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Article Info Abstract

This article presents a study of the skills of Libyan and Turkish students in their
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quadratic word problems based on SOLO Taxonomy. The research model used in this

Article History: study is a case study. The participants were 27 students at a high school in Kastamonu,
Received 01 April 2019 Turkey and were 27 students at a high school in the city of Tripoli, Libya. The data were
Revised 07 November 2019 obtained by thinking test consisting of three problems. The test was applied to the
Accepted 21 December 2019 students in the spring semester of 2017-2018 academic year. Overall, the results
Online 05 February 2020 showed that Turkish students had multiple structural levels of 48.15% and relational

structural levels of 10.37%, which is considered a good ratio, and were better than
Keywords: Libyan students with multiple structural levels of 21.50% and relational-structural
Quadratic word problems, levels of 9.00%. This shows that the majority of Turkish students participating in the
SOLO Taxonomy, study may be successful in moving advanced thinking levels in these problems. On the
Libyan and Turkish students. other hand, there are students who cannot answer the problems as well as pre-

structural and uni-structural students. Some of the reasons why these students’ levels
Article Type: are low may be misinterpretation of the problem, difficulty in understanding word
Research paper problems and turning them into mathematical symbols, and negligence.

Libyali ve Tiirk 6grencilerin ikinci dereceden bir degiskenli s6zel problemlere
iliskin diistinme seviyelerinin SOLO Taksonomisi’'ne gore arastirilmasi

Makale Bilgisi Oz

Bu makale, Libyali ve Tuirk 6grencilerin ikinci dereceden bir degiskenli sézel problemler
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konusundaki becerilerinin SOLO Taksonomisi'ne gore arastiriimasini amaglamistir.

Makale Gegmisi: Calismada kullanilan aragtirma modeli bir durum galismasidir. Arasgtirmanin katilimcilari
Gelis 01 Nisan 2019 Libya’nin Trablus kentinde bir lisedeki 27 6grenci ve Turkiye’nin Kastamonu kentindeki
Dizeltme 07 Kasim 2019 bir lisede bulunan 27 06grenciden olusmaktadir. Veriler, lg¢ problemden olusan
Kabul 21 Aralik 2019 distiinme testi ile elde edilmistir. Test, 2017-2018 egitim-6gretim yili bahar déneminde
Cevrimici 05 Subat 2020 Ogrencilere uygulanmistir. Sonuglar, genel olarak, Turk 6grencilerin ¢ok yénli yapi

dizeylerinin yaklasik % 48.00, iliskilendirilmis yapi dizeylerinin % 10.37 ve Libyal
Anahtar Kelimeler: dgrencilerin  ¢ok yénlii yapi dizeylerinin yaklagik %21.50, iliskilendirilmis yapi
2. dereceden sozel problemler, diizeylerinin ise yaklagik % 9.00 oldugunu gostermistir. Bu durum Tirk 6grenciler
SOLO Taksonomisi, lehine anlamli bir oran olarak kabul edilebilir. Bu sonuglar ¢alismaya katilan Tirk
Libyali ve Ttrk &grenciler. dgrencilerin biyik bir kisminin bu problemlerde ileri diisiinme seviyelerine ilerlemekte

basarili olabilecegini gostermektedir. Diger yandan, yapi oncesi ve tek yonli yapi
dizeyindeki Ogrenciler oldugu gibi problemleri cevaplayamayanlar da vardir. Bu
ogrencilerin  seviyelerinin dusik olma nedenlerinden bazilari; sorunun yanhs
yorumlanmasi, sézel problemleri anlama ve matematiksel sembollere ¢evirme zorlugu
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Introduction

Mathematics grows alongside the evolution of human life. Being an essential element in all areas of
life, the mathematics is one of the most important essential sciences to solve everyday life problems. In
addition, it plays a fundamental role in scientific development and its application to most of the
sciences, for example physics, biology, etc. Mathematics with its various branches is a necessity. Also, it
has a role in the development of correct thinking skills and the ability to cope with life problems. In
mathematics, word problems play mediate between mathematics and realistic events (Chassapis, 2010).
Word problems help students to use mathematical concepts on realistic events, and it connects
mathematics to real-world situation (Barwell, 2011). Word problems provide an opportunity to utilize
mathematical tools, strengthen the linkage between mathematics and the real world, provide a
platform for developing new concepts and skills and using thinking and exploration for problem solving
(Verschaffel, Greer, & De Corte, 2000).

Word problems consist of numbers and words used by students to apply mathematical instructions
in the context of problem solving (Pfannenstiel, Bryant & Porterfield, 2015). Word problems provide
textual information to a problem that cannot be represented mathematically (Rasmussen & King, 2000;
Timmermans et al., 2007). Translating word problems into symbols is undeniably one of the essential
processes in solving word problems which plays a significant role in current mathematics education
(Boonen, van der Schoot, van Wesel, de Vries, & Jolles 2013; Timmermans, Van Lieshout, & Verhoeven,
2007).

The literature indicates that many numbers of students in secondary schools have inadequate
understanding of mathematical concepts and skills in solving word problems (KNEC, 2007; MOEST,
2001). In addition, this seems to be one of the hardest things for elementary school students (Bardillion,
Jr. 2004). Zawaiza and Gerber (1993) revealed that the translation of the problem’s language into
concepts that represent mathematically, the errors in the calculations, and planning the solution were
among the difficulties encountered by students to solve word problems. In addition, the lack of
understanding the sense of algebraic symbols, the incorrect interpretation of texts and the difficulties in
translating from text phrases into mathematical equations are among difficulties in word problems
solving process (Ng & Lee, 2009). A study conducted by Cruz and Lapinid (2014) revealed that
negligence, misunderstanding, and uncommon words are some of the difficulties that face students in
translating word problems. Many studies have shown that unsuccessful teaching is one of these reasons
(Bernardo, 1999) while others indicate lack of lingual knowledge (Bernardo, 2002). Yeo (2009) found
that, some of students were slow to resolve the problem, others could not translate the problem into
mathematical format, and others had trouble in solving the problem because they did not understand
the problem or found it hard. In another study, Tindowen, Ramirez and Sales (2019) concluded that the
lack of comprehension, lack of vocabulary, incorrect use of operation, interchanging of values and
negligence were the difficulties that students faced in solving word problems.

Some students find it difficult to solve word problems; however, if problems given to students have
certain numbers or equations, they are easy for them. Gooding (2009) recommends that students
continue to practice solving word problems so that they can acquire skills and gain knowledge about
strategies to solve this type of problems. According to Polya (1957), solving word problems are among
important skills and students will learn methods to solve this type of problems when they concentrate
and then imitate what others do when solving these problems. In another study conducted by
Bernadette (2009), the most important strategies that can help overcome the difficulties faced by
students in solving problems reported as follows: discussion in groups on problem-solving strategies,
using games to solve problems, and presenting graphical representations of word problems.

Aniano (2010) reported that the level of difficulties in translating worded problems to symbols was
one of the operators that identify students' problem-solving skills. This is supported by Vista (2010) who
argue that the level of students’ understanding of translating sentences into symbols had an impact on
students' achievement in solving problems.
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Many studies in the literature have focused on word problems and identifying difficulties faced by
students in solving such problems. Thus, it has been understood that the main difficulty in solving word
problems is to understand the problem statement (Boonen et al., 2013; Lee, Ng, & Ng, 2009; Thevenot,
2010), and students are in dire need of a full development of the problem before trying to solve it
(Swanson, Orosco, & Lucier, 2014). In order for students to become creative in solving word problems, it
is necessary to provide them with the correct procedures and methods through teaching, besides
practice in solving problems. Thus, students will attain a higher level of thinking in solving this type of
problem . Therefore, there is a need to determine whether students in secondary schools have skills in
solving word problems. It is difficult to measure whether students understand a topic or concept
correctly. Therefore, there is an increasing trend towards the use of measurement methods in
mathematics teaching (Incikabi, & Sancar-Tokmak, 2012). The Structure of the Observed Learning
Outcomes (SOLO) model is a taxonomy used to assess students' knowledge (Biggs & Collis, 1991; Pegg &
Tall, 2005). The SOLO Taxonomy is used to rank students' ability to answer problems following five-level
hierarchy: pre-structural (the lowest level), uni-structural, multi-structural, relational, and extended
abstract (the highest level) (Jimoyiannis, 2013). There are many studies using SOLO Taxonomy in
mathematics at different levels in the literature (Lam & Foong, 1996; Pegg & Coady, 1993). Many
previous studies have shown that the application of SOLO Taxonomy in education help students identify
and prepare the better answer (Putri, Mardiyana, & Saputro, 2017).

The current study aimed to investigate Libyan and Turkish students' levels of thinking in terms of
solving quadratic word problems based on SOLO Taxonomy. 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 when solving quadratic word problems in one
variable based on SOLO Taxonomy?

2. Is there a difference between Libyan and Turkish students' thinking levels when examining quadratic
word problems with one variable based on SOLO Taxonomy?

Method
Research Design

As it is descriptive in nature, the present study used case study approach, one of the qualitative
research methods, which allows to determine the attitudes, successes, and ideas of the group of
participants (Schumacher & McMillan, 2006). The problem-solving skills that the students applied to the
quadratic word problems were analysed according to the answers obtained by the developed
measurement tool. SOLO Taxonomy was used to explain and examine the students’ thinking skills. The
qualitative data obtained from the measurement tool prepared in English and Turkish were analysed.

Participants

The participants of this study consisted of 27 Libyan students at a high school from Tripoli and 27
Turkish students at a high school from Kastamonu. The study was undertaken in the spring midterm of
the 2017-2018 academic year. As the schools were willing to open their doors to carry out the study,
convenient sampling was the primary choice for the participant selection (Patton, 1987). Since these
students were in the high grade and were about to finish high school, the participants had already
studied quadratic word problems and they had the knowledge of quadratic word problems in order to
solve the questions asked in this study; and so it was assumed that they had sufficient knowledge
concerning quadratic word problems.

Data Collection Tools

In the study, a three-question test regarding quadratic word problems was given to the students as
data collecting tool (Table 1). The data of the study were obtained through this test. The test was
conducted in the spring of 2018 when the students had completed the subject of quadratic word
problems.
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Tablel.
Test Problems.

1. The length of a rectangle is 5 cm greater than its width. If we know that the area is equal to 36 cm’,
what is the length and width of the rectangle?

2. We have two consecutive odd numbers. The result of multiplying the two numbers equals 15. What
are these numbers? Show how you found your answer?

3. A square with an edge length (x + 3) and a rectangle with side lengths (2x +3) and (3x- 5) have the
same area.
a. Find equation based on variable x
b. Find the solution to the equation in part (a)
c. Find the square area

Each problem in the test was designed to reflect the algebraic thinking of the students. Academics’
views on mathematics education were taken in order 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, the compatibility between the encoders was taken into considered. After 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 .81. This result is enough for measuring the
consistency of the encoder analysis.

Data Analysis

In this study, the students' responses were analysed based on SOLO Taxonomy and in accordance
with the descriptive research method. The students' responses were examined in detail and their
thinking levels regarding the quadratic word problems based on SOLO Taxonomy were analysed. The
thinking levels of SOLO Taxonomy and how these assessments were undertaken are explained in Table
2.

Table 2.
Assessments for Each Level based on SOLO Taxonomy.

No. Level response Indicator

1 Pre-structural e Student cannot understand the problem.
e Student does not have any information.
e Unrelated responses.
¢ Solving the problem is meaningless.
e Usually, the answers students give are not related to the desired
answers.
e Misinterpretation of the problem.
2 Uni-structural e Student understanding of the problem is limited.
e Student usually focuses on one aspect of the problem.
e Student can establish a relationship but very limited.
3 Multi-structural e Student can establish a more complex relation.
e Student uses more than one aspect of the problem but cannot
connect these aspects.
4 Relational e Student can generalize the relation.
e Student gives a rule or formula for the relation.
e Student understands all the aspects of the problem in relation to the
answer, and therefore, they can connect these aspects in this level.
5 Extended abstract e Student creates new things.
e Student goes beyond the problem to develop a new strategy to reach
a solution.
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Findings

In this section, the responses of the Libyan and Turkish students were analysed based on SOLO
taxonomy, then the results obtained were presented in graphs with examples from students. At least
one sample was presented for each level from both countries. They were carefully selected to represent
other similar solutions.

Findings Relating to the First Research Question

First problem: This section presents the results of the analysis of the students’ responses to the first
problem.

51.85%

M Libya 5
22.22% 25.93%

B Turkey 18.52%

3.70%
.00% = .00%

Blank PSL USL MSL RSL

Figure 1. SOLO Taxonomy of the answer to the first problem.

According the first problem, Figure 1 shows that Libyan eight students were at the relational-
structural level (RSL), and seven students were at the multi-structural level (MSL). Of the participants,
3.70% (n=1) had pre-structural (PSL) and 18.52% (n=5) had uni-structural (USL) thinking levels, and the
remaining 22.22% did not even attempt to solve the problem. Here, it can be observed that there was
only one student at PSL, and students failed to solve the problem to due to their misinterpretation. It
was found that the five students with USL had limited comprehension concerning the requirements of
the problem and focused only on one aspect of the problem. The seven students at MSL revealed the
different aspects of the subject in their responses; however, they failed to produce a meaningful result.
The remaining eight students were at RSL, and their responses to the given data were consistent and
coherent.

Results from the analysis of the students’ responses to the first problem prove that, most of the
Libyan students can succeed in progressing toward advanced thinking levels. Based on the SOLO
Taxonomy thinking levels, students with high levels of understanding are able to reach the relational
level and those with a moderate understanding can reach the multi-structural level; however, students
with a low understanding are only able to reach the level of pre-structural thinking or possibly the uni-
structural level.

Referring to Figurel, there were 11 Turkish students at RSL, 14 students at MSL, the rest was at USL
(n=2), constituting 7.41%, and there were no students that left this problem blank. However, it is
observed that the students with USL had limited comprehension concerning the requirements about the
problem and they only focused on one aspect of the problem. There were 14 students at MSL, who
reveal different aspects of the subject in their responses; however, they could not produce a meaningful
result. There were 11 students (n = 11) at RSL, who give responses that are consistent and coherent with
the given data.
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Based on the results of the Turkish students, it can be stated that most can succeed in advancing
toward advanced thinking levels in this problem. It is concluded that, based on SOLO Taxonomy,
students with a high level of understanding are able to reach the relational level, those with a moderate
understanding can reach the multi-structural level, and those with a low understanding can attain the
level of uni-structural thinking.

Considering the first question, both the Libyan and Turkish students could reach the uni-structural,
multi-structural, and relational levels. However, some of the Turkish students showed a higher level of
thinking than the Libyan students, which can be interpreted as the Turkish students had a better
understanding of the word problem than the Libyan students. The following samples give examples of
answers that are acceptable at USL, MSL and RSL:

The length of a rectangle is Scm greater than its width. If we know the area is equal to 36
cm?, what is the length and width of the rectangle?

X CYR+2 ) =20

Figure 2. A Libyan student’s answer to the first problem.

) Bir dikddrtgenin uzunlugu genisliginden S cm daha bayaktdr. Alanin 36 cm?'ye esit
oldugunu biliyorsak, dikdértgenin uzunlugu ve genisligi nedir?

X AS

2rS - n =26

Figure 3. A Turkish student’s answer to the first problem.

Figure 2 and 3 show that these two students had the knowledge to find the solution and had an
understanding of translating word problems into symbols, however, even if they were only one step
away from the solution, the students could not complete the problem. For this reason, the students’
answers were accepted to be at USL.

The length of a rectangle is Scm greater than its width. If we know the area is eq sal to 36
tm?, what is the length and width of the rectangle?

Figure 4. A Libyan student’s answer to the first problem.

Bir dikddrtgenin uzunlugu genisliginden 5 cm daha biylktdr. Alanin 36 cm?'ya esit
oldugunu biliyorsak, dikdértgenin uzunlugu ve genisligi nedir?
7 - 7 ,)' L ( f . /7) ()
\f \ 7 (L = &

! U // X A

- ('/ ’ (( v L‘
—7 /\ (3 ‘J‘,I (ARSI
of D 7
Figure 5. A Turkish student’s’ answer to the first problem.
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As shown in Figures 4 and 5, 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 but did not complete the solution. For this
reason, the students’ answers were accepted to be at MSL.

Spposc width X K+t ——
& Le(j""’ X+ 5 ‘ Recause The [8/':8“1 1S ht hf‘}-"'f:
x(Xx+5):3€ ‘ x:—?-o

x4 §x -3€=0 | :fz'

(x+‘?)(/‘"’)=o (.//clff,, f(-f"ﬂ’l"hng"q

Figure 6. A Libyan student’s answer to the first problem.

) Bir dikddrtgenin uzunlugu genisliginden 5 cm daha biyiktir. Alanin 36 cm?'ye esit

oldugunu biliyorsak, dikdértgenin uzunlugu ve genisligi nedir? X+&
(x+5)-« = 3¢ b G ORE T X
_ x *
o e 4 ¥ 9,
st 5?:\-‘3]-'5""
L vznhie <4

Figure 7. A Turkish student’s answer to the first problem.

As shown in Figures 6 and 7, these two students were able to 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 in the solution, and the students were able to solve
the problem by using appropriate steps. For this reason, the students’ answers were accepted to be at
RSL.

Second problem: This section presents the results of the analysis of the students’ responses to the
second problem.

63.00%
51.85%
m Libya
B Turkey 22.23%
18.50%
0,
sl %1100
4.00%
3.70% g%
r T - T T T
Blank PSL usL MSL RSL

Figure 8. SOLO Taxonomy of the answers to the second problem.

According to the second problem, Figure 8 shows that there were a small number of Libyan students
at MSL (n=3) and RSL (n=4). 62.96% of the sample consisted of 17 students at MSL and USL while six
participants (22.23%) did not answer the second question. Since the low-level students could reach the
pre-structural level of thinking, the proportion of students at this level was higher than the other levels.
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Therefore, from this result, it can be said that most of these students were not successful in
advancing to the levels of advanced thinking in the second problem.

For the Turkish students, a minority of students (n=3) were at RSL and a small number of students
(n=5) were at MSL. Here, it is observed that a total of 22 students with MSL and USL formed 81.50 % of
the sample, and only one student (3.70%) failed to respond to this problem. Since low-level students
could reach the pre-structural level of thinking, and the proportion of students at this level was higher
than the other levels, it can be stated that most of the students could not succeed in progressing toward
advanced thinking levels in the second problem. Therefore, the students’ answers to this problem
cannot be assessed as a product of advanced thinking.

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 question were Libyan students, which can be
interpreted as they had a greater understanding of the word problems than the Turkish students.
However, this represents a low percentage, which indicates that other students in the Libyan group had
difficulty in understanding and translating word problems into mathematical symbols. Besides, there
were students who failed to solve the quadratic equation, whose answers could not be assessed as a
product of advanced thinking. Below are examples of answers that are accepted at USL, MSL, and RSL.

)| We have two consecutive odd numbers. The result of multiplying the two numbers
equals 15. What are these numbers? Show how you found your answer

Figure 9. A Libyan student’s answer to the second problem.

| Ardigik iki tek sayinin g¢arpimi 15’tir. Bu sayilar nelerdir? Cevabi nasil buldugunuzu
agiklayiniz.

x {KJ.J_]-P'T

xX=3

/

Figure 10. A Turkish student’s answer to the second problem.

Figures 9 and 10 show that these two students had the knowledge to find the solution and
understand translation of word problems into symbols, even though the students took a step forward
towards the solution, they did not complete the solution. For this reason, the students’ answers are
accepted to be at USL.

We have two consecutive odd numbers. The result of multiplying the two numbers
equals 15. What are these numbers? Show how you found your answer.

A
/

I

Figure 11. A Libyan student’s answer to the second problem.

=0
= X517
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Ardisik iki tek sayinin carpimi 15°tir. Bu sayilar nelerdir? Cevabi nasil buldugunuzu
agiklayiniz.

X (_\{+2J S

N/
q ot

Figure 12. A Turkish student’s answer to the second problem.

As shown in Figure 11 and 12, 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 able to use appropriate step but did not
complete the solution. For this reason, the students’ answers were accepted to be at MSL.

We have two consecutive odd numbers. The result of multiplying the two numbers
equals 15. What are these numbers? Show how you found your answer.

RIS 15 gen sy
RULR=15:=0 Kei-h = E)
v"\,_ 5 4 = y L:""C) - - __,.:
e A s [ Bl

Figure 13. A Libyan student’s answer to the second problem.

| Ardisik iki tek sayinin garpimi 15°tir. Bu sayilar nelerdir? Cevabi nasil buldugunuzu
agiklayiniz.

o (p+) -8

nZ+2n-1$>2 N3 na2S
“Inrs) a3 =2
N n=3

Figure 14. A Turkish student’s answer to the second problem.

The answers given in Figures 13 and 14 show that these two students had the necessary knowledge
to find the solution and understand word problems. The students took the appropriate steps to achieve
the solution and completed the analysis of the quadratic equation. This indicates that the students had
the skills to translate the problem presented in words into mathematical symbols and solve the
quadratic equation. For this reason, both students’ answers were accepted as RSL.

The third problem: This section presents the results of the analysis of the students’ responses to the
third problem, which is in three parts.

Problem 3 - Part A: Figure 15 shows that most students from both countries could respond to this
part of the problem correctly, but the highest percentage belongs to the Turkish students. This can be
explained by the ability of most students to understand word problems, the relationship between
symbol representations and algebraic laws, and their use in solving equations. Therefore, it can be said
that most of the students could progress toward advanced thinking_in this problem. The following
figures give examples of answers that were accepted at USL and MSL:

291



Awatef ELAZZABI, Ahmet KACAR — Pegem Egitim ve Ogretim Dergisi, 10(1), 2020, 283-316

66.67%

48.159
 Libya 33.33%
B Turkey
18.52%
14.81% 11.00%
.00%. .00% .00%
Blank PSL usL MSL RSL

Figure 15. SOLO Taxonomy of the students’ answers to the third question: Part A.

“(a) Find equation is in the variable x.
v 2\ [ Z A, ~ )
/ = ()X FK){D5I <5 )
('}C/T;),(’)’u 3)_(1\,/\—‘ _)/\ -/
Figure 16. A Libyan student’s answer to third problem- Part A.

(a) x degiskenine bagh denklemi bulunuz.
) = 2
(}(&4) (x+ 3) = |xe )
Figure 17. A Turkish student’s answer to third problem -Part A.

The answers given in Figure 16 and Figure 17, where one step of the question is answered, show that
the student expressed the equation algebraically in the variable x, had a correct solution knowledge, but
was unaware that the letter used (x) was variable and might have different values. For this reason,
student's answer was accepted as at USL.

(a) Find equation is in the variable x.

(N3 (1e3) 2 (20430 (3)5) =,

) Z L,y (7 P
P //-[7 LéX"/( /\- ":\ ie , |
AdbAt 77 0.0 o i B 2 3

- ’ P 7 Y :"‘,,:. by ! - ,._,
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Figure 18. A Libyan student’s answer to third problem- Part A.
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(a) x degiskenine bagli denklemi bulunuz.

s 2.
2ot 2+ AU EY T ORSIOX £ Ik —13
= ' = SXT=Fx -2y
Figure 19. A Turkish student’s answer to third problem -Part A.

Figures 18 and 19 reveal that students from both countries had a good response in translating the
example from verbal to symbols and could construct the quadratic equation; therefore, they were at
MSL.

Problem 3 - Part B: The analysis of the students' solutions to Part B of the third problem is as follows:
22.23% of the students in the Libyan group answered at PSL, 3.70% at USL, and 11.11% at MSL; those
who left this item blank constitute 62.96% of the participants. For the Turkish students, 14.82% of the
students responded at PSL, 3.70% at USL, 51.85% at MSL, and 29.63% of the participants left this item
blank.

Figure 20 clearly shows that most Libyan students did not answer this problem; thus, only a small
proportion of students were able to successfully complete this part. In contrast, the 51.85% of the
Turkish students gave correct answer. This shows that the levels of algebraic thinking of Turkish
students in terms of analytical thinking skills and solving quadratic equations were better than those of
the Libyan students in relation to this problem. It can be said that most of the Turkish students could
succeed in advancing toward advanced thinking in quadratic word problems, and their answers to the
problem could be assessed as a product of advanced thinking. Below are examples of student solutions
at MSL.

62.96%

M Libya 29.63%

B Turkey

.00%.00%

. 3.70%3.70%

Blank PSL usL MSL RSL

Figure 20. SOLO Taxonomy of the students’ answers to the third problem: Part B.

(b) Then find the solution of this equation.

-l " A ‘ o Y '-x 911 1 ,:-,q
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.'"- z«;
s 90-98
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Figure 21. A Libyan student’s answer to third problem: Part B.
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(b) Buldugunuz denklemin ¢dzliimiini yapiniz.
Sy ?x-ﬁ'tl = O
= +% (5% fR) - &x-3)
A "%
Figure 22. A Turkish student’s answer to third problem: Part B.

The answers given in Figure 21 and Figure 22, where one step of the question is answered, show that
the student expressed the equation algebraically in the variable x, had a correct solution knowledge, but
was unaware that the letter used (x) was variable and might have different values. For this reason,
student's answer was accepted as at USL.

(b) Then find the solution of this equation.

= wC. N B

N T -0
o, = \
(X2)C5n38) =0 (= 5-)
=\ =y
x —
Figure 23. A Libyan student’s answer to third problem: Part B.
(b) Buldugunuz denklemin ¢6zGmuna yapiniz.
s 2o xAJ —brP—x—-S
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Figure 24. A Turkish student’s answer to third problem: Part B.

In Figures 23 and 24, students could solve the second part of the third problem and had experience
in using the difference between squares to solve the quadratic equation. After students completed this
solution, their answers were considered as at MSL.

Problem 3 - Part C: As seen in Figure 25, the level of the students' solutions related to this part of the
problem is as follows: 33.33% of the Libyan students answered at PSL, .00% at USL, 11.11% at MSL, and
55.56% of the participants left this part blank. For the Turkish students, 14.82% answered at PSL, .00 %
at USL, 51.85% at MSL, and those that left this item blank constituted 33.33% of the participants. Most
of the Libyan students did not respond to this part of the problem unlike the Turkish students, of whom
33.33% provided correct answers. Thus, it can be determined in this part of the problem that Turkish
students' algebraic thinking levels were better than those of Libyan students. The following are
examples of solutions from students at MSL.
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35001 51.85%

33.33% 33.33%
M Libya

B Turkey

.00%.00%

Blank PSL USL MSL RSL

Figure 25. SOLO Taxonomy of the students’ answers to the third problem: Part C.

" (c) Find a square area.

/‘ Bt £ /é,'z,f/ // /{/ 4 /5/7%

| 4 ] z - >
- 4 .- { ,;,_.b,t 3‘5
(Aa3r(Xe3) (N +3) =(2+3) = ¢
§ T
B T
€)
Figure 26. A Libyan student’s answer to third problem: Part C.

-

-(c) Karenin alanimi bulunuz.

D=2y h- W

Figure 27. A Turkish student’s answer to third problem: Part C.

In Figures 26 and 27, the students had the skills to solve part C of the third problem and had
experience in mathematics laws in this area. Having completed the problem, the students’ answers
were accepted as MSL.

Findings Related to the Second Research Question

This section presents the results of the analysis of the responses of the Libyan and Turkish students
to all three problems.
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48.15%

M Libya

21.50%

[ | Turkey 16.30%

12.00%
8.89%

Blank PSL uUSL MSL RSL

Figure 28. Overall analysis of the responses of the Libyan and Turkish students to the three problems.

Figure 28 shows that 36.30% of those who left problems blank were Libyan students and 16.29%
were Turkish students, which were considered as a high percentage especially for Libyan students. This
result is due to 1) lack of understanding of the problem, 2) difficulties in translating word problems, or 3)
negligence.

Turkish students with thinking level at MSL were predominantly 48.15%. Furthermore, if the blank
part in Figure 28 for both countries was eliminated, the levels of Turkish students would be high. For the
Libyan students, the figure indicates a distribution close to the symmetry, meaning that the level of
students was suitable for the level of the test used in this study; besides, comparing the students of the
two countries, the percentage of the Turkish students with thinking levels at MSL and RSL in the
problems was greater than the Libyan students. This also explains that Turkish students had higher level
of proficiency and skills in solving quadratic word problems.

Discussion, Conclusion and Implications

The objective of this study is to investigate the thinking levels of Libyan and Turkish students based
on the SOLO Taxonomy in solving quadratic word problems. 27 Libyan and 27 Turkish students were
tested on quadratic word problems and their knowledge and thinking levels were analysed based on
SOLO Taxonomy.

Problems analysis by SOLO Taxonomy does not only reveal students' inefficiency or efficiency, but
also provides information about their thinking levels and their cognition; thus, SOLO Taxonomy can be
used as a tool to measure mathematical thinking levels of students. Moreover, SOLO Taxonomy is used
to evaluate the problem-solving procedures of the students and, in addition, their understanding level
of the concepts (Lian & Idris, 2006; Pegg & Tall, 2005) within the field of mathematics.

In this study, SOLO Taxonomy provided information about the thinking levels of the students on
quadratic word problems. According to the results, 9.00% of the Libyan students were at RSL, 21.50% at
MSL, 21.50% at USL, 12.00% at PSL, and 36.30% left the problems blank. For the Turkish students,
10.37% were at RSL, 48.15% at MSL, 16.29% at USL, and 8.89% at PSL, and 16.29% left the problems
blank.

The findings and the data analysis concerning the level of student thinking based on SOLO Taxonomy
in solving quadratic word problems showed that 36.30% of Libyan students and 16.29 % of Turkish
students left the problems blank, this means that students failed in translating word problems into
mathematical expressions. Lack of comprehension of problem is among the main reasons why students
failed in translating word problems into mathematical expression; also, this result of the study coincides
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with the study of Zentall and Ferkis (1993). Students' difficulty in visualizing and representing the
problem is also one reason of their failure in translating word problems (Angateeah, 2017).
Furthermore, the reasons for students not being able to solve problems in this study are that they are
careless, unable to think about or understand the problem, and this coincides with the result of Yeo's
(2009) study.

In addition, 12.00% of Libyan students had PSL while the proportion of Turkish students who had this
level of thinking was 8.89%. Some of these students answered the questions with some variables not
included in the problems, meaning that their response was unrelated to the problem (Tindowen,
Ramirez & Sales, 2019). In addition, misinterpretation of the problem by students is another reason for
failure in solving word problems. The result of this study coincides with the claim that many of students
encounter difficultly in solving of problems because they misunderstand some words (Krulik & Rudnick,
1996).

21.50% of Libyan students had USL and while the proportion of Turkish students who had this
thinking level was 16.29%. These results show that the students had little or poor knowledge in tackling
quadratic word problems even though it is was topic that they have been introduced to in high school.
Their weak knowledge in word problems is due to their wrong ideas or misconceptions. The finding is
also consistent with Booth (1984).

The findings of the study also support Roslina's (1997) research which reported that the majority
low- and intermediate-level students have difficulty in understanding algebraic expressions and
performing algebraic operations.

The findings showed that 48.15% of the Turkish students had MSL and 10.37% had RSL, and this is
considered as a good result. This indicates that a large proportion of the Turkish students could succeed
more in progressing toward advanced thinking in these problems compared to the Libyan students.
Students at these levels have a written answer that requires conceptual and operational knowledge.
Conceptual and operational information are integral components of each other, and they are essential
for superiority of students in mathematics (Hiebert & Carpenter, 1992). In the light of these findings, the
ability of students to solve word problems depends on how they translate sentences into mathematical
symbols (Bardillion Jr., 2004). The methods used by secondary school students to solve word problems
contribute to their understanding and mathematical skills. (Silver, 1992; Verschaffel, Greer & De Corte,
2002). Level of students’ understanding of translating sentences into symbols has had an impact on
students' achievement in solutions to problems (Vista, 2010).

The study concluded that some students lacked the skill to translate quadratic word problems into
mathematical expressions, this is due to;
1. Misinterpretation of the problem,
The difficulty of understanding and translating the word problems into mathematical symbols,

Inability to understand the problem,

H w N

Negligence.

Based on Potter and Kustra (2012) PSL should be excluded from the level of thinking because
students usually have no idea about subject to learn. In this case, we can say that the findings of the
study indicated that a large proportion of the Libyan and Turkish students could succeed in progressing
toward advanced thinking in these problems. However, the findings indicated that, compared to the
Libyan students, Turkish students were better than Libyan students. In the light of the findings and
conclusion derived from the study, the researchers highly recommend the following:

In order to overcome the shortcomings faced by students in solving quadratic word problems, the
researchers recommend supporting primary school students so that they develop their thinking skills
and improve their mathematical skills by encouraging them to use various representations and
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strategies to solve problems. In addition, students' thinking skills should be improved by enabling them
to participate in activities that improve their thinking skills. Methods and techniques applied by the
teacher in the classroom play an important role in the development of thinking skills; therefore, modern
teaching methods should be used to develop thinking skills of students. Curriculum developers and
authors should be familiar with students' levels, help students understand verbal expressions by
designing examples in mathematics curriculum in a clearer way and create opportunities for students to
relate word problems with mathematical ideas and concept. Finally, the researchers also recommend,
for further studies, determining the difficulties of students in word problems.
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Turkish Version

Girig

Matematik, insan yasaminin gelisimi ile birlikte blyir. Yasamin tiim alanlarinda temel bir 6ge olan
matematik, glinlik yasam problemlerini ¢gzmede en dnemli temel bilimlerden biridir. Ayrica, bilimsel
gelismede ve bilimlerin ¢ogunlugunda, 6rnegin fizik, biyoloji vb. uygulamalarda temel bir rol oynar.
Cesitli dallariyla matematik gerekliliktir. Ayrica dogru disiinme becerilerinin gelistirilmesinde ve yasam
problemleriyle basa ¢ikma becerilerinde rol oynar. Matematikte sozel problemler matematik ile gercek
olaylar arasinda baglanti kurulmasina aracilik eder (Chassapis, 2010). Sézel problemler, 6grencilerin
matematiksel kavramlari gergekgi olaylar tzerinde kullanmalarina yardimci olur ve matematigi gergek
diinya durumuna baglar (Barwell, 2011). Sézel problemler, matematiksel araglari kullanma, matematik
ile gercek dlinya arasindaki baglantiyi gliclendirme, yeni kavram ve beceriler gelistirmek icin bir platform
saglama ve problem ¢dzme icin diisinme ve arastirma olanaklari sunmaktadir (Verschaffel, Greer & De
Corte, 2000). Sozel problemler, 6grencilerin problem ¢6zme baglaminda matematiksel yonergeleri
uygulamak igin kullandiklari sayi ve sézciiklerden olusur (Pfannenstiel, Bryant & Porterfield, 2015). Sozel
problemler, matematiksel olarak temsil edilemeyen bir problem igin metin halinde bilgi saglar
(Rasmussen & King, 2000; Timmermans et al., 2007). Sozel problemleri sembollere ¢evirmek, mevcut
matematik egitiminde 6nemli bir rol oynayan sbdzel problemleri ¢6zmede inkar edilemez temel
sireglerden biridir (Boonen, van der Schoot, van Wesel, de Vries, & Jolles 2013; Timmermans, Van
Lieshout & Verhoeven, 2007).

Literatiir, ortadgretim okullarindaki pek ¢ok 6grencinin sézel problemleri ¢6zmede, matematiksel
kavram ve becerileri anlamada yetersiz oldugunu gostermektedir (KNEC, 2007; MOEST, 2001). Ayrica,
bu, ilkokul 6grencileri igin en zor seylerden biri gibi gérinmektedir (Bardillion, Jr. 2004). Zawaiza ve
Gerber (1993) tarafindan yapilan bir calismada yazarlar, problemin dilini matematiksel olarak ifade eden
kavramlara cevirmenin, hesaplamalardaki hatalarin ve ¢6zimin planlanmasinin 6grencilerin sézel
problemleri ¢ozmede karsilastiklari giiclikler arasinda oldugunu ortaya koymustur. Buna ek olarak,
cebirsel sembollerin anlamini bilme eksikligi, metinlerin yanlis yorumlanmasi ve metin ifadelerini
matematiksel denklemlere gevirme zorluklari, s6zel problemlerin ¢6ziim sirecinde karsilasilan zorluklar
arasindadir (Ng & Lee, 2009). Cruz ve Lapinid (2014) tarafindan yapilan arastirma dikkatsizlik, yanls
anlama ve nadir bulunan kelimelerin 6grencilerin sdzel problemleri gevirmede karsilastiklari zorluklardan
bazilar oldugunu ortaya koymustur. Bircok calisma basarisiz 6gretimin bu sebeplerden biri oldugunu
gosterirken (Bernardo, 1999), bazilari ise dil bilgisi eksikligini éne siirmektedir (Bernardo, 2002). Yeo
(2009) bazi 6grencilerin problemi ¢ézmek icin yavas hareket ettigini, bazilarinin problemi matematiksel
formata ceviremedigini, bazilarinin problemi ¢6zmekte zorlandiklarini, ¢linkii problemi anlamadiklari
veya zor bulduklarini tespit etmistir. Tindowen, Ramirez ve Sales (2019) tarafindan yapilan baska bir
calismada ise yazarlar, anlama eksikliginin, kelime eksikliginin, yanhs islem kullaniminin, degerlerin
birbirinin yerine ge¢cmesinin ve dikkatsizligin 6grencilerin problem ¢dzmede karsilastiklari giglikler
oldugu sonucuna varmislardir.

Bazi 6grenciler s6zel problemleri ¢ozmekte zorlanirlar. Ancak; 6grencilere verilen problem belirli sayi
ve denklemlere sahipse, onlar igin bu kolaydir. Gooding (2009), 6grencilerin bu tir problemleri ¢dzme
stratejileri hakkinda bilgi edinmeleri ve beceri kazanmalari igin sozel problemleri ¢ézme pratigi
yapmalarini énermektedir. Polya'ya (1957) gore, sozel problemler énemli beceriler arasindadir ve
o6grenciler bu problemleri ¢ozerken motive olarak ve baskalarinin yaptiklarini taklit ederek bu tir
problemleri ¢6zme yontemlerini 6greneceklerdir. Bernadette (2009) tarafindan yapilan bir baska
calismada, 6grencilerin problem ¢ozmede karsilastiklari gigliiklerin Uistesinden gelmelerine yardimci
olabilecek en 6nemli stratejiler su sekilde bildirilmistir: gruplar halinde problem ¢6zme stratejileri
lizerine tartisma, problem ¢ozmek icin oyun kullanma ve sozel problemlerin grafiksel gdsterimlerini
sunma.
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Aniano (2010), sozel problemleri sembollere gevirmedeki zorluk seviyesinin 6grencilerin problem
¢6zme becerilerini belirleyen faktérlerden biri oldugunu bildirmistir. Ogrencilerin ciimleleri sembollere
¢evirmeyi anlama dizeylerinin, 6grencilerin sorunlara ¢éziim Uretmedeki basarilarini etkiledigi, Vista
(2010) tarafindan desteklenmektedir.

Literatlirdeki bircok calisma, sozel problemlere ve bu tir problemlerin ¢d6ziiminde 6grencilerin
karsilastiklari  zorluklarin  belirlenmesine odaklanmistir. Bu nedenle, sozel problemleri ¢dzme
konusundaki ana zorlugun, problemin ifadesini anlamak oldugu anlasiimistir (Boonen et al., 2013; Lee,
Ng, & Ng, 2009; Thevenot, 2010). Bunun yaninda 6grenciler sorunu ¢dzmeye calismadan 6nce problemin
tam olarak gelismesine ihtiya¢ duyarlar (Swanson, Orosco & Lucier, 2014). Ogrencilerin sézel problemleri
¢6zmede yaratici olmalari igin onlara problem ¢dzme pratiginin yani sira 6gretme yoluyla dogru islemleri
ve yontemleri kullanmalarini saglamak gerekir. Boylece, 6grenciler bu tir bir problemi ¢ézmede daha
ylksek distinme diizeyi elde edeceklerdir. Bu nedenle, ortadgretimdeki 6grencilerin sézel problemleri
¢6zme becerisine sahip olup olmadiklarini belirlemeye ihtiyag vardir. Ogrencilerin bir konuyu veya
kavrami dogru anlayip anlamadiklarini 6lgmek zordur. Dolayisiyla matematik 6gretiminde 6lgme
yontemlerinin kullanilmasi yéniinde artan bir egilim vardir (incikabi & Sancar-Tokmak, 2012).
Gozlemlenebilen Ogrenme Ciktilarinin Yapisi (SOLO) modeli, 8grencilerin bilgilerini degerlendirmek igin
kullanilan bir taksonomidir (Biggs & Collis, 1991; Pegg & Tall, 2005). SOLO Taksonomisi, 6grencilerin
problemleri cevaplama becerisini agagidaki bes seviyeden olusan hiyerarside siralamak icin kullanilir.
Yap! 6ncesi (en disik seviye), tek yonli yapi, ¢coklu yonli yapi, iliskilendirilmis yapi ve soyutlanmis yapi
(en st seviye) (Jimoyiannis, 2013). Matematikte SOLO Taksonomisi’ni literatiirde farkh diizeylerde
kullanan bir¢ok calisma vardir (Lam & Foong, 1996; Pegg & Coady, 1993). Daha 6nce yapilan pek cok
¢alisma, egitimde SOLO Taksonomisi'nin uygulanmasinin 6grencilerin cevaplari daha iyi belirlemelerine
ve hazirlamalarina yardimci oldugunu gostermistir (Putri, Mardiyana & Saputro, 2017). Yukaridan
anlagildigi Gizere, SOLO Taksonomisi matematik egitimi alanindaki gesitli konularda kullaniimaktadir.

Bu calisma Libyali ve Tiirk 6grencilerin distinme dizeylerini SOLO Taksonomisi’ne dayanarak ikinci
dereceden s6zel problemleri ¢6zme agisindan incelemeyi amaglamistir. Belirtilen amag dogrultusunda,
arastirmada asagida verilen arastirma sorularina yanitlar arandi:

1. SOLO Taksonomisi’'ne gore, ikinci dereceden ve bir degiskenli s6zel problemleri ¢ézerken Libyali ve
Tirk 6grencilerin disiinme dizeyleri nelerdir?

2. ikinci dereceden ve bir degiskenli sézel problemler SOLO Taksonomisi’ne dayali olarak incelendiginde
Libyali ve Tirk 6grencilerin diislinme diizeyleri arasinda bir fark var midir?

Yontem
Arastirma deseni

Calismada, dogasi geregi betimsel oldugundan, katilimci grubun tutumlarini, basarilarini ve fikirlerini
belirlemek igin kullanilan, nitel arastirma yontemlerinden biri olan, durum c¢alismasi yaklasimi
kullaniimistir (Schumacher & McMillan, 2006). Ogrencilerin ikinci dereceden sézel problemlere
uyguladiklari ¢ézme becerileri, gelistirilen 6lgme araci ile elde edilen cevaplara gére analiz edilmistir.
Ogrencilerin diisiinme becerilerini agiklamak ve incelemek icin SOLO Taksonomisi kullaniimistir. ingilizce
ve Tirkce olarak hazirlanan 6lgme aracindan elde edilen nitel veriler analiz edilmistir.

Katilimcilar

Arastirmanin katilimcilari, Libya-Trablus'taki bir lisede 6grenim goren 27 Libyali ve Tirkiye-
Kastamonu'daki bir lisede 6grenim goren 27 Tiirk 6grenciden olusmustur. Calisma, 2017-2018 egitim
ogretim yili bahar déneminde yapilmistir. Okullar arastirma igin kapilarini agmaya istekli olduklarindan,
katilimci 6rneklemesinde uygun 6rnekleme yontemi kullaniimistir (Patton, 1987). Bu 6grenciler liseyi
bitirmek Gzere olduklarindan, ikinci dereceden sozel problemleri daha 6nceden derslerinde konu olarak
islemislerdir. Dolayisiyla bu ¢alismada sorulan sorulari ¢o6zmek icin ikinci dereceden sézel problemler
hakkinda bilgileri vardi. Bu nedenle ikinci dereceden sozel problemler hakkinda yeterli bilgiye sahip
olduklari varsayilimistir.

300



Awatef ELAZZABI, Ahmet KACAR — Pegem Egitim ve Ogretim Dergisi, 10(1), 2020, 283-316

Veri Toplama Araglari

Arastirmada, veri toplama araci olarak 6grencilere ikinci dereceden sozel problemlere iliskin Ug
soruluk test uygulanmistir (Tablo 1). Calismanin verileri bu test ile elde edilmistir. Test, 6grencilerin ikinci
dereceden s6zel problemler konusunu tamamladiklari 2018 baharinda gergeklestirildi.

Tablo 1..
Test Problemleri.

1. Bir dikdortgenin uzunlugu genigliginden 5 cm daha buyuk. Alanin 36'ya esit oldugunu biliyorsak,
dikdortgenin uzunlugu ve genisligi nedir?

2. iki ardisik tek sayimiz var. iki sayinin ¢arpiminin sonucu 15'e esittir. Bu sayilar nedir? Cevabi nasil
buldugunuzu gosteriniz.

3. Bir kenar uzunlugu (x + 3) olan bir kare ile kenarinin uzunluklari (2x +3) ve (3x - 5) olan dikdértgen
ayni alana sahiptir.
a. xdegiskenine bagli olan denklemi bulunuz
b. (a) bolimindeki denklemin ¢ozimini bulunuz
c. Karenin alani bulunuz

Testteki her bir arastirma sorusu o6grencilerin dislncelerini yansitacak sekilde tasarlanmistir.
Sorularin dil, seviye ve icerik agisindan uygun ve gecerli olup olmadigini belirlemek icin matematik
egitimi alanindaki akademisyenlerin gorusleri alinmistir. Testten elde edilen verilerin giivenilirligi igin,
kodlayicilar arasindaki uyumluluk gézéniinde bulundurulmustur. Ogrencilerin cevaplari iki denetleyici
tarafindan bagimsiz olarak kodlandiktan sonra, Cohen’in Kappa uyum katsayisi hesaplanmistir. Cohen’in
kappa katsayisinin sonuglari .81’dir. Kodlayici analizinin tutarhihiginin élgtlmesi ile ilgili bu sonucun yeterli
oldugu disliniilmektedir.

Veri Analizi

Bu calismada 6grencilerin cevaplari SOLO Taksonomisi'ne ve betimleyici arastirma yontemine gore
analiz edilmistir. Ogrencilerin cevaplari detayl bir sekilde incelenmis, ikinci dereceden sézel problemlere
iliskin diisinme diizeyleri SOLO Taksonomisi’'ne dayanarak analiz edilmistir. SOLO Taksonomisi’'nin
diisiinme dizeyleri ve bu degerlendirmelerin nasil yapildigi, Tablo 2'de agiklanmistir.

Tablo 2.

SOLO Taksonomisi’ne Dayanan Her Seviye Igin Dederlendirmeler..
No Diizeyler Gosterge

1 Yapi Oncesi e Ogrenci problemi anlayamaz.

e Ogrencinin bilgisi yoktur.
o ilgisiz cevaplar vermistir.
e Problemi ¢ozmek anlamsizdir.
o Genellikle 6grencilerin verdigi cevaplar istenen cevaplarla ilgili degildir.
e Problemiyanlis yorumlar.
2 Tek Yonla Yapi e Ogrencinin problemi anlama yetisi sinirhdir.
e Ogrenci genellikle problemin bir yéniine odaklanir.
e Ogrenci bir iliski kurabilir ama ¢ok sinirlidir.
3 Cok Yonli Yapi e Ogrenci daha karmasik bir iliski kurabilir.
e Ogrenci, problemin birden fazla yéniinii kullanir ancak bu yénleri birbirleriyle
iliskilendiremez.
4 iliskilendirilmis e Ogrenci iliskiyi genellestirebilir.
Yapi o Ogrenci iliski icin bir kural ya da formiil verir.
e Ogrenci problemin cevabina iligkin tiim yénleri anlar ve bu yénleri iliskilendirebilir.
5 Soyutlanmig Yapi e Ogrenci yeni seyler yaratir.
o Ogrenci problemin ¢6ziimiine ulasmanin &tesine gegip yeni bir strateji gelistirir.
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Bulgular

Bu bélimde, Libyali ve Tiirk 6grencilerin cevaplari SOLO Taksonomisi’ne gore analiz edilmis, elde
edilen sonuglar 6grencilerden alinan orneklerle grafikler halinde sunulmustur. Her iki tilkeden de her
seviye icin en az bir érnek verilmistir. Ornekler diger benzer ¢oéziimleri temsil etmek icin dikkatlice
secilmislerdir.

Birinci Arastirma Sorusuna iliskin Bulgular

Bu boliimde, oOgrencilerin birinci arastirma sorusuna verdikleri yanitlarin analizinin sonuglar
sunulacaktir.

%51.85
%40.74
M Libya
o %22.22
B Turkiye
%3.70
%.00 - %.00
Bos YO TYY CYy iy

Sekil 1. Birinci arastirma sorusunun cevabinin SOLO Taksonomisi.

Sekil 1, Libya'daki sekiz grencinin iliskilendirilmis yapi diizeyinde (iY) ve yedi 6grencinin de ¢ok yénli
yap! diizeyindedir (CYY) oldugunu géstermektedir. Katihmcilarin % 3.70'i (n = 1) yapi 6ncesi (YO) ve %
18.52'si (n = 5) tek yonlu yapr (TYY) dusinme diizeyine sahipken, geri kalan % 22.22'si problemi
¢6zmemislerdir. Burada, YO'de yalnizca bir &grencinin oldugu ve &grencilerin yanlis yorumlamalar
nedeniyle problemi ¢ozemedikleri gorilmektedir. TYY grubundaki bes 6grencinin problemin gereklerine
iliskin sinirh bir kavrayisa sahip oldugu ve problemin yalnizca bir yéniine odaklandig tespit edilmistir.
CYY'deki yedi 6grenci, cevaplarinda problemin farkh yonlerini ortaya koymus ancak, anlamli bir sonug
iretmeyi basaramamislardir. iY'deki kalan sekiz 6grencinin verdikleri cevaplar uygun ve tutarlidir.

Ogrencilerin birinci probleme verdikleri yanitlarin analizinden elde edilen sonuglara dayanarak,
Libyal 6grencilerin gogunun ileri diisinme diizeylerine dogru ilerlemede basarili olabilecegi sdylenebilir.
SOLO Taksonomisi dislinme seviyelerine dayanarak, yliksek diizeyde anlama yetisine sahip 6grenciler
iliskilendirilmis yapi asamasina, ortalama anlayisa sahip olanlar ¢ok yonlG yapi asamasina ulasabilir.
Ancak, anlama yetisi diisiik olan 6grenciler yalnizca yapi 6ncesi diisiinme diizeyine veya muhtemelen tek
yonll yapi diizeyine ulasabilir gériinmektedirler.

Sekil 1'e bakildiginda, iY’de 11 Tiirk dgrenci, CYY’de 14 dgrenci, TYY' de de 2 6grenci bulunmakta, bu
arastirma sorusunu bos birakan 6grenci hi¢ yoktur. Bununla birlikte, TYY grubundaki ogrencilerin,
arastirma sorusuyla ilgili gereksinimler konusunda sinirh bir kavrayisa sahip olduklari ve sorunun sadece
bir yoniine odaklandiklari gérilmektedir. CYY'de olup, cevaplarinda problemin farkh yonlerini ortaya
koyan 14 6grenci vardir; ancak anlamli bir sonug iiretememislerdir. iY’de olup verilen bilgilerle uyumlu
ve tutarli cevaplar sunan 11 6grenci (n = 11) bulunmaktadir.

Tiurk ogrencilerin sonuglarina bakildiginda bu problemde ileri diisinme seviyelerine ilerlemede
cogunun basarili olabilecegi sdylenebilir. SOLO Taksonomisi’ne gore, yuksek dizeyde bir anlama yetisine
sahip 6grencilerin iliskilendirilmis yapi asamasina erisebildikleri, ortalama bir anlama yetisi olanlarin ¢ok
yonlu yapi asamasina ulasabilecegi ve disik bir anlama yetisine sahip olan 6grencilerin tek yonli yapi
dizeyine ulasabilecegi sonucuna varilmistir.
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Birinci arastirma sorusu gézoniinde bulunduruldugunda, hem Libyali hem de Tirk 6grencilerin TYY,
CYY ve IY diizeylerine ulasabildikleri bulgulanmistir. Bununla birlikte, bazi Tirk 6grenciler, Libyali

ogrencilerden daha yiksek bir dislince diizeyi gostermislerdir. Bu, Tiirk 6grencilerin s6zel problemlerde

Libyah 6grencilerden daha iyi olduklar seklinde yorumlanabilir. Asagidaki &rnekler, TYY, CYY ve iY'de
kabul edilebilir cevaplardan bazilaridir:

The length of a rectangle is S5cm greater than its width, If we know the area is equal to 36
cm?, what is the length and width of the rectangle?

Y( X+ 5 ) =20

Sekil 2. Libyali bir 6grencinin birinci arastirma sorusuna verdigi cevap.

| Bir dikdGrtgenin uzunlugu genislizinden 5 cm daha bhyGktdr., Alanin 36 cm?'ye esit
oldugunu biliyorsak, dikdartgenin uzunlugu ve genisligi nedir?

A D

xf‘S - A =2l

z'c

P

Sekil 3. Bir Tiirk 6grencinin birinci arastirma sorusuna verdigi cevap.

Sekil 2 ve 3'te verilen cevaplar, bu iki 6grencinin ¢6ziiml bulma bilgisine sahip oldugunu ve sézel
problemleri sembollere ¢evirme anlayisina sahip olduklarini, ancak 6grencilerin ¢6ziime yalnizca bir adim

uzaklikta olsalar da ¢6zimi tamamlayamadiklarini gostermektedir. Bu nedenle, 6grencilerin cevaplari
TYY'de kabul edilmistir.

The length of a rectangle is Sem greater than its width. If we know the area is equal to 36
:m?, what is the length and width of the rectangle?

LD ) O~

L o
15720230

L . - 4 -0
}(__, -‘- [) L "'_"-__/)(" -

Sekil 4. Libyali bir 6grencinin birinci arastirma sorusuna verdigi cevap.

Bir dikddrtgenin uzunlugu genisliginden 5 e¢m daha biylktir. Alanin 36 cm?'ya esit
oldugunu biliyorsak, dikdértgenin uzunlugu ve genisligi nedir?

17 o _gf'f%(’ a
\f: )\ '\(."'(‘ ’r.’)
"*D"‘ - L IR
«*5 AT

’ (=R ”‘r\:,{:.
) -

Sekil 5. Bir Tlirk 6grencinin birinci arastirma sorusuna verdigi cevap.

Sekil 4 ve 5'te gosterildigi gibi, bu iki 6grenci birinci arastirma sorusuna dogru cevap sunabilmislerdir.
Bu da dogru yontemi kullanarak bir ¢6zim sunmak icin gerekli bilgi ve becerilere sahip olduklarini

gdstermektedir. Ogrenciler ¢6ziim igin iyi bir adim atmislar ancak ¢éziimii tamamlayamamislardir. Bu
nedenle 6grencilerin cevaplari CYY'de kabul edilmistir.
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SpposSC W idth X X+9q:0 )
L Legtht X+ 5 ’ Because The Length is Wt nggaivie
x(Xt+5):3¢ K:—?_o
X% 5x -36=0 x-a:

. X -4 _
{Xfc”('x-q):o ' :/-"Af!’l *('ehsil..:"if‘;—?

Sekil 6. Libyali bir 6grencinin birinci arastirma sorusuna verdigi cevap.

) Bir dikdértgenin uzunlugu genigliginden 5 cm daha bdyiktdr. Alamin 36 cm?'ye esit

olduunu biliyorsak, dikdértgenin uzunlugu ve genisligi nedir? X+5
(x+s Yoo = 34 YETx -1¢ = X
L. x *
X+Sa ™ 16 x "i
N==3 qenislizi =¢
X=+4 Uz‘m]h{'- =4

Sekil 7. Bir Tlirk 6grencinin birinci arastirma sorusuna verdigi cevap.

Sekil 6 ve 7'de goruldigu gibi, bu iki 6grenci birinci arastirma sorusuna dogru cevap verebilmislerdir.
Bu da dogru yontemi kullanarak bir ¢6zim sunmak icin gerekli bilgi ve beceriye sahip olduklarini,
ogrencilerin ¢ézime dogru iyi bir adim attiklarini ve uygun adimlari kullanarak birinci arastirma sorusunu
¢6zebildiklerini gstermektedir. Bu nedenle égrencilerin cevaplari iY'de kabul edilmistir.

ikinci Arastirma Sorusuna iliskin Bulgular

Bu boliim, 6grencilerin ikinci probleme verdikleri yanitlarin analizinin sonuglarini icermektedir.

%63.00

M Libya

B Turkiye %22.23

%3.70 o op %4.00
|

Bos YO TYY oYy iy

Sekil 8. ikinci arastirma sorunun cevabinin SOLO Taksonomisi.

ikinci arastirma sorusuna goére Sekil 8, CYY (n=3) ve iY’de (n=4) az sayida Libyal &grenci oldugunu
gostermektedir. Orneklemin %63.00'U TYY ve TYY’deki 17 dgrenciden olusurken, alti katilimer (%22.23)
ikinci soruya cevap verememistir. Diisiik seviyeli dgrenciler, YO diisiinme diizeyine erisebildiklerinden,
bu diizeydeki 6grencilerin orani diger diizeydekilerden daha yiiksektir. Bu nedenle, bu sonugtan, bu
dgrencilerin  ¢cogunun ikinci arastirma sorusunda ileri diisinme diizeylerine ilerlemede basarili
olamadiklari séylenebilir. Tiirk dgrencilerde ise, cok az sayida dgrenci (n = 3) iY’de ve yine az sayida
Ogrenci (n = 5) CYY'de bulunmaktadir. Burada, CYY'den ve TYY’den toplam 22 6grencinin 6rneklemin %
81.50'ini olusturdugu ve sadece bir 6grencinin (% 3.70) bu probleme cevap veremedigi goriilmektedir.
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ikinci arastirma sorusunda disiik seviyeli dgrencilerin, YO disiinme diizeyine ulasabildikleri ve bu
dizeydeki 6grencilerin orani diger diizeydekilere gore daha yiiksek oldugu igin, 6grencilerin gogunun
ileri diisginme dizeylerine ilerlemede basarili olamadiklari séylenebilir. Bu nedenle, 6grencilerin bu
probleme verdikleri cevaplar, ileri diisinme {rlinli olarak degerlendirilemez.

Her iki tlkeden de birka¢ 6grenci tam cevaba ulagsmayi basarmistir. Bu soruya cevap veren
ogrencilerin en yliksek ytzdesinin Libyal 6grencilerde oldugu dikkat ¢cekmistir, bu da sozel problemleri
Tirk 6grencilerden daha iyi anladiklari seklinde yorumlanabilir. Ancak bu, distk bir ylizdeyi temsil ediyor
ve Libya grubundaki diger 6grencilerin sézel problemleri anlama ve matematiksel sembollere ¢evirmede
zorluk yasadiklari bulgusunu degistirmiyor. Ayrica ikinci dereceden denklemi ¢ozemeyen, cevaplari ileri
diisiinme Griinii olarak degerlendirilemeyen 6grenciler de vardir. Asagida, TYY, CYY ve iY’de kabul edilen
cevaplara ornekler verilmistir:

| We have two consecutine odd numbers The resu’t of multiplying the two numbers

cquals 15 What are these numbers? Show how you found your answer

Sekil 9. Bir Libyal 6grencinin ikinci arastirma sorusuna cevabi.

| Ardigik iki tek sayinin ¢arpimi 15tir. Bu sayilar nelerdir? Cevabi nasil buldugunuzu
agiklayiniz.

x {KJ.J_]-P'T

-

X=15

=,

Sekil 9 ve 10'da verilen cevaplar, bu iki 6grencinin ¢6zimi bulma ve sézel problemlerin sembollere
donistiriilmesi bilgisine sahip oldugunu gostermektedir. Ancak, ¢6ziime dogru bir adim atmis olsalar da,
ogrencilerin ¢6zimi tamamlayamadiklari gériilmektedir. Bu nedenle, 6grencilerin cevaplari TYY'de kabul
edilmistir.

Sekil 10. Bir Turk 6grencinin ikinci arastirma sorusuna cevabi.

We have two consecutive odd numbers. The result of multiplying the two numbers
equals 15. What are these numbers? Show how you found your answer.

.\A

‘ XhH) =20
k\i — 3\\ ~ \5!

Sekil 11. Bir Libyali 6grencinin ikinci arastirma sorusuna cevabi.
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Ardisik iki tek sayinin carpimi 15°tir. Bu sayilar nelerdir? Cevabi nasil buldugunuzu
agiklayiniz.

X (_\{+2J S

N/
2 ot

Sekil 12. Bir Turk 6grencinin ikinci arastirma sorusuna cevabi.

Sekil 11 ve 12'de gosterildigi gibi, bu iki Ogrenci ikinci arastirma sorusuna dogru cevap
verebilmislerdir. Bu da dogru yontemi kullanarak bir ¢6ziim sunmak igin gerekli bilgi ve becerilere sahip
olduklarini  géstermektedir. Ogrenciler ¢dziim igin iyi bir adim atmiglar ancak ¢&zimii
tamamlayamamiglardir. Bu nedenle 6grencilerin cevaplari CYY'de kabul edilmistir.

We have two consecutive odd numbers. The result of multiplying the two numbers
equals 15. What are these numbers? Show how you found your answer.

AR )= 15 -

. . f— N
. '\_> s

-~ \

' » X=-5 >~ (Nos)
L )\'.\' A+~ B =0 .’;.“3-5’5’;".‘;;’

Sekil 13. Bir Libyali 6grencinin ikinci arastirma sorusuna cevabi.

Sl

| Ardistk iki tek sayinin carpimi 15’tir. Bu sayilar nelerdir? Cevabi nasil buldugunuzu
agiklayiniz.

o (~+2) o8

nz+2n-1Ss=>> N3 n42=5
it e IEVER
na n=3 -
Sekil 14. Bir Turk 6grencinin ikinci arastirma sorusuna cevabi.

Sekil 13 ve 14'te verilen cevaplar, bu iki 6grencinin ¢6zimi bulmak icin gerekli bilgiye sahip
oldugunu ve sézel problemleri anladiklarini géstermektedir. Ogrenciler ¢dziimii elde etmek icin uygun
adimlari atip, ikinci dereceden denklemin analizini tamamlamislardir. Bu durum, 6grencilerin kelimelerle
sunulan problemi matematiksel sembollere ¢evirme ve ikinci dereceden denklemi ¢dézme becerisine
sahip olduklarini géstermektedir. Bu nedenle, her iki 8grencinin de yanitlari iY olarak kabul edilmistir.

Ugiincii Arastirma Sorusuna iliskin Bulgular

Bu bolimde, 6grencilerin ¢ bolimden olusan Uglinci probleme verdikleri yanitlarin analizinin
sonuglarini sunulmustur.

Sekil 15, her iki Gilkeden 6grencilerin ¢cogunun lglUnci arastirma sorusunun a) sikkina dogru cevap
verebildigini, ancak en yiksek oranin Tirk 6grencilere ait oldugunu gostermektedir. Bu, ¢ogu 6grencinin
sozel problemleri, sembol gosterimleri ile cebirsel yasalar arasindaki iliskiyi ve denklem ¢dzme
konusundaki kullanimlari anlayabilme yetisiyle agiklanabilir. Bu nedenle, 6grencilerin ¢ogunun bu
problemde ileri disinme seviyelerine dogru ilerleyebilecegi séylenebilir. Asagidaki cevaplar, TYY ve
CYY’de kabul edilen cevaplara 6rneklerdir:
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%66.67
%48.15
m Libya %33.33
H Tirkiye
%18.52
%14.81 %11.00
%7.41
%.00 . % 00 %.00
Bos Y6 TvY cvy iy

Sekil 15. Uglincii arastirma sorusu a) sikkinin cevaplarinin SOLO Taksonomisi.

“(a) Find equation is in the variable x.

" Ny 4 )

O+ 307 +3)= (Ax+3)(2-5)

/-

Sekil 16. Libyali bir 6grencinin Uglincl arastirma sorusunun a) sikkina verdigi cevap.

| (a) x degiskenine bagh denklemi bulunuz.
o 2
(x+1) «(k+3) = (xe)

Sekil 17. Bir Tlrk 6grencinin Gglincl arastirma sorusunun a) sikkina verdigi cevap.

Sorunun a) sikkinin cevaplandigi Sekil 16 ve Sekil 17'de verilen cevaplar, 6grencilerin, denklemi x
degiskenine gore cebirsel olarak ifade ettiklerini, dogru bir sekilde ¢6ziim bilgisine sahip olduklarini,
ancak kullanilan harfin (x) degisken oldugundan ve farkli degerlere sahip olabileceginden habersiz
olduklarini gostermektedir. Bu nedenle, 6grencilerin cevabi TYY diizeyinde kabul edilmektedir.

(a) Find equation is in the variable x.

(A1) {193y = (T3)(30-5) =

z L e -
¢ V454 /A ax .
v, L. 0 b A8 X-4HL 45 1
X $bA+7+ ) (] 0 N l‘(,- sy 7Y
2. T i s ( ."" ;.' ‘, /- . / ! E: b Loty
2 G A 1x-1% 5

- o

=

Sekil 18. Libyali bir 6grencinin tGglncl arastirma sorusunun a) sikkina verdigi cevap.
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(a) x degiskenine bagli denklemi bulunuz.

[ .7 - il

(% +2) - @42) =(Tx12)-(3x-5)
wDiek Dog, 2% B = b7\:;'—-\()% +Ax ~-15
. ' = SxT=Fx -2y

Sekil 19. Bir Tiirk 6grencinin tglincl arastirma sorusunun a) sikkina cevap.

Sekil 18 ve 19, her iki tGlkeden 6grencilerin, 6rnegi sdzelden sembollere gevirme konusunda iyi bir
yanit verdiklerini ve ikinci dereceden denklemi olusturabildiklerini gostermektedir; bu nedenle CYY’'de
olduklari kabul edilmistir.

%62.96

H Libya

H Tirkiye

%11.1

%3.70%3.70
TYY

%.00%.00

Bos YO

cYY iy

Sekil 20. Ugiincii arastirma sorusunun b) sikkinin cevaplarinin SOLO Taksonomisi.

Ogrencilerin (iclincii arastirma sorusunun b) sikkina iliskin ¢dziimlerinin analizi su sekildedir: Libya
grubundaki 6grencilerin %22.23'i YO’de, % 3.70'i TYY'de, %11.11'i CYY’de cevap vermistir. Bu sikki bos
birakanlar ise katilimcilarin %62.96'sini olusturmustur. Tirk &grencilerin %14.82'si YO'de, % 3.70'i
TYY'de, %51.85'i CYY'de yanit vermis ve katimcilarin %29.63'U bos birakmistir.

Sekil 20, Libyali 6grencilerin ¢ogunun Uglncl arastirma sorusunun b) sikkina cevap vermedigini
actkca gostermektedir; bu nedenle, Ogrencilerin sadece kiigik bir kismi bu sikki basariyla
tamamlayabilmistir. Buna karsilik, Tiirk 6grencilerin %51.85'i dogru cevap vermistir. Bu, Turk 6grencilerin
analitik distinme becerileri ve ikinci dereceden denklemlerin ¢6zimi agisindan cebirsel diisinme
duzeylerinin, bu problemle ilgili olarak Libyal 6grencilerden daha iyi oldugunu gostermektedir. Tirk
ogrencilerin ¢ogunun ikinci dereceden s6zel problemlerde ileri diisinme seviyelerine dogru ilerlemeyi
basarabildiklerini ve problemin cevaplarinin ileri diisinmenin bir {riinU olarak degerlendirilebilecegi
soylenebilir. Asagida, CYY’'de 68renci ¢ozlimlerine 6rnekler verilmistir.

(b) Then find the solution of this equation.

=3 ' Xz =T | ‘ 'l"\('A (1) 71,k 0d
5% k- -Uzo  Xetf UTH-Usga(-2u) -FaFed
T

z 20-33

s |

Sekil 21. Libyal bir 6grencinin UGglnci arastirma sorusunun b) sikkina verdigi cevap.
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(b) Buldugunuz denklemin ¢dzlimini yapiniz.
5x2- Ix-324 = O
= +2 (5 fR) - &k-3)
R '3

Sekil 22.Bir Turk 6grencinin Gglincl arastirma sorusunun b) sikkina verdigi cevap.

Sorunun b) sikkinin cevaplandigi Sekil 21 ve Sekil 22'de verilen cevaplar, 6grencilerin denklemi x
degiskeninde cebirsel olarak ifade ettiklerini, dogru bir sekilde bir ¢6zim bilgisine sahip olduklarini,
ancak kullanilan harfin (x) degisken oldugundan ve farkli degerlere sahip olabileceginden habersiz
olduklarini géstermektedir. Bu nedenle, 6grencinin cevabi TYY dizeyinde kabul edilmektedir.

(b) Then find the solution of this equation.

. ol R B
SY - X-2Y =0

P ~

Sekil 23. Libyal bir 6grencinin UGglncl arastirma sorusunun b) sikkina verdigi cevap.

(b) Buldugunuz denklemin ¢6zGmund yapiniz.

s P xA+D —orT—x IS

Sx? - A =24 O (S=e T} -7
/ -3 g S =
x=_®
=y =

Sekil 24. Bir Turk 6grencinin Uglincli arastirma sorusunun b) sikkina verdigi cevap.

Sekil 23 ve 24'te, 6grenciler lglnci problemin ikinci bolimini ¢ozebilmisler ve ikinci dereceden
denklemi ¢dzmek icin kareler arasindaki farki kullanma konusunda tecriibeleri vardir. Ogrenciler bu
¢6zUimi tamamladiklarindan dolayi, cevaplari CYY olarak kabul edilmektedir.

enbie %51.85

%33.33
M Libya

B Turkiye

%.00 %.00

%.00 %.00

Bos YO TYY cYY iy

Sekil 25. Ugiincii arastirma sorusunun c) sikkina cevaplarinin SOLO Taksonomisi.
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Sekil 25'te gorildigi gibi, 6grencilerin Gglincl arastirma sorusunun c) sikkina iliskin ¢éziimlerinin
diizeyleri séyledir: Libyali &grencilerin %33.33'G YO’de, % .00 TYY'de ve %11.11'i CYY'de
cevaplamislardir ve katiimcilarin % 55.56'si bu bélimu bos birakmistir. Tirk 6grenciler igin, % 14.82'si
YO’'de, %0 TYY'de, %51.85'i CYY’'de cevap vermistir ve bu maddeyi bos birakanlar katilimcilarin
%33.33'tni olusturmaktadir. Libyali 6grencilerin ¢ogu, Tirk 6grencilerden farkh olarak, c) sikkina cevap
verememistir. Bu nedenle, c) sikkinda Tiark oOgrencilerin cebirsel disiinme dlzeylerinin Libyah
ogrencilerden daha iyi oldugu soylenebilir. Asagidakiler CYY'deki 6grencilerden ¢6ziim 6rnekleridir:

" (c) Find a square area.

e oo < Al X il

% 7 > 7
Aazi (e 3yl X43) =(23) = {=7 %
(3

Sekil 26. Libyali bir 6grencinin tglincl arastirma sorusunun c) sikkina verdigi cevap.

-

'(c) Karenin alanim bulunuz.

Sekil 27. Bir Tlirk 6grencinin tglincl arastirma sorusunun c) sikkina verdigi cevap.

Sekil 26 ve 27'de, 6grenciler tglincl arastirma sorusunun c) sikkini ¢6zme becerisine ve bu konudaki
matematik vyasalarinda deneyime sahiptirler. Uglincii arastirma sorusunu tamamladiktan sonra
ogrencilerin cevaplari CYY olarak kabul edilmistir.

Arastirma Sorularinin Tamamu ile ilgili Bulgular

Bu bolimde, Libyal ve Tirk 6grencilerin her ¢ probleme verdikleri yanitlarin analizinin sonuglari ele
alinmaktadir.

%48.15

%36.30

M Libya

B Turkiye %16.30

%12.00
%8.89

%9.00 7010.37

Bos YO TYY cYY iy

Sekil 28. Libyal ve Turk 6grencilerinin aragtirma sorularinin tamamina verdikleri cevaplarin genel analizi.
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Sekil 28, arastirma sorularini bos birakanlarin %36.30'unu Libyali 6grencilerin, %16.29'unu Turk
ogrencilerin olusturdugunu gostermektedir. Bu sonug; 1) arastirma sorularinin anlasilamamasi, 2) sézel
problemlerin gevirisinde giiglikler veya 3) ihmalkarhktan kaynaklanabilir.

Dusunme dizeyleri CYY'de olan Turk 6grenciler agirlikli olarak % 48.15'dir. Ayrica, her iki ulke igin
Sekil 28'deki bos kisim elimine edilirse, Turk 6grenci dlizeyleri yiuksek olacaktir. Libyal 6grenciler icin bu
rakam simetriye yakin bir dagilima isaret eder. Bu, 6grenci diizeyinin bu ¢alismada kullanilan arastirma
sorulari seviyesine uygun oldugu anlamina gelir. Ayrica, iki Glkenin 6grencileri karsilastirildiginda, Turk
dgrencilerin CYY diisiinme diizeyleri ve problemler arasinda 1Y’deki yiizdeleri Libyali 6grencilerden daha
yuksektir. Bu durum Turk 6grencilerin ikinci dereceden sozel problemleri ¢6zme konusundaki yeterlilik
ve becerilerinin de daha yuksek oldugunu agiklar.

Tartisma, Sonug ve Oneriler

Bu calismanin amaci, Libyali ve Tirk 6grencilerin ikinci dereceden sézel problemleri ¢ozmedeki
diisinme dizeylerini SOLO Taksonomisi’'ne gore arastirmaktir. 27 Libyali ve 27 Turk 6grenci ikinci
dereceden sozel problemler Uzerinde test edilmis ve bu konudaki bilgi ve dislince dizeyleri SOLO
Taksonomisi’'ne dayanilarak analiz edilmistir.

SOLO Taksonomisi ile problem analizi sadece 6grencilerin yeterliligi ya da yetersizligini ortaya
koymakla kalmaz, ayni zamanda disiinme diizeyleri ile bilis diizeyleri hakkinda da bilgi verir. Boylece,
SOLO Taksonomisi 6grencilerin matematiksel diisiinme seviyelerini 6lgmek igin bir ara¢ olarak
kullanilabilir. Ayrica SOLO Taksonomisi, 6grencilerin problem ¢dzme islemlerini degerlendirmek ve ilave
olarak matematik alanindaki kavramlari (Lian & Idris, 2006; Pegg & Tall, 2005) degerlendirmek i¢in de
kullanilmaktadir.

Bu ¢alismad, SOLO Taksonomisi, ikinci dereceden bir bilinmeyenli sézel problemler hakkinda
Ogrencilerin disiinme duzeyleri ile ilgili bilgi saglamistir. Elde edilen sonuglara goére, Libyali 6grencilerin
%9.00'unun iY’de, % 21.50'inin CYY’de, % 21.50'inin TYY'de, %12'sinin YO’de oldugu ve % 36.30'unun
problemleri bos biraktigi gériilmistir. Tirk 6grenciler igin %10.37'si 1Y’'de, %48.15'i CYY’'de, % 16.29'u
TYY de ve %8.89'u YO’dedir ve %16.30'u ise problemleri bos birakmistir.

ikinci dereceden sézel problemlerin ¢dziimiinde SOLO Taksonomisi’ne dayanan égrenci disiinme
diizeylerine iliskin bulgular ve veri analizi, Libyali 6grencilerin %36.30, Tlrk 6grencilerin ise %16.30’unun
problemleri bos biraktigini, dolayisiyla 6grencilerin s6zel problemleri matematiksel ifadelere gevirmekte
basarisiz olduklarini gostermektedir. Ayrica problemi anlama eksikligi 6grencilerin sézel problemleri
matematiksel ifadeye ¢evirmede basarisiz olmalarinin ana nedenlerindendir. Calismanin bu sonucu,
Zentall ve Ferkis'in (1993) calismasiyla 6rtiismektedir. Ogrencilerin problemi gérsellestirme ve ifade
etmedeki zorluklari, sdzel problemleri cevirmede basarisiz olmalarinin sebeplerinden biridir (Angateeah,
2017). Ayrica, 6grencilerin bu calismada problemleri ¢cozememelerinin sebepleri, dikkatsiz olmalari,
problemi disiinememe veya anlayamamalaridir. Bu sonug¢ Yeo'nun (2009) arastirmasinin sonucuyla
drtiismektedir. Ek olarak, Libyal 6grencilerin %12‘sinin diisiinme seviyeleri YO’de, Tiirk &grencilerin ise
% 8.89’unun diisiinme seviyeleri YO’dedir. Bu &grencilerin bazilari sorulara problemde bulunmayan baz
degiskenlerle cevap vermislerdir; bu da onlarin cevaplarinin problemle ilgisi olmadigi anlamina geliyor
(Tindowen, Ramirez & Sales, 2019). ilave olarak, problemin &grenciler tarafindan yanlis yorumlanmasi,
sozel problemleri ¢ozmede basarisiz olmalarinin baska bir nedenidir. Bu galismanin sonucu birgok
o6grencinin problem ¢ézmede zorlandiklari iddiasiyla ortismektedir. Clnkl bazi kelimeleri yanhs
anlamaktadirlar (Krulik & Rudnick, 1996).

Libyali 6grencilerin yaklasik %21.50'si TYY’de, Tirk 6grencilerin ise %16.29'u TYY’dedir. Bu sonuglar,
o6grencilerin lisede ogrendikleri bir konu olmasina ragmen, ikinci dereceden bir bilinmeyenli sozel
problemlerle islem yapmakta az veya c¢ok az bilgiye sahip olduklarini géstermektedir. S6zel problemler
konusundaki zayif bilgileri, yanhs dusiinceleri veya yanhs anlamalarindan kaynaklanmaktadir. Bulgu,
Booth (1984) ile de tutarlidir.
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Arastirmanin bulgulari ayrica, disiik ve orta seviye Ogrencilerin ¢ogunlugunun cebirsel ifadeleri
anlamada ve cebirsel islemleri gerceklestirmede zorluk yasadiklarini bildiren Roslina'nin (1997)
arastirmasini da desteklemektedir.

Bulgular, Tiirk 8grencilerin %48.15'inin CYY’de ve % 10.37'sinin iY’de oldugunu géstermistir ve bu iyi
bir sonug olarak degerlendirilmistir. Libyali 6grencilerin %21.50'si CYY’de, %9'u ise 1Y'deydi. Bu, Tiirk
ogrencilerin blylik bir kisminin, Libyali 6grencilere kiyasla bu tir problemlerde ileri disinme
seviyelerine dogru ilerlemekte daha basarili olabilecegini gostermektedir. Bu seviyelerdeki 6grenciler
kavramsal bilgi ve islem gerektiren yazil bir cevaba sahiptir. Kavramsal bilgi ve islem birbirinin ayriimaz
bir pargasidir ve 6grencilerin matematik basarisi igin ¢ok 6nemlidir (Hiebert & Carpenter, 1992).

Bulgular 1siginda, 06grencilerin sozel problemleri ¢dzme yetenekleri, ciimleleri matematiksel
sembollere nasil cevirdiklerine baghdir (Bardillion Jr.,, 2004). Ortadgretim Ogrencilerinin sézel
problemleri ¢cozmek igin kullandiklari yontemler, problemleri anlamalarina ve matematiksel becerilerine
katki saglar (Silver, 1992; Verschaffel, Greer & De Corte, 2002). Ogrencilerin ciimleleri sembollere
cevirme becerileri, 6grencilerin problemlere yonelik ¢éziimlerde basarilarini etkilemistir (Vista, 2010).

Mevcut calisma, bazi 6grencilerin ikinci dereceden sézel problemleri matematiksel ifadelere ¢evirme
becerisine sahip olmadiklari sonucuna varmistir. Bu durumun

1. Problemin yanlis yorumlanmasi,

2. Sozel problemleri anlama ve matematiksel sembollere doniistiirme zorlugu,
3. Problemianlama yetersizligi,

4. ihmalkarlik.

sebeplerinden kaynaklandigi gozlenmistir.

Potter ve Kustra'ya (2012) dayanarak, YO diizeyi diisiinme diizeyleri arasindan ¢ikarilmalidir. Clinkii
ogrencilerin genellikle konu hakkinda bir fikri yoktur. Bu durumda g¢alisma bulgularinin, Libyali ve Turk
Ogrencilerin buyik bir kisminin bu problemlerde ileri dusinme seviyelerine ilerlemede basarili
olabilecegini gosterdigini soyleyebiliriz. Ancak, Libyall 6grenciler ve Turk 6grenciler karsilastinldiginda,
bulgular Tirk 6grencilerin Libyali 6grencilerden daha iyi oldugunu géstermektedir.

Arastirmadan elde edilen bulgular ve sonuclar 1siginda, asagidakileri oneriler gelistirilmistir.

ikinci dereceden bir bilinmeyenli sézel problemleri ¢6zmede 6grencilerin karsilastigi eksikliklerin
Ustesinden gelmek icin ilkogretimdeki 6grencilerin matematiksel becerilerini gelistirmek adina diisinme
becerilerini gelistirmeleri desteklenmeli, problemleri ¢ozmek igin ¢esitli temsil ve stratejileri kullanmaya
tesvik edilmelidir.

Ogrencilerin diisiinme becerilerini gelistiren etkinliklere katilmalari saglanarak diisiinme yetenekleri
gelistiriimelidir.

Sinifta 6gretmenin uyguladigl ydontem ve teknikler, diisiinme becerilerinin gelistiriilmesinde dnemli bir
rol oynar. Bu nedenle 6grencilerin dislinme becerilerini gelistirmek icin modern 6gretim yontemleri
kullaniimalidir.

Program gelistiricileri ve yazarlar matematik miufredatindaki 6rnekleri daha net bir yontemle
tasarlayarak 6grencilerin sozel ifadeleri anlamalarini saglamak igin 6grencileri iyi tanimal ve 6grencilerin
sozel problemleri matematiksel fikirler ve kavramlarla iliskilendirebilmeleri igin firsatlar yaratmalidir.

Son olarak, 6grencilerin s6zel problemlerdeki zorluklarini belirleyen daha fazla ¢alisma yapilabilir.
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