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. Abstract
Keywords: This study aimed to an examination of Libyan and Turkish students'
Libyan and thinking levels of quadratic patterns generalization according to SOLO
Turkish students' | taxonomy. The study model was a hybrid design with predominantly
thinking levels, qualitative design. In this study, the working group was consisted of 112

] from Libyan students at three high school in the city of Tripoli in Libya
quadratic patterns | and 129 Turkish students at three high school in the city of Kastamonu
generalization, in Turkey. The study was undertaken in the 2018-2019 academic year.
Overall, the results showed that most Turkish and Libyan students who
SOLO taxonomy. participated in the study mostly their level on the Uni-structural level,
Paper Type: the Multi structural level and the Relational structure level in quadratic
patterns generalization, However, some of them were able to reach
successful in moving Advanced thinking levels in this area. Despite of
these, there Libyan and Turkish students left the problems blank and
there were students at the pre-structural level. In order for students to
achieve a higher level of thinking in understanding and quadratic
patterns generalization. Supporting students to develop their thinking
level by solving problems and getting them involved in different
activities that are aimed at promoting their skills and improving their
level thinking in quadratic patterns generalization. In addition,
mathematics teachers should create opportunities for students to relate
their mathematical ideas and concepts to enable the students to promote
their ability in thinking, as well support students' thinking levels in
moving from a design-based learning environment that encourages
"recalling facts" to one that encourages "analysis and synthesis".
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*This study was derived from the first author’s doctoral dissertation titled “Investigation of Turkish and Libyan Students” Algebraic Thinking Skills in Quadratic

Equations with one Unknown According to SOLO Taxonomy,” submitted to Kastamonu University Institute Science
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Introduction

Mathematics is one of the most important sciences in this world, its value and importance have
gradually increased throughout history. Mathematics occupies a prominent place in the educational
curricula of various countries world (Polat, 2010), and is considered fundamental at all educational
levels, its importance is particularly pronounced at the primary level, as it provides students with the
foundational mathematical knowledge necessary for continuing their mathematical studies in later
educational stages (Isik & Tarim, 2009; Yildirim, 2006).

Mathematics and its various branches play a major role in developing students' thinking skills.
Thinking is the basis of the learning process. Developing thinking skills is primary educational
requirement, as it leads to a deeper understanding of the knowledge content students acquire.
Algebraic thinking is one of the most important types of thinking associated with mathematics, and
it is considered a Wayport for students' thinking skills, given its effective contribution to solving
mathematical problems, it has an important role in mathematics, and it is a way of seeing the real
world (NCTM, 1992).

Different researchers have tried to reveal components of algebraic thinking. For Example, Dindayal
(2003) sees algebraic thinking includes three skills the use of symbols and algebraic relationships, the
use of multiple representations, the use of patterns and generalizations. Celik (2007) sees, algebraic
thinking consists of three basic skills: using symbols and algebraic relations, utilizing multiple
representations, and formulating generalizations (Celik, 2007). As for Celik (2007) and Bagdat (2013)
also emphasizes that algebraic thinking consists of the ability to use symbols and algebraic relations,
benefit from multiple representations and formulate generalizations. Through literature,
generalization is an important indicator of algebraic thinking, and it is an essential skill in algebraic
thinking. Algebraic thinking is a process that serves the aim of generalization (Kaput, 2008). Pattern
and generalisation are both thought to be fundamental to mathematics and Patterns are a key step in
the formation of generalization (Hargreaves, Shorrocks-Taylor & Threlfall, 1998).

In our daily life, because there are a system and pattern in many matters in our life, patterns may be
described as structures which human encounter in every area of daily life area (Palabiyik & Akkus-
Ispir, 2011). In mathematics, patterns are one of its most important topics, and it's the heart and
essence of mathematics. (Zazkis & Liljedahl, 2002). Patterns are any predictable regularity (Mulligan
& Mitchelmore, 2009). Patterns can be classified as numerical or non-numerical (Smith ,1997).
Patterns can be classified as linear and quadratic (Stacey, 1989). as well as patterns can be classified
into numerical patterns, pictorial patterns, repeating patterns, and linear and quadratic patterns (Zazkis
& Liljedahl ,2002)

Many researchers have sought to study the stages or levels of development of pattern recognition
ability. There are studies that show students do not have difficulty with generalization of patterns, for
example, in a study conducted by Cathcart et al. (2003) asserted children can learn to see relationships
and generalize. In a study conducted by Lannin (2005), which aimed to understand students' thinking
and their ability to generalizations, the results showed that students can easily generalize the pattern.
In study was conducted by Lee and Freiman (2006), results showed researchers found that children
could discover patterns more easily at an early age. In a study made by Amit &Neria (2008), it was
aimed to focus on the generalization methods used by students in solving linear and non-linear pattern
problems. Results showed that students can easily generalize patterns. In a study made by Akkan
(2013), it was aimed to determine strategies when dealing with problems related to linear and
quadratic patterns. As a result of the study, it showed students' efficiencies of generalizing patterns
and the variety of their strategies.
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However, there are some other studies that have indicated many of the difficulties students encounter
in patterns generalization. For example, in a study made by Cayir and Akyiiz (2015), it was aimed to
determine the pattern generalization strategies of 9th grade students, a result of the study, students
had difficulty in finding the generalization rule algebraically. As for study conducted by Andini and
Suryadi (2017), As a result of the study, most students could not understand pattern generalization
problems. As for study made by Yesildererules and Akko¢ (2011), it was aimed to determine the
strategies which a total of pre-service teachers used to teach how to find the rule of patterns. As a
result of the study, it was determined that the pre-service teachers had some difficulties related to
patterns.

It is clear in these previous studies that patterns were among the subjects in algebra which some
students had difficulty comprehending and there were already some difficulties related to the concept
of pattern, and how to perceive the pattern algebraically (Lee ,1996). For students to become creative
in understanding patterns and perceive an algebraically useful pattern. Overcoming all these
difficulties, it is necessary to know students' thinking levels of pattern understanding and to give
recommendations and suggestions that mitigate and reduce these difficulties. Therefore, this study
aims to an examination of Libyan and Turkish Students’ Thinking Levels Through their
Generalization in Quadratic Patterns according to SOLO Taxonomy. This study is like some studies
that identified the level of students’ thinking and their knowledge of patterns, as well as in the tools
used and their use of SOLO Taxonomy as in mathematics at different levels in the literature as a
study (Lam & Foong, 1996; Pegg & Coady, 1993; Bagdat, 2013; CELIK, 2007; Elazzabi & Kagar,
2020). The current study differs from previous studies in that it examines the thinking levels of
students of two countries in quadratic patterns generalization according to SOLO Taxonomy.
Therefore, being in line with the stated aim, answers to the following questions were sought in the
study:

1. What are Libyan and Turkish students’ thinking levels Through their quadratic patterns'
generalization according to SOLO Taxonomy?

2. Is there a significant difference between the thinking levels of Turkish and Libyan students
to quadratic patterns generalization?

Method

The Study Design

As it is descriptive in nature, The case study design was chosen as the most suitable for the nature of
the current research objectives, which is one of the qualitative research methods, which allows to
determine the attitudes, successes, and ideas of the group of participants (Miriam, 1991; Stake, 1994).
The problem-solving thinking levels that the students applied to the quadratic patterns' generalization
problems were analyzed according to the answers obtained by the developed measurement tool.
SOLO Taxonomy was used to examine the students’ thinking levels. The qualitative data obtained
from the measurement tool prepared in Arabic and Turkish were analyzed.

Participants

In this study, the participants was consisted of 112 Libyan students at three high school in the city of
Tripoli in Libya and 129 Turkish students at three high school in the city of Kastamonu in Turkey.
The study was undertaken in the 2018-2019 academic year. As the schools were willing to open their
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doors to carry out the study, convenient sampling was the primary choice for the working group
selection (Patton, 1987). Since these students were in the high grade in high schools and they were
about to finish from high study , the working group had already studied quadratic patterns and they
had the knowledge of quadratic patterns in order to solve the questions asked in this study.

Data Collection Tools

In the study, a four-problems test regarding quadratic patterns generalization was given to the
students as data collecting tool, and In addition to Benefit some from the literature as ( Ontario, 2013
) were also consulted in developing this test. The data of the study were obtained through this test.
The test was conducted in the 2018 —2019 academic year. Test is shown in the finding section. Each
of the problems in the test are designed to reflect the students' level of thinking in quadratic patterns
generalization. Academics’ views in mathematics education were taken in Faculty of Education,
Kastamonu University with research experience in algebraic thinking and pattern generalization
reviewed the instrument to determine whether the questions were appropriate and valid in terms of
language, level, and content. For the reliability of data obtained from the test, compatibility between
the encoders was taken into consideration. After the students' answers were encoded independently
by two supervisors, the student's answers were encoded independently by two supervisors, the
Cohen’s Kappa concordance coefficient was calculated. Results of Cohen’s kappa coefficient were
0.87. Therefore, this result is enough for measuring the consistency of the encoder analysis.

Data Analysis

In this study, according to the descriptive research method the students' responses were analysed
according to SOLO taxonomy. The students' responses examined in detail and their thinking levels
regarding generalization in quadratic pattern according to SOLO taxonomy. The thinking levels of
SOLO Taxonomy and how these assessments were undertaken are explained in below (Biggs & Collis
1991):

Pre-structural Level (PSL): This is the lowest level of SOLO taxonomy on which students cannot
understand the problem. Misinterpretation of the problem. Unrelated answers.

Uni-structural Level (USL): In this level, students understanding of the problem is limited. Students
focu on one aspect of the problem. Since students focu on only one aspect of the problem , so the
answers are limited and unenough.

Multi-Structural Level (MSL): In this level, students can establish a more complex relation. Students
use several aspects of the problem without comprehending the relations between them, so students
cannot connect these aspects. This means there is no relational connection between students answers.

Relational-Structural Level (RSL): In this level, students can generalize the relation. Students give a
rule or formula for the relation. Students understand all the aspects of the problem in relation to the
answer. Therefore, they can connect these aspects in this level.

Abstracted-Structural Level (ASL): This is the highest level of SOLO taxonomy on which students
can thinking and generalize beyond the data. Students creat new things. Students go beyond the
problem to develop a new strategy to reach a solution.

Students' responses to the test were classified with the help of a numerical scale depending on the
SOLO taxonomy (Mooney, 2002; Rider, 2004). The answers were coded as:

"1" For Pre-structural level (PSL),
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"2" For answer at the Uni- Structure level (USL),

"3" For an answer at the Multi- Structure level (MSL),

"4" For answer at the relational Structure level (RSL).

In addition, when students no answered for questions (Blank), the symbol is "0".

In this way, thinking levels of Libyan and Turkish students regarding quadratic pattern generalization
according to SOLO taxonomy were determined. Obtained results were interpreted by conducting
percentage, arithmetic average, graphic shapes, Mann Whitney U-Test was used as an alternative test
of T-test.

Finding

In this study, The responses of the Libyan and Turkish students were analyzed according to SOLO
taxonomy, then the findings obtained were presented in graphs with examples from students. At least
one sample was presented from both countries and student answers will be displayed at the highest

level students have reached in every problem. They were carefully selected to represent other In
addition, data obtained from study were analysed with SPSS computer program.

Findings and Comments Related to the First Research Question
The findings of the analysis of the students’ responses to the first problem.

problem 1: Find the rule that relates the pattern number to the number of blocks and identify
how the pattern is growing.

1
[ 1 2 3

The analysis of the answers given to the 1st problem according to the SOLO taxonomy is
given in the Graph 1.
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Graph 1. The Analysis Of The Answers Given To The 1st Problem According To The SOLO
Taxonomy

As is seen in the graphl, the findings indicate that a majority of the Turkish and Libyan students
participating in the study can demonstrated relational-structural level thinking in solving the first
problem. As for the Libyan students, 49.11 % of are at the relational-structural level (RSL), and For
the Turkish students, 60.47% of are at the relational-structural level (RSL). In this problem, it means
that students thinking levels in regarding generalization quadratic patterns are high. In addition,
Turkish students' level was higher than the Libyan student's level. Some of the answers given by the
Libyan and Turkish students at the relational -structural level are given below:
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Figure 1. a Libyan students' sample answers to first problem
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Figure 2. a Turkish students' sample answers to first problem

As for figures 1 and 2 students were able to provide a correct answer to this question. Students have
the necessary knowledge and skills to present a solution using the right method, students took on a
good step in the solution, students were able to solve the problem by using appropriate steps, and
students can formulate a pattern rule. They could generalize the relation and put a rule, they could
find the rule that relates the pattern number to the number of blocks, and they could identify how the
pattern is growing. For this reason, the students’ answers accepted to be at RSL.

The findings of the analysis of the students’ responses to the second problem.

Problem 2: The following table shows the side length and area of a square. Side length of

square = X.

Side length 1 2 3
The area 1 4 9 64

(a)Find the missing value on the table.

(b)Do you see any patterns in the table, if so? Describe them.
(c)If there is pattern, what is the formation rule of the numbers in the pattern?

Here present the findings of the analysis of the students’ responses to the second problem, which is
in three parts.
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Problem 2 - Part a: The analysis of the answers given to the 2nd problem - part (a) according to the
SOLO taxonomy.

%
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Graph 2. The analysis of the answers given to the 2nd problem according to the SOLO
taxonomy: Part a

As is seen in the graph 2, findings indicate that a large proportion of the Libyan and Turkish
students participating in the study can succeed in answer to part (a), the most common level for
students in both countries was the Uni-structural level. Where the Libyan students, 99.11 % of was
at the uni-structural level (USL), and For the Turkish students, 100% of are at the uni-structural level
(USL). In addition, Turkish students' level was higher than the Libyan students' level. Some of the
answers given by the Libyan and Turkish students at the uni-structural level are given below:

Jsaall 850 sl Aaall e Sl ()
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[Taking the square root of 64, the missing value is 8.]
Figure 3. A Libyan students' sample answers to second problem — Part a

(a) Tablodaki eksik degeri bulunuz.

)(2'—.: &, Hangu' saymnm Laesi 64 ' 4Gr C
X =& B 'in Loesi 6L 1Gr
E KT= B =60

Figure 4. A Turkish students' sample answers to second problem — Part a

As shown in Figures 3 and 4, these two students could provide a correct answer to this problem, which
suggests that they had the necessary knowledge and skills to present a solution using the right method.
The students took on a good step for the solution and they can complete the solution, this indicates
students' understanding of quadratic patterns . For this reason, the students’ answers were accepted
to be at USL in part (a).

Problem 2 - Part b: The analysis of the answers given to the 2nd problem - part (b) according to the
SOLO taxonomy.
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Graph 3. The Analysis of The Answers Given to the 2nd Problem According to The SOLO
Taxonomy: Part B

Here, it was observed that a large proportion of the Turkish and Libyan students participating in the
study can succeed in advancing toward advanced thinking levels. As for the Libyan students, 85.71
% of are at the relational-structural level (RSL), and For the Turkish students, 86.82% of are at the
relational-structural level (RSL). It means that students thinking levels in regarding the formulation
of quadratic patterns are high and a large percentage of the Libyan and Turkish students were able to
knowledge the pattern and its description. Some of the answers given by the Libyan and Turkish
students at the relational-structural level are given below:

Caiiad IS a1 SIS 13) cJgandl b daai s s 5 s (=)
B e g N gb Boteci L8 - g
A LT ji=s CN) L Ot
I imE i s S 7 Y=g

[area is squaring the side length, and the pattern is a quadratic pattern]
Figure 5. A Libyan students' sample answers to second problem — Part b

DI0dd lieiiialigl DI OTdiild gOoIuyor musuliiudr cgel vdiod dyinigayilinie.
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lani “aym ki sayinn Gapldmasi cemek o soyinin koresinl almak cbmetdinr
8u da. Kenann Laresi (X2) Srankisana bize vesr

Figure 6. A Turkish students’ sample answers to second problem — Part b

As shown in Figures 5 and 6, these two students could provide a correct answer to this problem, which
suggests that they had the necessary knowledge and skills to present a solution using the right method.
The students took on a good step for the solution and they were able to knowledge the pattern and its
description, this indicates students' understanding of quadratic patterns . For this reason, the students’
answers were accepted to be at RSL in part (b).

Problem 2 - Part c¢: The analysis of the answers given to the 2nd problem - Part (c) according to the
SOLO taxonomy.
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Graph 4. An analysis of the answers given to the 2nd problem according to the SOLO
taxonomy: Part c

As is seen in the graph4, it was observed that a large proportion of the Turkish and Libyan students
participating in the study can succeed in advancing toward advanced thinking levels. As for the
Libyan students, 89.29 % of are at the relational-structural level (RSL), and For the Turkish students,
79.07 % of are at the relational-structural level (RSL). It means that students thinking levels in
regarding the formulation of quadratic patterns are high and a large percentage of the Libyan and
Turkish students were able to knowledge the pattern and find the formation rule of the pattern. Despite
this, Libyan students' level was higher than the Turkish students' level. Some of the answers given by
the Libyan and Turkish students at the relational-structural level are given below:

Y sl 3 a8 W) daas) Sac Gl Sa o 9SS 15la ¢ daas s -

o =
P \{)\§\ N\ i = TR L.
2

O
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[The area is equal to the square of the side length, m =(L)?, L = side length]
Figure 7. A Libyan students' sample answers to second problem — Part ¢

(c) Eger oruntid varsa, 6Srantuniun kurali nedir?

o Akn L = X‘l Ocat
x | / x e

>

Figure 8. A Turkish students' sample answers to second problem — Part ¢

In the answers given in figures 7 and 8, where students were able to provide a correct answer. Students
have the necessary knowledge and skills to present a solution using the right method. Students took
a good step in the solution, they could find the formation rule of the pattern, and they could generalize
the relation and put a rule of the pattern. For this reason, the students’ answers accepted to be at RSL.

The findings of the analysis of the students’ responses to the third problem.

Problem 3: Ali, his neighbors who farm apples. They plant their apple trees in square patterns in each
orchard. To protect the trees from the wind, they plant evergreens all around the orchard the diagram
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to the below illustrates the pattern of apple trees and evergreens for any number (n) of rows of apple
trees.

A = EVErgreen — T
w - appletree
A A & & A A A A&
Aok ok ok A AA vy W W W
A A A A A AW W Wi A &
A i & A9 Wi Fy A AW W W Wi [
i WA A F Y AW W Wi & & T
A &k &k AW WA & A AW W W Wi
F AW W Wi & ik
A A kA A AL AW W W Wi
Y Y Yy YWY
n=1 n=2 n=3 n=4
1 [

a) Do you see any patterns in the diagram? If so, describe them.
b) How many of each type of tree will be there when n = 6?
¢) When does the number of apple trees equal the number of evergreens? Justify your response.

d) How does the growth of the number of apple trees compare with the growth of the number
of evergreens?

Here present the results of the analysis of the students’ responses to the third problem, which is in
four parts.

Problem 3 - Part a: The analysis of the answers given to the 3rd problem - part (a) according to the
SOLO taxonomy.

90.00%
80.00%
70.00%
60.00%
50.00%
40.00%

0,
30.00% 17.83%

20.00% )  12s0%
10.00%  1.79%3-88%  2.68%098%  4.46%6.20%

0.00% —_— — = E B E
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Graph 5. The analysis of the answers given to the 3rd problem according to the SOLO
taxonomy: Part a

As is seen in the Graphb, findings indicate that a large proportion of the Turkish and Libyan students
participating in the study can succeed in advancing toward advanced thinking levels. As for the
Libyan students, 78.57 % of are at the relational-structural level (RSL), and For the Turkish students,
65.12% of are at the relational-structural level (RSL). In this problem, it means that students' thinking
levels in regarding the formulation of quadratic patterns are high. In addition, Libyan students' level
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was higher than the Turkish students' level especially at the relational-structural level. Some of the
answers given by the Libyan and Turkish students the relational structural level is given below:

N

P T el R (CET P
~ny >
="
N N - S o~ o=
“L? ) e ;= o~ = -

- Y ~J oo ><
k M~ x5 ?? ?’: Sa >

> A Rl X, - s

Figure 9. a Libyan students' sample answers to third

Diyagramda herhangi bir 6riintii gériiyor musunuz? Eger varsa aciklayiniz.
add™

.__ri:’-.—t-/ n=2 = S:LU?S; her basamapin erest ko
=) ise A=% oL se Ly = @
A=1b A sayst bic dnceki basemagin A soysina

ase. B fazles:
n. 8

Figure 10. a Turkish students' sample answers to third problem — Part a

As for figures 9 and 10 students were able to provide a correct answer to this problem. Students have
the necessary knowledge and skills to present a solution using the right method, students took on a
good step in the solution, students were able to solve the problem by using appropriate steps. Where
students can see the pattern in the diagram, description of pattern and they could identify how the
pattern is growing.and also they could generalize the relation and put a rule. For this reason, the

students’ answers accepted to be at RSL.
Problem 3 - Part b: The analysis of the answers given to the 3rd problem - part (b) according to the
SOLO taxonomy.

80.00% 72.09%
66.07%
60.00%
40.00%
23.21%
16.28%
20.00% 6.26% ., 8.53%
2073 10% 4.46% o o
— (= 0.00% 0.00%
0.00% — —
B P u M R
HLibya HTurkey

Graph 6. The analysis of the answers given to the 3rd problem according to the SOLO
taxonomy: Part b

As is seen in the Graph6, findings indicate approximately 66.07% of the Libyan students tried to solve
the problem at multi-structural, 23.21% are at the uni- structural level (USL), and 4.46% ware at the
pre-structural level (PSL). For the Turkish students,72.09 % of are at the multi-structural level (MSL),

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
Journal of Mathematics, Science and Technology Education (OJOMSTE), 7(1), 96-117.



https://ojomste.com/index.php/1

Online Journal of Mathematics, Science and Technology Education (OJOMSTE)

Vol: 7 No: 1 Year: 2026

journal homepage: https://www.ojomste.com/index.php/1

16.28% are at the uni- structural level (USL), and 8.53 % ware at the pre-structural level (PSL). In
this question, most levels of the students were multi-structural level. Some examples from solutions
of students are as follows:

C 6 = O eSS SN e SN e g 2 IS 23s oS ()

24.,/ ER Sy —4 == l:"“'

— gz A

e

[Apple =36/y =x? but trees=48/y=8Xx]
Figure 11. a Libyan students' sample answers to third problem — Part b

(b) Nn=6 oldugunda her bir agacg turuinden toplam kag tane olur?

E = I’LL - bz -_— ab toe C\(('O.

A = .2 = b-%2 = 4L8 +tone Caom

Figure 12. a Turkish students’ sample answers to third problem — Part b

As shown in Figures 11 and 12, these two students could provide a correct answer to this problem.
The students took on a good step for the solution and the students' answer indicates their knowledge
of how the pattern grew , so students were able to know the number of tree species at n = 6. For this
reason, the students’ answers were accepted to be at MSL in part (b).

Problem 3 - Part c: The analysis of the answers given to the 3rd problem - Part (c) according to the
SOLO taxonomy.

90.00%
80.00%
70.00%
60.00% 52.68%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

76.74%

27.68%

13.95%

B

12.50%
8.53% 6.25%
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Graph 7. The analysis of the answers given to the 3rd problem according to the SOLO
taxonomy: Part c

As is seen in the Graph?7, the findings indicate that a majority of the Turkish and Libyan students
participating in the study can demonstrated relational-structural level thinking in solving the problem,
suggesting a relatively high level of understanding of quadratic pattern generalization. The following
samples give examples of answers that are acceptable at RSL:

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
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Figure 13. a Libyan students’ sample answers to third problem — Part c

) Elma agacglarinin sayisi cam agaclarinin sayisina ne zaman esit olur? Cevabinizin nedenini

agiklayiniz. S i A '51_;,“‘_;“}_‘;’
kuralls o na e§\+

2 A B \ o AL
N =¥n N -8n=0 m;‘*:gofﬁ:g.u
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Figure 14. a Turkish students' sample answers to third problem — Part ¢

In figures 13 and 14, the students have the necessary knowledge and skills to solve part C of the third
problem, and they have experience in mathematics laws. The students took the appropriate steps to
achieve the solution and they analyzed the mathematical quadratic equation to find the solution. For
this reason, the students’ answers were accepted to be at RSL.

Problem 3 - Part d: The analysis of the answers given to the 3rd problem - part (d) according to the
SOLO taxonomy.

80.00% 75:97%

70.00%

60.00%
50.00% 45:54%

40.00%

30.00% ) 20.54%

20.00% 15.50% 14.29% 13.39%
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Graph 8. The analysis of the answers given to the 3rd problem according to the SOLO
taxonomy: Part d

A few students from each of the countries were able to achieve the full answer. We note that the
highest percentage of students who answered this problem were Libyan students at the relational-
structural level (RSL). However, this represents very low percentage, which indicates that most
students have difficulty and failed in example answer and they cannot compare the growth of the
number of apple trees with the growth of the number of evergreens. Therefore, students' answers
could not be assessed as a product of advanced thinking. It can be concluded that the students failed
to perform the transition to the advanced thinking level in problem 3 - Part d. Below are examples of
answers that are accepted at RSL.

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
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[When x < 8, evergreens grow faster. / When x > 8, apple trees grow faster. / When x = 8, the number of apple trees and evergreen trees
is equal.]
Figure 15. a Libyan students' sample answers to third problem — Part d
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Figure 16. a Turkish students' sample answers to third problem — Part d

The answers given in figures 15 and 16 show that these two students had the necessary knowledge to
find the solution and understand pattern problems. The students took the appropriate steps to achieve
the solution. Students can compare how the growth of the number of apple trees with the growth of
the number of evergreens. Two students answers could be assessed as a product of advanced thinking.

The results of the analysis of the students’ responses to the fourth problem.

Problem 4: If we have the following diagram:

A
A JAVAVAN
JAY JAVAVAN JAVAVAVAVAN
A AAA  AAAAA  AAAAAAA

a) Do you see any patterns in the diagram? If so, describe them.
b) Continue the pattern for n =5.
c) Writing an algebraic equation of a pattern in paragraph (a).

Here are the results of the analysis of the students’ responses to the four problems, which is in three
parts.

Problem 4 - Part a: The analysis of the answers given to the 4th problem - part (a) according to the
SOLO taxonomy.

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
Journal of Mathematics, Science and Technology Education (OJOMSTE), 7(1), 96-117.



https://ojomste.com/index.php/1

Online Journal of Mathematics, Science and Technology Education (OJOMSTE)

Vol: 7 No: 1 Year: 2026

journal homepage: https://www.ojomste.com/index.php/1

90.00% 9
81.25/1}7.52
80.00%

70.00%
60.00%
50.00%
40.00%

30.00%
20.00% 15.50%
7.14%

%

10.00%  4-46% Joo  2.68%465% 4.46% 1 55%
2 :
o000 e i —

B P U M R

HLibya HTurkey

Graph 9. The analysis of the answers given to the 4th problem according to the SOLO
taxonomy: Part a

As is seen in the graph 9, it was observed that a large proportion of the Turkish and Libyan students
participating in the study can succeed in advancing toward advanced thinking levels. As for the
Libyan students, 81.25 % of are at the relational-structural level (RSL), and For the Turkish students,
77.52% of are at the relational-structural level (RSL). It means that students thinking levels in
regarding the formulation of quadratic patterns are high and a large percentage of the Libyan and
Turkish students were able to knowledge the pattern and its description. Despite this, Libyan students'
level was higher than the Turkish students' level. Some of the answers given by the Libyan and
Turkish students at the relational-structural level are given below:

Al oIS IS 1) (S Ly
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Figure 17. a Libyan students' sample answers to fourth problem — Part a

) Diyagramda herhangi bir 6riinti gériilyor musunuz? Eger varsa agiklayiniz.
n=L n=2 n=3 } Artan basamak sayilenna. asre el
bic orenlo. Gogederde. artmatta.
L J .
i 9 Bosama\c detsmlﬂ &u oluesa olu ‘\) Ld'\ﬁ'
Oc.aen CAlleI A octl Alamal $adir
Figure 18. a Turkish students’ sample answers to fourth problem — Part a
As shown in figures 17 and 18, these two students could provide a correct answer to this problem,
which suggests that they had the necessary knowledge and skills to present a solution using the right
method. The students took a good step for the solution, and they were able to knowledge the pattern
and its description, this indicates students' understanding of quadratic patterns. For this reason, the
students’ answers were accepted to be at RSL.

Problem 4 - Part b: The analysis of the answers given to the 4th question - part (b) according to the
SOLO taxonomy.

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
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Graph 10. The analysis of the answers given to the 4th problem according to the SOLO
taxonomy: Part b

As is seen in the Graph 10, The findings indicate that a majority of the Turkish and Libyan students
participating in the study can uni-structural level thinking in solving the problem. the Libyan students,
84.82% are at the uni- structural level (USL), and 9.82% ware at the pre-structural level (PSL). For
the Turkish students,48.84% are at the uni- structural level (USL), and 48.84 % ware at the pre-
structural level (PSL). Some examples from solutions of students are as follows, it explains students
can use arithmetic and descriptive methods properly and they can describe pattern but not generalize,
meaning students cannot use algebraic methods.

A
AA & = N daasl 8 sati.uigea
e e == = «=>
e - A DS D A a
= N A A A

S S s

Figure 19. a Libyan students’ sample answers to fourth problem — Part b

(b) N =5 icin Sruntidyid devam ettiriniz.
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L= S vain P p— 2
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Figure 20. a Turkish students' sample answers to fourth problem — Part b

As shown in Figures 19 and 20, these two students could provide a correct answer to this problem,
which suggests that they had the necessary knowledge and skills to present a solution using the right
method. The students took on a good step for the solution and obviously, It explains students can use
arithmetic and descriptive methods properly and they can describe pattern but not generalize. For this
reason, students' answers are accepted in USL.

Problem 4 - Part c: The analysis of the answers given to the 4th problem - part (c) according to the
SOLO taxonomy.

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
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Graph 11. The analysis of the answers given to the 4th problem according to the SOLO
taxonomy: Part c

As is seen in the graphl1, it was observed that a large proportion of the Turkish and Libyan students
participating in the study can succeed in advancing toward advanced thinking levels. As for the
Libyan students, 75.00 % of are at the relational-structural level (RSL), and For the Turkish students,
79.84 % of are at the relational-structural level (RSL). It means that students thinking levels in
regarding the formulation of quadratic patterns are high and a large percentage of the Libyan and
Turkish students were able to knowledge the pattern and find the formation rule of the pattern. Despite
this, Turkish students' level was higher than the Libyan students' level. Some of the answers given by
the Libyan and Turkish students at the relational-structural level are given below:

() 3 omall 3 daasll Ao e Asl=ell 5S) (E)
?7 " C 2D
[student answer: y = n?]
Figure 21. a Libyan students' sample answers to fourth problem — Part ¢

) (a) sikkinda acikladiginiz 6rdntunidn cebirsel denklemini yaziniz.

Bqlselﬁ\ﬁlﬁ c‘%ﬁ' = ﬁ’z

Basamak =N =
Figure 22. a Turkish students’ sample answers to fourth problem — Part ¢
In the answers given in figures 21 and 22, where students were able to provide a correct answer.
Students have the necessary knowledge and skills to present a solution using the right method.
Students took a good step in the solution, they could find the formation rule of the numbers in the
pattern, and they could generalize the relation and put a rule of the pattern. For this reason, the
students’ answers accepted to be at RSL.

Findings and Comments Related to the Second Research Question

This section presents the findings of the analysis of the responses of the Libyan and Turkish
students to all four problems.

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
Journal of Mathematics, Science and Technology Education (OJOMSTE), 7(1), 96-117.
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Graph 12. Overall analysis of the answers of the Libyan and Turkish students to the four
problems according to the SOLO taxonomy

Graph 12 shows that 47.08% Libyan students are at the relational-structural level (RSL), 10.63%
students are at the multi-structural level (MSL), 5.60% are at pre-structural, 26.14% are at uni-
structural (USL) thinking levels, and the remaining are about 10.55% did not attempt to solve the
problem. For the Turkish students, 48.1% of are at the relational-structural level (RSL), 9.73%
students are at the multi-structural level (MSL), 17.34% are at pre-structural, 18.75 % are at uni-
structural (USL) thinking levels, and the remaining 6.1% are not attempted to solve the problem.

Findings indicates that a large proportion of the Turkish and Libyan students participating in the study
can succeed in advancing toward advanced thinking levels in questions requiring skill of
generalization in quadratic pattern. Comparing students of the two countries, the percentage of the
Turkish and Libyan students with thinking levels at MSL and RSL in the problems was somewhat
similar.

In addition, Mann Whitney U - test was conducted to determine whether is there a significant
difference between the levels defined by the SOLO taxonomy of the ability of Turkish and Libyan
students of Generalization in Quadratic Pattern. The findings are given in table 1.

Table 1. Findings of Mann Whitney U - Test Related to Formulation Quadratic Patterns Skills

Groups N Mean Rank Sum of Ranks U P Z
Libya 112 118.17 13234.50
Turkey 129 123.46 15926.50 6906.500  0.555 -0.590

According to the Mann Whitney U-Test findings, there is not a significant difference between of
Turkish and Libyan students' levels in algebraic thinking test of skill of generalization in quadratic
Pattern (U = 6906.500, p = 0.555 > 0.05, z = -0.590).

Discussion, Conclusion, Recommendations and suggestions

The current study aimed to examination the thinking levels of Libyan and Turkish students' quadratic
patterns generalization according to SOLO Taxonomy, because SOLO taxonomy is used as tool to
measure mathematical thinking levels of students, and SOLO taxonomy is used to evaluate the
problem-solving procedures of the students and their understanding level of the concepts (Lian &
Idris, 2006; Pegg & Tall, 2005) in mathematics. For this in this study, students' knowledge and

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
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thinking levels were analyzed according to SOLO taxonomy. SOLO taxonomy provided information
about the thinking levels of the students on quadratic patterns generalization problems.

According to the findings, the study findings showed that Turkish and Libyan students have a good
level in quadratic patterns generalization. It was determined that most students are the relational
structure thinking level in generalization in quadratic pattern, and a large proportion of the Turkish
and Libyan students participating in the study can succeed in advancing toward advanced thinking
levels, where 47.1% of Libyan students were at the related structure level and 48.1% of Turkish
students were at the related structure level, This means that students can integrate their knowledge
and skills in strong and cohesive structure. Those students their answers were require conceptual and
operational knowledge and that operational and conceptual knowledge are very essential to be
successful in mathematics (Hiebert & Carpenter, 1992). In addition, enabling students to the basic
rules in mathematics, especially related to quadratic pattern , their success to determine how the
pattern grows, their description of the pattern, and their writing of the algebraic equation of the pattern
and this is an indication of the solidity of their knowledge and skill in the formulation quadratic
patterns. The results of some studies support this finding, which has shown significant progress in
generalizations (Olkun, Sahin, Akkurt, Dikkartin, & Giilbagci, 2009; Berg, 2012).

However, some students struggle to use generalization correctly and fail to arrive at conclusions in
problems that require it. 10.63% of Libyan students were at the multi-structural level (MSL), 26.14%
of were at uni-structural (USL) thinking levels, and 9.73% of Turkish students were at the multi-
structural level (MSL), 18.75 % of were at uni-structural thinking levels (USL). but these students
did not apply generalization correctly, and they did not reach a conclusion. This is attributed to some
students not using an appropriate method for answering questions neglect or to oversights.
Furthermore, some students used computational methods to find the steps of generalization and
arrived at the conclusion and the rule formula by generalizing those steps. In a study by Lian and Idris
(2006) assessing the algebraic problem-solving skills of tenth-grade students using the SOLO
classification, they found that low-performing students used drawing and counting methods.
Similarly, some students did not consider the number of positions in the pattern, focusing only on the
difference between consecutive positions. MacGregor & Stacey (1996) observed a similar situation
in their study.

At the pre-structural level, approximately 10.6% of Libyan students and 6.1% of Turkish students left
questions blank. This is because some students did not attempt to answer the questions due to
inattention, or because their answers were irrelevant. However, these students' results do not reflect
the overall level of students' ability to formulate generalizations. According to Potter and Kustra
(2012), the pre-construction level should be excluded from the levels of thinking, since students
generally have no grasp of any subject at this level.

When examining the results obtained using SPSS software, no statistically significant difference (p =
0.05) was found between the levels of Libyan and Turkish students' ability to formulate
generalizations (U = 6906,500, p = 0.555 > 0.05, z = -0.590). Therefore, it can be concluded that the
levels of Libyan and Turkish students in generalization in quadratic patterns are equivalent.

The concept of patterns is fundamental in mathematics. understanding students' level of thinking, and
their knowledge of patterns is crucial, and the methods and techniques used by teachers in the
classroom play a crucial role in developing thinking skills. Therefore, the following recommendations
should be considered:

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
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e Teachers should effectively utilize modern teaching methods to cultivate students thinking
skills.

e classroom activities, questions, and worksheets should be presented in a way that effectively
helps students acquire generalization to patterns.

e Students should be supported in developing their thinking patterns and improving their
thinking levels through problem-solving.

e Supporting students in transferring their thinking skills from a design-based learning
environment that focuses on “information retrieval™ to an environment that encourages
"analysis and synthesis".

Based on the study finding, the following suggestions are made:

e Numerous studies in various fields have been conducted in the educational literature
according to the SOLO taxonomy. However, no studies in Libya based on this SOLO
taxonomy have been found. Therefore, it should procedure many from studies according to
SOLO taxonomy in different fields.

e This study was conducted on skill of quadratic patterns generalization . It is possible to
conduct a study on other skills from thinking. In addition, it can work on other problems than
the problems of this study.

e In studies to be made on the pattern, in future studies, students' insufficient knowledge,
mistakes, and misperceptions about the concept of patterns can be determined.

References

Akkan, Y. (2013). Comparison of 6th-8th graders™ efficiencies, strategies and representations
regarding generalization patterns. Bolema, 27 (47), 703-732 .

Amit, M &Neria, D. (2008). Rising to the challenge: using generalization in pattern problems
to unearth the algebraic skills of talented pre-algebra students. ZDM Mathematics
Education, 40, 111-129

Andini, W., & Suryadi, D. (2017). Student obstacles in solving algebraic thinking problems.
In Journal of Physics: Conference Series, 895(1).

Bagdat, O. (2013). Ilkdgretim 8. Smif Ogrencilerinin Cebirsel Diisiinme Becerilerinin SOLO
Taksonomisi lle Incelenmesi. Yiiksek Lisans Tezi, Eskisehir Osmangazi Universitesi
Egitim Bilimleri Enstitiisii. Eskisehir.

Berg, D. M. (2012). Algebraic thinking in the elementary classroom. Doctoral Dissertation,
Simon Fraser University, Faculty of Education. Canada.

Biggs, J., & Collis, K. (1991). Multimodal learning and the quality of intelligent behaviour.
In H.Rowe( Ed.), Intelligence: Reconceptualization and measurement (pp.57-76).
New Jersey: Laurence Erlbaum Assoc.

Cathcart, W. G., Pothier, Y. M., Vance, J. H., & Bezuk, N. S. (2003). Learning mathematics
in elementary and middle schools. (3rd ed.). Englewood Cliffs, N.J.: Merrill/Prentice
Hall.

Cayir, M. Y., & Akyiiz, G. (2015). 9. Smuf 6grencilerinin 6riintii genelleme problemlerini
cozme stratejilerinin belirlenmesi. Necatibey Egitim Fakiiltesi Elektronik Fen ve
Matematik Egitimi Dergisi, 9(2), 205-229.

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online
Journal of Mathematics, Science and Technology Education (OJOMSTE), 7(1), 96-117.



https://ojomste.com/index.php/1

Online Journal of Mathematics, Science and Technology Education (OJOMSTE)

Vol: 7 No: 1 Year: 2026

journal homepage: https://www.ojomste.com/index.php/1

Celik, D. (2007). Ogretmen Adaylarmim Cebirsel Diisiinme Becerilerinin Analitik
Incelenmesi. Yayinlanmamis Doktora Tezi, Karadeniz Teknik Universitesi, Fen
Bilimleri Enstitusu, Trabzon.

Dindyal, J. (2003). Algebraic thinking in geometry at high level school. Doctoral
Dissertation, Illinois Universitesi, Matematik Bolim.

Elazzabi, A., & Kagar, A. (2020). Investigation of Libyan and Turkish students' thinking
levels in solving quadratic word problems based on SOLO Taxonomy. Pegem Egitim
ve Ogretim Dergisi, 10(1), 283-316.

Hargreaves, M., Shorrocks-Taylor, D., & Threlfall, J. (1998). Children's strategies with
number patterns. Educational Studies, 24(3), 315-331.

Hiebert, J., & Carpenter, T. P. (1992). Learning and teaching with understanding. Handbook
of research on mathematics teaching and learning: A project of the National Council
of Teachers of Mathematics, 65-97.

Isik, D., & Tarim, K. (2009). The effects of the cooperative learning method supported by
multiple intelligence theory on Turkish elementary studentss mathematics
achievement. Education Research Institute, Seoul National University, 10, 465— 474.
doi: 10.1007/s12564-009-9049-5.

Kaput, J. J. (2008). What is algebra? What is algebraic reasoning? In J. J. Kaput, D. W.
Carraher, & M. L. Blanton (Eds.), Algebra in the early grades (pp. 235-272). New
York, NY: Lawrence Erlbaum Associates.

Lam, P. ve Foong, Y. (1996). Rasch analysis of math Solo taxonomy levels using hierarchical
items in testlets, ERIC-ED 398271.

Lannin, J. K. (2005). Generalization and justification: The challenge of introducing algebraic
reasoning through patterning activities. Mathematical Thinking and Learning, 7(3),
231-258.

Lee, L. (1996). An initiation into algebraic culture through generalization activities.
In Approaches to Algebra (pp. 87-106). Springer, Dordrecht.

Lee, L, & Freiman, V. (2006). Developing algebraic thinking through pattern
exploration. Mathematics Teaching in The Middle School, 11(9), 428-433.

Lian, L. H., & Idris, N. (2006). Assessing algebraic solving ability of form four
students. International Electronic Journal of Mathematics Education, 1(1), 55-76.

MacGregor, M., & Stacey, K. (1996). Origins of students' interpretations of algebraic
notation. In PME Conference (Vol. 3, pp. 3-297). The Program Committee of the 18th
PME Conference.

Miriam, S. B. (1991). Case study research in education. San Francisco: Jossey-IBass.

Mooney, E. S. (2002). A framework for characterizing middle school students' statistical
thinking. Mathematical Thinking and Learning, 4(1), 23-63.

Mulligan, J., & Mitchelmore, M. (2009). Awareness of pattern and structure in early
mathematical development. Mathematics Education Research Journal, 21(2), 33-49.

NCTM. (1992). Algebra for the twenty-first century. Proceedings of the August 1992
Conference. Reston, VA: Author.

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online

Journal of Mathematics, Science and Technology Education (OJOMSTE), 7(1), 96-117. !



https://ojomste.com/index.php/1

Online Journal of Mathematics, Science and Technology Education (OJOMSTE)

Vol: 7 No: 1 Year: 2026

journal homepage: https://www.ojomste.com/index.php/1

Olkun, S., Sahin, O., Akkurt, Z., Dikkartin, F. T., & Giilbagc1, H. (2009). Modelleme yoluyla
problem ¢dzme ve genelleme: Ilkdgretim Ogrencileriyle bir calisma. Egitim ve
Bilim, 34(151).

Ontario Ministry of Education. (2013). Paying Attention to Algebraic Reasoning: Support
Document for Paying Attention to Mathematics Education. Toronto: Queen’s Printer
for Ontario.

Patton, M.Q. (1987). How to use qualitative methods in evaluation. Newbury Park, Sage,
pp.169-183.

Palabiyik, U. & Akkus-Ispir, O. (2011). The effects of pattern-based Algebra instruction on
students' Algebraic thinking attitude towards Mathematics. Pamukkale Universitesi
Egitim Fakiiltesi Dergisi, 30, 111-123.

Pegg, J., & Coady, C. (1993). Identifying Solo levels in the formal mode. In Proceedings of
the 17th International Conference for the Psychology of Mathematics
Education (Vol. 1, pp. 212-219).

Pegg, J., & Tall, D. (2005). The fundamental cycles of concept construction underlying
various theoretical frameworks. International Reviews on Mathematical Education,
37(6), 468- 475.

Polat, S. (2010). Ilkdgretim 6-7. smf oOgrencilerinin matematik kavramina iliskin
kullandiklar1 metaforlar. Unpublished master's thesis, Gaziosmanpaga Universitesi
Sosyal Bilimler Enstitlist, Tokat.

Rider, R. L. (2004). The effects of multi-representational methods on students' knowledge of
function concepts in developmental college mathematics.

Smith, S. S. (1997). Early childhood mathematics. Needham Heights, MA: Allyn & Bacon.

Stacey,K. (1989). Finding and using patterns in linear generalizing problems. Educational
Studies in Mathematics, 20, 147-164.

Stake, R.E. (1994). Case studies. In YK Denzin and YS Lincoln (Eds), Handbook of
qualitative research, (pp.236-246). Thousand Oaks, CA: Sage.

Yesildere, S. ve Akkog¢, H. (2011). Matematik 6gretmen adaylarinin sekil oriintiilerini
genelleme siregleri. Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 30, 141-153 .

Yildirim, K. (2006). Coklu zeka kurami destekli kubasik ogrenme yonteminin ilkogretim 4.
sinif ogrencilerinin matematik dersindeki erisilerine etkisi [The effects of cooperative
learning method supported by multiple intelligence theory on elementary school 4th
grade students’ academic achievement]. Ahi Evran Universitesi Kirsehir Egitim
Fakultesi Dergisi, 7(2), 301-315.

Zazkis, R., & Liljedahl, P. (2002). Generalization of patterns: The tension between algebraic
thinking and algebraic notation. Educational Studies in Mathematics, 49(3), 379-402.

Ellazzabi, A., & Kacar, A. (2026). An examination of Libyan and Turkish Students' Thinking Levels
Through Their Quadratic Patterns Generalization According to SOLO Taxonomy. Online

Journal of Mathematics, Science and Technology Education (OJOMSTE), 7(1), 96-117. !



https://ojomste.com/index.php/1

