in the previously provided
learning areas. The "Operation with Integrers" sub-learning area has prerequisites for many other
learning areas, which shows the value of fundamental knowledge when the facts from the first term
are evaluated broadly. This result has shown that it is extremely important for students to have basic
operation skills before focusing on intensive learning areas.

The most striking situation in the association analysis of the second term data is that the "Probability
of Simple Events” sub-learning area is associated with a large number of sub-learning areas.
Accordingly, it is inevitable for students to encounter failure even if they are deprived of pre-learning
even on a subject that has its unique rules and algorithms such as probability.

In addition, the questions answered correctly by the students in the first term showed more correlation
with the different groups and levels of the MATH taxonomy. On the other hand, the questions
answered correctly in the second term were mostly related to the steps of Group A and the first step of
Group B. This shows that questions in the first term exam were able to measure different and high-
level skills. The fact that the questions were not prepared in the first term to cover all the learning
areas in the curriculum is a sign that a higher level of question was prepared when measuring
mathematical skills compared to the second term. The content validity of the test was increased by the
fact that the questions asked in the second term were more balanced than the curriculum. However, the
steps by which the questions were related to the skills in MATH taxonomy and the mathematical skills
that were desired to be measured remained at lower levels. The mean difficulty index of the first-dec
test (0.49) and the mean difficulty index of the second-dec test (0.55) also confirmed this difference
between the two periods regarding the levels of mathematical skills measured.

5. Suggestions

Within the scope of the research, important results have been obtained regarding the relationship
between mathematical skills and mathematics sub-learning areas. It should be taken into consideration
by mathematics educators that the hierarchical structure of MATH Taxonomy appears even in exam
conducted with large masses. In this context, it is recommended that mathematics educators and, in
particular, mathematics teachers should consider this taxonomy when choosing the skills or learning
areas, they expect from their students to exhibit. Because important information about which skills or
learning areas should be acquired primarily is included in the taxonomy.

In the mathematic education, the importance of pre-learning is constantly emphasized. However, the
full learning of a subject may not always occur even if the pre-learning about the subject is completed.
In the light of the results, the clear determination of other topics related to a subject may be important
for the full learning of a subject. For this reason, it is recommended for teachers to advance their
lessons by establishing various associations based on the association relations of mathematics subjects.
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In addition to this, during the preparation of mathematics curriculum, the time and place of the
subjects can be re-evaluated in the curriculum by taking into consideration the associations regarding
learning and sub-learning areas.

Furthermore, the following suggestions are recommended:

(a) The study can be expanded with associations with higher support value by expanding the data
set used in the research.

(b) Associations regarding mathematical skills can be revealed by using the exam data applied
within the scope of TEOG system in different years.

(c) Associations regarding mathematical skills can be evaluated together by including different
types of exams in the research.

(d) The study can be detailed by comparing the results through different data mining analysis
programs.
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