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Abstract 

This research aimed to explore the strategies employed by 9th-grade students from Science High Schools, Anatolian High Schools, 
and Vocational High Schools when solving multiple-choice science questions, examining how these strategies differed based on the 
students' subject matter knowledge and the difficulty of the questions. These participating students solved multiple-choice science 
questions from the units of “Force and Motion, Structure and Properties of Substance, and Living Creatures and Energy Relations”. 
The students were observed by the researcher in the process of solving the questions, and students were asked to think aloud to 
determine the cognitive and metacognitive strategies used by the students. A qualitative case study approach was adopted, involving 
15 students from these three school types in Ankara. Data were gathered through observation records of students' question-solving 
processes and semi-structured interviews conducted after solving the questions. To determine students’ levels of content knowledge 
related to the multiple-choice questions, they were asked open-ended questions about each multiple-choice question. The results 
revealed that the subject matter knowledge of Science and Anatolian High School students played a crucial role in answering 
questions correctly, and the cognitive and metacognitive strategies they employed were essential for reaching accurate answers. 
Additionally, it was found that some students from these schools, despite using a variety of cognitive and metacognitive strategies, 
failed to answer correctly due to underlying misconceptions. In addition, it was found out that some students from the Science High 
School and Anatolian High Schools answering the questions wrongly had misconceptions despite using a large number and variety 
of cognitive and metacognitive strategies. 
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Introduction 

One of the most important goals of education in Turkey is to improve students' problem-solving 
skills (Gursel & Karacam, 2020, p.416). Problem-solving is also one of the most important 
elements of the knowledge and skills that students need to have to attend the educational 
institutions they want to study in the central exams in Turkey (Baki, Karatas & Guven, 2002). 
A problem is a case where an individual is faced with a problem that he/she does not know at 
that moment what steps he/she needs to take for a goal he/she wants to realize (Newell & Simon, 
1972). According to Resnick & Glaser (1976), a problem is a situation that the individual has 
not encountered before and does not have any information about how to solve it. Problem-
solving refers to efforts that require achieving a goal or finding a solution when an automated 
solution is not possible (Schunk, 2000). Problem-solving makes it easier for individuals to 
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discover and develop their talents and meet their needs. Individuals do not wait for others to 
decide on the difficulties they face, they seek solutions to these difficulties themselves. In this 
way, they increase their sense of confidence by using their previously acquired knowledge and 
skills. Some researchers who study problem-solving (Dewey, 1910; Ray, 1955; Newell & 
Simon, 1972; Mayer, 1998) agree that the problem arises only when an individual is confronted 
with a challenge to which he or she does not already know the direct answer. The degree of 
difficulty of the problem is not an intrinsic feature of the problem. The degree of difficulty of 
the problem depends on the knowledge and experience of the individual solving the problem 
(Elshout, 1987; Gil-Perez, et. al., 1990). The first of the three factors affecting students' problem-
solving processes is students' problem-solving skills and subject matter knowledge about 
problem-solving. The second is the strategies used by students on how to use their subject matter 
knowledge while solving problems with their higher abilities. The third is students' willpower, 
problem-solving skills, and their feelings and beliefs about problem-solving (Mayer 1998). 
Students' subject matter knowledge is the most significant determinant of their problem-solving 
success (Alugar, 2025; Friege & Lind, 2006). When interpreting a problem, the conceptual 
network in memory for the problem should be activated. This conceptual network encompasses 
information about the content, purpose, and solution of the problem (Gick & Holyoak, 1983). 
Briefly, when solving a problem, individuals use task-subject matter knowledge, strategies, and 
monitoring of problem-solving processes (Van Gog, et. al., 2005). Problem-solving involves 
identifying strategies for solving different types of problems, training the chosen strategies, 
planning explanations, and measuring the results of interventions (Taconis, Hessler, & 
Broekkamp, 2001). Problem-solving strategies have a significant role in helping individuals 
perform a multitude of tasks in their professional (academic) and daily lives. Problem-solving 
strategies are a crucial component of problem-solving (Abdullah 2006). When students are 
solving problems, their subject matter knowledge and awareness of strategies should be 
monitored by the teacher (Santrock 2011). Problem-solving strategies are discussed from two 
perspectives: cognitive and metacognitive strategies. According to Flavell (1979), a strategy is 
classified as a cognitive strategy if it is used to maintain the solution of some of the mental 
operations in problem-solving, and as a metacognitive strategy if it is used to control, monitor, 
or evaluate the operations performed in the solution processes of the problem. Individuals with 
high cognitive and metacognitive skills perform more successfully when solving problems, are 
more controlled throughout the problem-solving process, try to solve complex problems by 
breaking them down into simpler components, and ask themselves questions to clarify their 
thoughts (Ozsoy, 2007). In the literature, individuals who have superior qualities in the problem-
solving process are defined as experts, while those who do not are defined as novices. Some 
studies address the differences between the behaviors of experts and novices in the problem-
solving process (Anderson, Greeno, Kline & Neves, 1981; Prest & Lindsay, 1992; Finegold & 
Mass, 1985; Gick, 1986; Clement, 1991; Savelsbergh, de Jong & Ferguson-Hessler, 1996; 
Dhillon, 1998; Malone, 2006; Tuminaro & Redish, 2007). Individuals who are experts in 
problem-solving have more subject matter knowledge related to problem-solving, while novices 
have insufficient subject matter knowledge (Chi, Feltovich & Glaser, 1981; Tuminaro & Redish, 
2007). Experts better organize their subject matter knowledge about the problem and can more 
easily use and apply this existing subject matter knowledge. Novices, on the other hand, have 
little or no organization of their subject matter knowledge about the problem. Experts' subject 
matter knowledge about the problem is highly interconnected, whereas novices' subject matter 
knowledge about the problem is either weakly interconnected or not connected at all (Chi, 
Feltovich & Glaser, 1981; Tuminaro & Redish, 2007). Previous studies reveal that one of the 
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most significant determinants of students' problem-solving success is their subject matter 
knowledge of the problem. In addition, the strategies that students use to solve problems also 
affect their subject matter knowledge (Lehrer & Littlefield, 1993; Friege & Lind, 2006). This 
study examined how the cognitive and metacognitive strategies employed by high school 
students in Turkey, with varying achievement levels, differ based on their subject matter 
knowledge and the difficulty levels of multiple-choice science questions, identifying distinct 
patterns. The findings from this research are expected to inform future studies by providing 
insights into how the problem-solving behaviors of high-achieving and expert students can be 
effectively taught to low-achieving students and novices in problem-solving.Method 

Research Design 

The study employed a case study design, a widely used qualitative research method. Given that 
each case was analyzed holistically and compared with others, the research was structured as a 
holistic multiple-case study (Yin, 2003; Yildirim & Simsek, 2006). 

Participants  

A total of 15 students—5 from Science High Schools, 5 from Anatolian High Schools, and 5 
from Vocational High Schools—were selected for the study based on their scores in a central 
examination conducted in Turkiye. The students participated in the study voluntarily. The 
students were given pseudonyms, and the real names of the students were not used. The types 
of high schools that the students participating in the study studied as a result of the high school 
placement exam held during the transition from secondary school to high schools in Turkey, 
their high school placement scores, and the pseudonyms given to them are presented in Table 1. 

 

Table 1: The Types of High Schools Students Attended, Their High School Placement Scores, and The 
Pseudonyms Given to Them 

Type of High School Students’ Pseudonyms 
High school placement 

scores 

Ankara Çankaya / Science High 
School 

Aydın 498,808 

Serkan 498,139 

Meltem 498,001 

Zeynep 495,602 

                            Yavuz 492,236 

Ankara Keçiören/Anatolian High 
School I 

Ebru 459,984 

Onur 456,368 

Ankara Yenimahalle/ Anatolian 
High School II 

Banu 436,483 

Ankara Yenimahalle/ Anatolian 
High School III 

Gonca                      435,54 

Ankara Yenimahalle/ Anatolian 
High School III 

Nazlı 416,277 

Vocational High School 

Hazal 390,842 

Teoman 387,747 

Cemre 364,599 

Kardelen 362,912 

Faruk 292,211 



1584 The Patterns Between 9th Grade Students' Level 

Journal of Posthumanism 

 

 

Instrument and Procedures Data Collection Tools 

a. Think Aloud Sessions with Multiple Choice Questions 

The primary data collection tool utilized in the study was think-aloud sessions, during which 
students were asked to solve three multiple-choice questions from the area of Science. These 
questions were carefully selected to represent one discipline each—Physics, Chemistry, and 
Biology. The multiple-choice questions were drawn from units in the Ministry of National 
Education science curriculum that featured a high number of learning outcomes. These units are 
Force and Motion from the discipline of Physics with 26 learning outcomes, Structure and 
Properties of Matter from the discipline of Chemistry with 46 learning outcomes, and Living 
Beings and Energy Relations from the discipline of Biology with 23 learning outcomes. The 
questions were checked by six faculty members who are experts in the fields of Physics, 
Chemistry, and Biology, and the questions were rechecked and revised according to the feedback 
given by the faculty members. Multiple-choice questions in the science learning area were 
solved by students with think-aloud sessions. The think-aloud session is a technique that 
determines the relationship between students' problem-solving performance and other situations 
that are effective in problem-solving (Van Someren, Barnard & Sandberg, 1994, p. 82). The 
observations of the students' think-aloud sessions while solving multiple-choice questions 
enabled to differentiate the strategies they used while solving the questions as cognitive and 
metacognitive strategies.  

b. Think Aloud  Sessions with Open Ended Questions 

In the study, open-ended questions were prepared for each multiple-choice question to determine 
the level of students' subject matter knowledge for multiple-choice questions. Eight open-ended 
questions were prepared for three multiple-choice questions in the field of science. While 
preparing open-ended questions, science textbooks and teacher workbooks were used. The open-
ended questions were checked by four science teachers and academicians who are experts in the 
related fields, and the necessary controls and corrections were made to the questions.  

c. Semi-Structured Interview Form 

Semi-structured interviews were conducted with each student after they completed multiple-
choice questions to explore the cognitive and metacognitive strategies they employed. The 
interview form, after being initially drafted, was reviewed and refined by two researchers with 
expertise in cognitive and metacognitive strategies. Following their feedback and necessary 
adjustments, the interview form was finalized and made ready for use in the study. 

Some of the semi-structured interview questions are as follows. 

* You did it while solving the question (such as putting marks on the options, establishing 
proportions, etc). Why did you do these? 

* What is the benefit of you doing while solving the question (such as marking the options, 
establishing proportions, etc)? 

d. Interview Form for Ease-Difficulty Levels of Multiple Choice Questions 

After the students solved each multiple-choice question, they were given a form regarding their 
perceptions of the ease-difficulty levels of these multiple-choice questions. In this form, students 
marked one of the categories "Very Difficult", "Difficult", "Moderately Difficult", "Easy", or 
"Very Easy" for each multiple-choice question. Thus, the opinions of each student participating 
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in the study on the ease-difficulty levels of each multiple-choice question they solved were 
determined.  

Study Process 

a) At the beginning of the study, the necessary permissions were secured from the relevant 
institutions to proceed with the research. Following this, students were selected for participation 
based on consultations with the administrators and teachers of Science High Schools, Anatolian 
High Schools, and Vocational High Schools where the study was conducted, with voluntary 
participation serving as a key criterion. 

b) Prior to solving multiple-choice questions, students were briefed on the think-aloud technique. 
They then applied this technique while answering multiple-choice science questions. To identify 
the cognitive and metacognitive strategies employed by students during this process, their 
problem-solving sessions were recorded on camera. Throughout the implementation, the 
researcher monitored and adjusted the camera’s direction and focus to ensure accurate 
documentation. 

c) After the students solved each multiple-choice question, they were given a form consisting of 
five categories "Very Easy", "Easy", "Moderately Difficult", "Difficult", "Very Difficult", and 
their opinions on the ease-difficulty levels of each multiple-choice question were taken with 
camera recording. 

d) After solving each multiple-choice question, semi-structured interviews were conducted with 
the students, and the sessions were recorded on camera. These interviews aimed to verify and 
refine the classification of the strategies students employed during the problem-solving process 
into cognitive and metacognitive categories. 

e) Following the semi-structured interviews about the process of solving multiple-choice science 
questions, students were asked to answer open-ended questions related to the units covered by 
the multiple-choice questions. This was done to assess their level of subject matter knowledge 
for each question. The process of solving the open-ended questions was also documented 
through camera recordings. 

f) After the students solved the open-ended questions, the researcher checked whether there were 
any deficiencies in the solutions to the questions. 

g) Observations of students' thinking aloud during the process of solving multiple-choice 
questions and semi-structured interviews after the solution of each question were transcribed 
and analyzed.  

h) To determine the level of students' subject matter knowledge, analytical and holistic rubrics 
were prepared for each open-ended question. Analytical rubrics were used to score the students' 
subject matter knowledge, and holistic rubrics were used to determine the level of subject matter 
knowledge. 

Data Analysis  

Analysis of the Data Obtained from the Solution Process of Multiple Choice Questions 

Firstly, to identify the cognitive and metacognitive strategies used by students while solving 
multiple-choice science questions, the data obtained from the observation records of their 
problem-solving processes and the semi-structured interviews conducted to confirm the 
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distinction between cognitive and metacognitive strategies were transcribed. Then, the 
transcripts were coded using a software program designed for qualitative research analysis. To 
ensure the accuracy and consistency of the coding, a faculty member with expertise in the subject 
reviewed and discussed whether the strategies were correctly classified as cognitive or 
metacognitive. 

After the coding was completed, a data set for the solution processes of one student was also 
coded by the other encoder, the faculty member. As a result of the coding, the consistency 
between the encoders was found to be 87%. The encoders reworked the inconsistent data 
sections. The researcher and the faculty member, who had sufficient knowledge of the subject, 
reworked the inconsistent data sections and reached a consensus.   

In the coding, the opinions of the students about the difficulty levels of the multiple-choice 
science questions and the levels of subject matter knowledge related to each multiple-choice 
question were also categorized. After the Science High School, Anatolian High Schools, and 
Vocational High School students solved the multiple-choice questions, the students were given 
a form consisting of five categories "Very Easy", "Easy", "Moderately Difficult", "Difficult", 
and "Very Difficult" for each of the three multiple-choice questions. The students were asked 
the question "What do you think about the difficulty level of the question?" and they were asked 
to mark the appropriate category on this form. In the analysis, student opinions on the ease-
difficulty levels of the questions were coded by classifying the feedback on the forms. 

Analysis of the Data Obtained from the Solution Process of Open-Ended Questions  

While evaluating the students' answers to the open-ended questions, rubrics were used to 
determine their success status. The holistic rubric, which defines the level of students' subject 
matter knowledge qualitatively with the steps of “unacceptable or incomplete result or solution”, 
“inadequate result or solution”, “acceptable result or solution”, and “very good result or 
solution”, and the analytical rubric, which defines students' subject matter knowledge 
quantitatively, were used  (Luft, 1999).  

The analytical and holistic rubrics were evaluated by six science teachers, including the 
researcher. After the analytical rubric for the open-ended questions was created, the students' 
answers to the open-ended questions according to the analytical rubric were evaluated in the 
following categories: "very good result or solution", "acceptable result or solution", "insufficient 
result or solution", "unacceptable or incomplete result or solution". In the analytical rubric, 0 
points were given to the category "unacceptable or incomplete result or solution", 1 point to the 
category "inadequate result or solution", 2 points to the category "acceptable result or solution", 
and 3 points to the category "very good result or solution". The fit index between the analytical 
scores of the students for solving open-ended questions and the evaluations of the researchers 
and science teachers about these analytical scores was found to be 86%. The researcher and 
teachers worked together on the inconsistent scores until they reached a consensus.  

After the analytical rating criteria for the open-ended questions were determined, the rating 
scores for each open-ended question were summed and divided by the number of open-ended 
questions prepared for each multiple-choice question. If the score obtained is between 2.26 and 
3, it is rated as a "very good result or solution [VG]"; if the score obtained is between 1.6 and 
2.25, it is rated as an "acceptable result or solution [A]"; if the score obtained is between 0.76 
and 1.5, it is rated as "inadequate result or solution [I]"; and if the score obtained is between 0 



DİKEN & YÜRÜK. 1587 

posthumanism.co.uk 

 

 

and 0.75, it is rated as an "unacceptable or incomplete result or solution [U]". By taking these 
four categories of criteria, the level of students' subject matter knowledge was determined.  

Research Results  

This section presents and explains, with the help of tables, how the cognitive and metacognitive 
strategies employed by 9th-grade students from Science High Schools, Anatolian High Schools, 
and Vocational High Schools in solving multiple-choice Physics, Chemistry, and Biology 
questions in the field of Science differ based on the students' level of subject matter knowledge 
required for solving the questions, their ability to answer the questions correctly, and their 
perceptions of the questions' ease or difficulty levels. It is abbreviated as Science High School 
[S], Anatolian High School [A], and Vocational High School [V]. Students studying at Anatolian 
High Schools are abbreviated as Aydın [A], Serkan [S], Meltem [M], Zeynep [Z], and Yavuz 
[Y]. Students studying at Anatolian High Schools are abbreviated as Ebru[E], Onur[A], 
Banu[B], Gonca[G], and Nazlı[N]. Students studying at Vocational High School are abbreviated 
as Hazal [H], Teoman [T], Cemre [C], Kardelen [K], and Faruk [F]. The correct answer is 
abbreviated as [C], the wrong answer [W], and the blank [B]. The ease-difficulty levels of the 
questions are abbreviated as very easy question [VE], easy question [E], moderately difficult 
question [MD], difficult question [D], and very difficult question [VD]. The subject matter 
knowledge levels are abbreviated as “very good result or solution [VG], acceptable result or 
solution [A], inadequate result or solution [I]”, and “unacceptable-incomplete result or solution 
[U]”. 

The multiple-choice Science question from the Physics discipline is as follows 

 

The forces in the figure act on the X, Y and Z objects 
that move in the frictionless environment. 

According to this, which of these objects continue their 
constant speed movement?  

 

A) Only Y                            B) X and Y 

C) X and Z                           D) Y and Z 

 

 

The findings on how the cognitive strategies used by Science High School, Anatolian High 
Schools, and Vocational High School students while solving the Physics question vary according 
to their level of subject matter knowledge, whether they answered the question correctly or not, 
and their perceptions of the ease-difficulty level of the question are presented in Table 2.  

 

MULTIPLE-CHOICE PHYSICS QUESTION 

HIGH 
SCHOOLS 

S A V S A V 
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Table 2: Patterns Between the Cognitive Strategies Used for the Physics Question, Subject matter 
knowledge, and the Level of Difficulty of the Question 

STUDENT
S 

A  S  M O E G N C T F H Y  Z  B K 

ANSWERS C C C C C C C C C C C W W W B 

CONTENT 
KNOWLE
DGE 

V
G 

V
G 

V
G 

V
G 

V
G 

V
G 

I U U U U 
V
G 

A 
V
G 

U 

DIFFICUL
TY LEVEL 

M M M E E E M M M M M E M D 
V
D 

COGNITIV
E 
STRATEGI
ES 

               

Envisioning √   √        √    

Reading the 
whole 
question 
starting 
from the 
question 
sentence 

  √ √ √  √    √     

Reflecting 
the problem 
to the 
behaviors 

√ √  √   √     √ √ √  

Taking 
notes 

  √    √     √ √ √  

Expressing 
by one’s 
own words 

√ √              

Reading by 
underlining 
the words 

 √      √  √ √ √    

Reading by 
following 
the words 
with a pen 

√  √ √  √ √  √ √   √ √ 

 

COMPARI
NG 

               

Comparing 
the figures 

          √     

EXAMINI
NG 

               

Examining 
figures 

√ √  √ √ √ √ √ √ √ √ √ √ √  
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As can be seen in Table 2, Aydın (A), Serkan (S), and Meltem (M), who had very good (VG) 
subject matter knowledge, answered the question correctly (C) and rated the question as 
moderately difficult (MD), used a large number and variety of cognitive strategies while solving 
the question. Yavuz (Y), whose level of subject matter knowledge about the question was very 
good (VG) and who rated the question as easy (E), and Zeynep (Z), whose level of subject matter 
knowledge for the question was acceptable (A) and rated the question as moderately difficulty 
(MD), answered the question incorrectly despite using a large number and variety of cognitive 
strategies. 

Onur (O), Ebru (E), and Gonca (G), who were among the Anatolian High School students who 
had very good subject matter knowledge (VG), rated the question as easy (E) and answered the 
question correctly (C), used cognitive strategies while solving the question. Nazlı (N), an 
Anatolian High School student who answered the question correctly (C) even though her level 
of subject matter knowledge was insufficient (I) and rated the question as moderately difficult 
(MD), used a large number and variety of cognitive strategies while solving the question. It was 
determined that Nazlı (N) answered the question correctly using only the information that "an 
object under the influence of balanced forces does not move".  

Banu (B), one of the Anatolian High School students whose level of subject matter knowledge 
was insufficient (I) and who rated the question as difficult (D), answered the question incorrectly 
due to her insufficient level of subject matter knowledge, although she used a large number and 
variety of cognitive strategies while solving the question. 

It was determined that Yavuz (Y), a student of Science High School, and Banu (B), a student of 
Anatolian High School, answered the question incorrectly (W) even though their level of subject 
matter knowledge was very good (VG). Yavuz (Y) and Banu (B) have reached the correct 
information that "the object Y is moving at a constant speed". However, in object X, they 
subtracted the small force (5 N) directed to the left from the large force (10 N) directed to the 
right and found the net force (5 N). It was determined that they chose the wrong option because 
they had the misconception that “object X will move with constant speed towards the right side 
with a net force of 5 Newtons” because the directions of net force (5 N) and velocity (v = 2 m/s) 
are to the right, that is, “if a constant force acts on the object in the direction of motion, the object 
will continue its path with constant speed”. 

Among the Vocational High School students, Cemre (C), Teoman (T), Faruk (F), and Hazal (H), 
whose level of subject matter knowledge was unacceptable (U) and who rated the question as 
moderately difficult (MD), answered the question correctly (C) and used some of the cognitive 
strategies while solving the question. These students stated that they had solved a similar 
question in the past and that they answered the question correctly because they remembered the 
process of solving the problem in the past rather than using their subject matter knowledge. 
Kardelen (K), a Vocational High School student whose level of subject matter knowledge was 
unacceptable (U) and who rated the question as very difficult (VD), did not use any cognitive 
strategy because she gave up as soon as she saw the question, that is, she did not solve the 
question and left it blank.  

The findings on how the metacognitive strategies used by Science High School, Anatolian High 
Schools, and Vocational High School students while solving the Physics question vary according 
to their level of subject matter knowledge, whether they answered the question correctly or not, 
and their perceptions of the ease-difficulty level of the question are presented in Table 3. 
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Table 3: Question Patterns Between the Metacognitive Strategies Used for The Physics Question, 
Subject matter knowledge, and The Level of Difficulty of The Question 

MULTIPLE-CHOICE PHYSICS QUESTION 

HIGH 
SCHOOLS 

S A V S A V 

STUDENTS A  S  M O E G N C T F H Z  Y  B K 

ANSWER 
C C C C C C C C C C 

    
C 

W W W B 

CONTENT 
KNOWLED
GE 

V
G 

V
G 

V
G 

V
G 

V
G 

V
G 

I U U U U 
V
G 

A 
V
G 

U 

DIFFICULT
Y LEVEL 

M
D 

M
D 

M
D 

E E E 
M
D 

M
D 

M
D 

M
D 

M
D 

M
D 

E D 
V
D 

METACOG
NITIVE 
STRATEGI
ES 

               

Re-reading   √  √  √ √  √ √     

Revising 
important 
points  

√ √    √ √     √  √  

 Reflecting 
the problem 
to behaviors  

      √         

 Enhancing 
reading 
speed  

          √     

 Asking 
questions to 
oneself 

 √ √         √  √  

Underlining 
clues 

     √ √ √     √ √  

 Circling 
clues 

 √ √   √ √ √  √  √    

 Turning 
back 

 √ √    √     √    

 MARKING                

 Marking the 
figure  

√ √ √   √     √ √ √ √  

 
EXAMININ
G 

               

 Re-
examining 
the figure 

√ √ √ √  √ √  √ √ √ √ √   



DİKEN & YÜRÜK. 1591 

posthumanism.co.uk 

 

 

As can be seen in Table 3, Aydın (A), Serkan (S), and Meltem (M), who were Science High 
School students with a very good (VG) level of subject matter knowledge, rated the question as 
moderately difficult (MD) and answered the question correctly (C), used a large number and 
variety of metacognitive strategies while solving the question. It was determined that Yavuz (Y), 
whose level of subject matter knowledge was very good (VG) and rated the question as easy (E), 
and Zeynep (Z), whose level of subject matter knowledge was acceptable (A) and rated the 
question as moderately difficult (MD), answered the question incorrectly (W) due to their 
misconceptions although they used a large number and variety of metacognitive strategies while 
solving the question. In short, although the level of their subject matter knowledge was “very 
good (VG)”, students with misconceptions answered the question incorrectly (W) no matter how 
many and various metacognitive strategies they used while solving the Physics question. 

Onur (O), Ebru (E), and Gonca (G), who were among the Anatolian High School students who 
had very good subject matter knowledge (VG), and rated the question as easy (E), used some 
metacognitive strategies while solving the question. Nazlı (N), an Anatolian High School student 
who answered the question correctly even though her level of subject matter knowledge was 
insufficient (I) and rated the question as moderately difficult (MD), used a large number and 
variety of metacognitive strategies while solving the question.  

It was determined that although Banu (B), whose level of subject matter knowledge was 
insufficient (I) and who rated the question as difficult (D), used a large number and variety of 
metacognitive strategies while solving the question, she answered incorrectly because she had 
misconceptions about the question.  

Vocational High School students Cemre (C), Teoman (T), Faruk (F), and Hazal (H) answered 
the question correctly because they had encountered and solved a similar question before and 
remembered the solution method, although their level of subject matter knowledge was 
unacceptable (U) and they rated the question as moderately difficult (MD). In addition, it was 
determined that these students used some metacognitive strategies while solving the question. 
Kardelen (K), a Vocational High School student whose level of subject matter knowledge was 
unacceptable (U) and who rated the question as very difficult (VD), did not use any 
metacognitive strategy because she gave up as soon as she saw the question, that is, she did not 
solve the question and left it blank.   

The multiple-choice Science question from the chemistry discipline is as follows. 

Some models of ions are given on the left.  

 

  

 
ELIMINATI
ON 

               

 Eliminating 
the figure in 
the question 
sentence  

√ √   √           

 Eliminating 
the options  

     √      √  √  
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Some models of ions are given on the left.   

Which of the following is wrong with the compounds that may 

occur with these ions?  

A) The number of element atoms in the formula of the compound to 
be formed between Ca2+ and CO3

2- ions is 5.  

B) The compound formed between Li+ and CO3
2- ions has 3 kinds of 

atoms.  

C) 1 Ca2+ ion and 2 OH- ion form a compound. 

D) The formula of the compound formed with Li+ and CO3
2- ions is 

Li(CO3)2. 

The findings regarding how the cognitive strategies used by Science High School, Anatolian 
High Schools, and Vocational High School students while solving the Chemistry question vary 
according to their level of subject matter knowledge, whether they answered the question 
correctly or not, and their perceptions of the ease-difficulty level of the question are presented 
in Table 4. 
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Envisionin
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√  √  √ √ √         

Reading the 
question 
starting 
from the 
question 
sentence 

   √  √ √ √        

Taking 
notes 

√ √ √ √ √    √       

Expressing 
by one’s 
own words 

  √             
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Table 4: Patterns Between the Cognitive Strategies Used for The Chemistry Question, Subject matter 
knowledge, and The Level of Difficulty of The Question 

As can be seen in Table 4, all of the Science High School students [Aydın (A), Zeynep (Z), 
Serkan (S), Meltem (M), and Yavuz (Y)] had a very good (VG) level of subject matter 
knowledge for the chemistry question, they rated the question as very easy (VE), they answered 
the question correctly (C), and they used a large number and variety of cognitive strategies while 
solving the question.  

Gonca (G), Onur (O), and Ebru (E), Anatolian High School students, who had a very good (VG) 
level of subject matter knowledge and rated the question as moderately difficult (MD), answered 
the question correctly (C) and used a large number and variety of cognitive strategies while 
solving the question. Banu (B), an Anatolian High School student, whose level of subject matter 
knowledge was insufficient (I), rated the question as moderately difficult (MD), and answered 
the question correctly (C), used a large number and variety of cognitive strategies while solving 
the question. Nazlı (N), an Anatolian High School student, whose level of subject matter 
knowledge was insufficient (I), who rated the question as moderately difficult (MD), and who 
answered the question incorrectly (W), used few and varied cognitive strategies while solving 
the question.  

 Vocational High School students Cemre (C) and Teoman (T), whose level of 
subject matter knowledge was Inadequate (I) and who rated the question as difficult (D), and 
Faruk (F), Hazal (H), and Kardelen (K), whose level of subject matter knowledge was 
Unacceptable (U) and who rated the question as very difficult (VD), gave up solving the question 
as soon as they saw it and did not use cognitive strategies.  

The findings on how the metacognitive strategies used by Science High School, Anatolian High 
Schools, and Vocational High School students while solving the Chemistry question vary 
according to their level of subject matter knowledge, whether they answered the question 
correctly or not, and their perceptions of the ease-difficulty level of the question are presented 
in Table 5. 

 

 

Reading by 
underlining 
the words 

 √   √    √       

Reading by 
following 
the words 
with a pen 

√ √ √ √  √ √ √ √ √      

EXAMINI
NG 

               

Examining 
figures 

√ √ √ √ √  √ √ √ √      
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Table 5: Patterns Between the Metacognitive Strategies Used for the Chemistry Question, Subject 
matter knowledge, and the Level of Difficulty of the Question 

As can be seen in Table 5, all of the Science High School students [Aydın (A), Zeynep (Z), 
Serkan (S), Meltem (M), and Yavuz (Y)] had a very good (VG) level of subject matter 
knowledge for the chemistry question, they rated the question as very easy (VE), they answered 
the question correctly (C), and they used a large number and variety of metacognitive strategies 
while solving the question. Gonca (G), and Onur (O), Anatolian High School students, who had 
a very good (VG) level of subject matter knowledge, rated the question as moderately difficult 
(MD) and answered the question correctly (C), used a large number and variety of metacognitive 
strategies while solving the question.  
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Re-reading √  √ √ √  √ √ √ √      

Revising the 
operation 
performed 

√               

Revising 
important 
points 

         √      

Increasing 
reading speed 

   √            

Taking notes √   √ √    √       

Reading by 
following the 
lines with a 
pen 

√   √ √           

Underlining 
clues 

 √       √       

Circling clues  √ √ √ √ √  √ √ √      

MARKIN                

Marking the 
options 

√ √ √ √ √ √ √ √ √ √      

EXAMINATI
ON 

               

Re-examining 
the figure 

       √ √       
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It is noteworthy that although Gonca (G) and Onur's use of cognitive strategies while solving 
the question was high in number and variety (Table 4), their use of metacognitive strategies was 
low in number and variety (Table 5).  

It was determined that Ebru (M), an Anatolian High School student, used more number and 
variety of metacognitive strategies than Gonca (G) and Onur (O). It was determined that Banu 
(B), an Anatolian High School student whose level of subject matter knowledge was acceptable 
(A), rated the question as easy (E), and answered the question correctly (C), used more number 
and variety of metacognitive strategies than Gonca (G), Onur (O), and Ebru (E). Nazlı (N), an 
Anatolian High School student whose level of subject matter knowledge was insufficient (I) and 
who rated the question as moderately difficult (MD), answered the question incorrectly (W) 
because her subject matter knowledge was insufficient to solve the question, although she used 
a large number and variety of metacognitive strategies while solving the question. 

Vocational High School students Cemre (C) and Teoman (T), whose level of subject matter 
knowledge was Inadequate (I) and who rated the question as difficult (D), and Faruk (F), Hazal 
(H), and Kardelen (K), whose level of subject matter knowledge was Unacceptable (U) and who 
rated the question as very difficult (VD), gave up solving the question as soon as they saw it and 
did not use metacognitive strategies.   

The multiple-choice Science question from the biology discipline is as follows. 

 

When Cemil opened the valve after a certain period of 
time setting up the mechanism on the left, he found that 
the match flame had shone. 

When Cemil applies which of the following procedures 
to this mechanism, the brightness of match flame does 
not increase? 

A) Adding carbon dioxide-containing soda to water  

B) Changing the green light source with a purple light 
source  

C) Adding carbon dioxide retention agent to plant environment   

D) Increasing the number of green light sources  

The findings regarding how the cognitive strategies used by Science High School, Anatolian 
High Schools, and Vocational High School students while solving the biology question vary 
according to their level of subject matter knowledge, whether they answered the question 
correctly or not, and their perceptions of the ease-difficulty level of the question are presented 
in Table 6. 

 

 

Table 6: Patterns Between the Cognitive Strategies Used for the Biology Question, Subject matter 
knowledge, and The Level of Difficulty of The Question 

MULTIPLE-CHOICE BIOLOGY QUESTION 



1596 The Patterns Between 9th Grade Students' Level 

Journal of Posthumanism 

 

 

HIGH 
SCHOOL
S 

S A A V V 

STUDEN
TS 

A Z S M Y O G B E N H K C T F 

ANSWER
S 

C C C C C C W W W W W W B B B 

CONTEN
T 
KNOWLE
DGE 

V
G 

V
G 

V
G 

V
G 

V
G 

I 
V
G 

A A I U U I U U 

DIFFICU
LTY 
LEVEL 

M
D 

E 
M
D 

D E 
M
D 

M
D 

M
D 

M
D 

M
D 

D D 
M
D 

V
D 

M
D 

COGNITI
VE 
STRATE
GIES 

               

 
Envisionin
g  
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As can be seen in Table 6, Aydın (A), and Serkan (S), who were Science High School students 
with a very good (VG) level of subject matter knowledge, rated the question as moderately 
difficult (MD) and answered the question correctly (C), employed a large number and variety of 
cognitive strategies while solving the question. Science High School students Zeynep (Z) and 
Yavuz (Y), whose level of subject matter knowledge was very good (VG), who rated the 
question as easy (E) and answered it correctly (C), used a large number and variety of cognitive 
strategies while solving the question. Meltem (M), a Science High School student whose level 
of subject matter knowledge was very good (VG), who rated the question as difficult (D) and 
answered it correctly (C), utilized a higher number and variety of cognitive strategies than other 
Science High School students. 

Onur (O), an Anatolian High School student whose level of subject matter knowledge was 
insufficient (I), who rated the question as moderately difficult (MD) and answered the question 
correctly (C), used some of the cognitive strategies while solving the question. While solving 
the question, Onur (O) read the explanation of “adding carbon dioxide scavenger to the 
environment where the plant is located” in option C and stated that when the carbon dioxide 
scavenger removes carbon dioxide, oxygen remains in the environment. Onur (O) reached the 
correct answer by using the clue "carbon dioxide sequestering substance" in option C. In the 
interview, Onur (O) stated that he solved the question using only the information that carbon 
dioxide is used and oxygen is released in photosynthesis, he did not know the status of 
photosynthesis in violet light and green light in options B and D, and therefore he was not sure 
about the correctness of his answer. Therefore, it was determined that Onur (O) answered the 
question correctly even though his level of subject matter knowledge for the question was 
insufficient (I). 

As can be seen in Table 6, Gonca (G), an Anatolian High School student, who had a very good 
level of subject matter knowledge (VG), rated the question as moderately difficult (MD), and 
answered the question incorrectly (W), used a small number and variety of cognitive strategies 
while solving the question. Gonca (G) marked option D even though she knew that the 
photosynthesis rate is low in green light and high in violet light, photosynthesis decreases when 
a carbon dioxide trap is added to the environment where the plant is located in option C and the 
brightness of the match flame will not increase. While explaining why she chose option D, 
Gonca (G) realized that she had chosen the wrong option. Gonca (G) stated that she did not read 
the sentence in option C carefully. Therefore, Gonca (G) answered the question incorrectly even 
though her level of subject matter knowledge about the biology question was very good (VG). 
Gonca stated that the reason she answered this question incorrectly was that she read the options 
carelessly and very quickly, that she read the options without understanding them, and that she 
therefore marked the wrong option. 

Banu (B), an Anatolian High School student whose level of subject matter knowledge was 
acceptable (A), who rated the question as moderately difficult (MD), and who answered the 
question incorrectly (W), used a small number and variety of cognitive strategies while solving 
the question. In the process of solving the problem, Banu (B) first marked the wrong option B, 
thinking that plants can photosynthesize faster in green light. In the interview after the solution 
of the problem, Banu (B) was asked why she chose option B and it was observed that Banu (B) 

 
Examinin
g figures 

√ √ √ √ √ √  √ √ √ √ √    
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remembered the information that the photosynthesis rate of the plant is high in purple light and 
realized that option B was wrong.  

Banu (B) has selected option C, which is the correct option. Banu (B) stated that she had a 
temporary lack of attention while solving the question and did not think much about the options. 
In addition, since Banu (B) answered the open-ended question "What are the factors affecting 
the rate of photosynthesis?" incompletely, her level of subject matter knowledge related to the 
question was evaluated as acceptable (A). 

Among the Anatolian High School students, Ebru (E), whose level of subject matter knowledge 
was acceptable (A) and who rated the question as moderately difficult (MD), and Nazlı (N), 
whose level of subject matter knowledge was insufficient (I) and who rated the question as 
moderately difficult (MD), answered the question incorrectly (W) and used a small number and 
variety of cognitive strategies while solving the question.  

Vocational High School students Hazal (H) and Kardelen (K), whose level of subject matter 
knowledge was unacceptable (U), who rated the question as difficult (D), and who answered the 
question incorrectly (W), used a small number and variety of cognitive strategies while solving 
the question.  

Among the Vocational High School students, Teoman (T), whose level of subject matter 
knowledge was unacceptable (U) and rated the question as very difficult (VD), Faruk (F), who 
rated the question as moderately difficult (MD), and Cemre (C), whose level of subject matter 
knowledge was inadequate (I) and rated the question as moderately difficult (MD), gave up when 
they saw the question and did not use cognitive strategies because they did not solve the question. 

The findings regarding how the metacognitive strategies used by Science High School, 
Anatolian High Schools, and Vocational High School students while solving the biology 
question vary according to their level of subject matter knowledge, whether they answered the 
question correctly or not, and their perceptions of the ease-difficulty level of the question are 
presented in Table 7. 

 

 

 

 

 

 

 

  

Table 7: Patterns Between the Metacognitive Strategies Used for the Biology Question, Subject matter 
knowledge, and the Difficulty Level of the Question 

As can be seen in Table 7, among Science High School students, Zeynep (Z) and Yavuz (Y), 
who had very good (VG) subject matter knowledge about the multiple-choice 

biology question, rated the question as easy (E) and answered the question correctly (C), and 
Serkan (S), who rated the question as moderately difficult (MD) and answered the question 
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correctly (C), used a large number and variety of metacognitive strategies while solving the 
question. Among the Science High School students, Aydın (A), whose level of subject matter 
knowledge was very good (VG), who rated the question as moderately difficult (MD), who 
answered the question correctly (C), and Meltem (M), who rated the question as difficult (D), 
used a small number and variety of metacognitive strategies while solving the question. 

Onur (O), an Anatolian High School student whose level of subject matter knowledge was 
insufficient (I), who rated the question as moderately difficult (MD), and who answered the 
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question correctly (C), used very few metacognitive strategies while solving the question. It was 
determined that the cognitive strategies used by Onur (O) while solving the question (Table 6) 
were more than the metacognitive strategies he used while solving the question (Table 7) in 
terms of number and variety. From this, it can be inferred that the cognitive strategies used by 
Onur, although his level of subject matter knowledge was insufficient (I), contributed more to 
answering the question correctly than the metacognitive strategies he used. 

As can be seen in Table 7, among the Anatolian High School students, Gonca (G), whose subject 
matter knowledge was very good (VG), rated the question as moderately difficult (MD) and 
answered the question incorrectly (W), Ebru (E), whose subject matter knowledge was 
acceptable (A), and Nazlı (N), whose subject matter knowledge was insufficient (I), answered 
the question incorrectly even though they used metacognitive strategies. However, it was 
determined that Banu (B), whose level of subject matter knowledge was acceptable (A), rated 
the question as moderately difficulty (MD), and answered the question incorrectly (W), used 
more and varied metacognitive strategies. It can be stated that even though these students used 
metacognitive strategies while solving the question, they answered the question incorrectly (W) 
because they did not have sufficient subject matter knowledge to solve the question.   

It was determined that Hazal (H), one of the Vocational High School students whose level of 
subject matter knowledge was unacceptable (U), who rated the question as difficult (D), and 
who answered the question incorrectly (W), used more number and variety of metacognitive 
strategies while solving the question than Kardelen (K). Among the Vocational High School 
students, Teoman (T), whose level of subject matter knowledge was unacceptable (U) and rated 
the question as very difficult (VD), Faruk (F), who rated the question as moderately difficult 
(MD), and Cemre (C), whose level of subject matter knowledge was inadequate (I) and rated the 
question as moderately difficult (MD), gave up when they saw the question and did not use 
cognitive strategies because they did not solve the question. 

Discussion 

According to Friege and Lind (2006), the most significant determinants of problem-solving 
success are students' knowledge of the problem and their subject matter knowledge regarding 
the problem. Lehrer and Littlefield (1993) stated that the strategies used by students in solving 
problems affect their subject matter knowledge regarding the problem. Simon and Simon (1978) 
stated that individuals who are experts in problem-solving have more experience with the 
problem, while individuals who are novices in problem-solving have less experience with the 
problem. Chi, Feltovich and Glaser (1981) stated that individuals who are experts in problem-
solving have more subject matter knowledge regarding problem-solving, but novice individuals 
have insufficient subject matter knowledge in problem-solving. Tuminaro and Redish (2007) 
stated that individuals who are experts in problem-solving organize their subject matter 
knowledge related to the problem better, that is, they apply their existing subject matter 
knowledge more easily, and that these individuals' subject matter knowledge regarding the 
problem is highly interconnected. Reif and Allen (1992) examined the differences between 
novice and expert problem solvers in their use of subject matter knowledge about the problem 
and found that although both groups had a good level of subject matter knowledge about the 
problem, novice problem solvers misapplied their subject matter knowledge while solving the 
problem and solved the problem incorrectly because they could not associate the concepts in the 
problem with each other. According to Pressley and Gaskins (2006), an individual who is 
successful in problem-solving constantly monitors the problem-solving process and is aware of 
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the characteristics of the problem such as the level of compatibility of the problem with the 
subject matter knowledge and the degree of difficulty and complexity of the problem. While 
reading and solving the problem, these individuals monitor at which points they have difficulties, 
which obstacles they encounter, whether their concentration is impaired, and regulate their 
problem-solving behaviors. While a problem may be an original example for a successful 
problem solver, it may not be original for another problem solver with an average or low level 
of success (Gick, 1986). According to some researchers working on problem-solving (Dewey, 
1910; Ray, 1955; Newell & Simon, 1972; Mayer, 1991), the degree of difficulty of a problem is 
not an intrinsic property of the problem but depends on the knowledge and experience of the 
individual solving the problem (Elshout, 1987; Gil-Perez et al., 1990). According to Karacam 
(2009), there is an interaction between students' ability to transfer their subject matter knowledge 
about the questions they solve and the strategies they use while solving the questions. Karacam 
(2009) emphasized that although there are studies on the relationship between strategies and 
individuals' levels of expertise, there is a lack of studies examining the relationship between 
subject matter knowledge and strategy use. This study was conducted to fill this gap in the 
literature. 

Conclusions and Implications 

The remarkable results of the study regarding the multiple-choice physics question are as 
follows. 

Science High School students, who have a very good level of subject matter knowledge, rated 
the question as moderately difficult and answered the physics question correctly, used a large 
number and variety of cognitive and metacognitive strategies while solving the question. Science 
High School students, whose level of subject matter knowledge is very good or acceptable, who 
rated the question as moderately difficult or easy, and who answered the question incorrectly, 
have misconceptions about the question and therefore answered the physics question incorrectly. 

A student from Anatolian High School, whose level of subject matter knowledge was 
insufficient, who rated the question as moderately difficult, and who answered the question 
incorrectly, used a large number and variety of cognitive and metacognitive strategies because 
he continued to solve the question to reach the correct answer without giving up. 

Vocational High School students whose level of subject matter knowledge was unacceptable 
and who rated the question as moderately difficult, answered the question correctly despite their 
low level of subject matter knowledge because they remembered the solution to the question 
from similar questions they had solved in the previous year. It was determined that Vocational 
High School students who answered the question correctly even though their level of subject 
matter knowledge was unacceptable and they rated the question as moderately difficult used a 
large number and variety of cognitive and metacognitive strategies because they tried without 
giving up to solve the question. A student from Vocational High School, whose level of subject 
matter knowledge was unacceptable and rated the question as very difficult, gave up solving the 
question and did not use any of the cognitive and metacognitive strategies while solving the 
question because he gave up. 

The remarkable results of the study regarding the multiple-choice chemistry question are as 
follows. 

Science High School students, who have a very good level of subject matter knowledge, rated 
the question as moderately difficult or very easy, and answered the question correctly, used a 
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large number and variety of cognitive and metacognitive strategies while solving the question. 
Anatolian High School students whose level of subject matter knowledge was acceptable, who 
rated the question as easy, and who answered the question correctly used a large number and 
variety of cognitive and metacognitive strategies while solving the question. 

It was determined that an Anatolian High School student whose level of subject matter 
knowledge was acceptable, who rated the question as easy, and who answered the question 
correctly, used a higher number and variety of metacognitive strategies than other Anatolian 
High School students whose level of subject matter knowledge was very good, who rated the 
question as moderately difficult, and answered the question correctly. From this, it can be 
concluded that the use of a large number and variety of metacognitive strategies is an effective 
tool for a student who has enough subject matter knowledge to solve any multiple-choice 
question and has no misconceptions about reaching the correct answer to the question. 

An Anatolian High School student whose level of subject matter knowledge was insufficient, 
who rated the question as moderately difficult and answered the question correctly, used fewer 
number and variety of metacognitive strategies than Anatolian High School students whose level 
of subject matter knowledge was insufficient, who rated the question as moderately difficult but 
answered the question incorrectly. The reason for this is that the Anatolian High School students 
who answered the question incorrectly did not give up and tried to reach the correct answer of 
the question even if their level of subject matter knowledge was insufficient, and therefore they 
used more number and variety of metacognitive strategies. Since the level of subject matter 
knowledge of the students who used a large number and variety of cognitive and metacognitive 
strategies was insufficient to reach the correct answer, these students answered the question 
incorrectly. In short, if the subject matter knowledge about the question is insufficient to solve 
any multiple-choice question, students will answer the question incorrectly no matter how many 
and variety of cognitive and metacognitive strategies they use. 

All of the Vocational High School students, whose level of subject matter knowledge is 
insufficient and unacceptable, who rated the question as difficult or very difficult, did not use 
cognitive and metacognitive strategies because they gave up solving the chemistry question, and 
left the question blank. 

Science High School students used a higher number and variety of cognitive and metacognitive 
strategies than Anatolian High School students while solving the multiple-choice chemistry 
question.  

The remarkable results of the study regarding the multiple-choice biology question are as 
follows. 

Science High School students who had a very good level of subject matter knowledge for the 
multiple-choice Biology question and rated the question as easy, moderately difficult, or difficult 
used a large number and variety of cognitive and metacognitive strategies while solving the 
question.  

An Anatolian High School student who had insufficient level of subject matter knowledge about 
the question, rated the question as moderately difficult, and answered the question correctly used 
a smaller number and variety of metacognitive strategies than cognitive strategies while solving 
the question. In the interview with this student after the solution of the problem, it was 
determined that the student selected the correct option only because he had information about 
the correct option, and he did not have any information about the other options. In addition, it 
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was determined that the student could only answer the open-ended question about the correct 
option and did not respond to the open-ended questions asked to him about the other options. In 
short, even if the level of subject matter knowledge of the students for a multiple-choice question 
is insufficient, if they have little subject matter knowledge about the question and if they use a 
lot of cognitive strategies while solving the question, they may be likely to reach the correct 
answer. 

Some Anatolian High School students whose level of subject matter knowledge was very good 
or acceptable, who rated the question as moderately difficult, and who answered the question 
incorrectly used a large number and variety of cognitive and metacognitive strategies while 
solving the question. In the interviews with these students, the students stated that they answered 
the question incorrectly, realized the correct answer later, did not read the question carefully and 
comprehensively, and did not examine the options carefully. When solving a multiple-choice 
question, students need to use cognitive and metacognitive strategies carefully, and accurately, 
in accordance with the nature and type of the question to reach the correct answer to the question. 
It can be stated that, if students use the strategies incompletely or incorrectly while solving a 
multiple-choice question, they are more likely to answer the question incorrectly.  

A student from Anatolian High School, whose level of subject matter knowledge was 
insufficient and who rated the question as moderately difficulty, answered the question 
incorrectly because his subject matter knowledge was insufficient, although he used cognitive 
and metacognitive strategies while solving the question. From this, it can be concluded that if 
students have little, very little, or no subject matter knowledge required for solving a multiple-
choice question, they will not be able to reach the correct answer even if they use cognitive and 
metacognitive strategies while solving the question.  

It was determined that some Vocational High School students who rated the question as difficult 
and answered the question incorrectly because their level of subject matter knowledge was 
unacceptable, although they used cognitive and metacognitive strategies. 

Some students from Vocational High School who rated the question as moderately difficult or 
very difficult and whose level of subject matter knowledge was insufficient or unacceptable 
could not solve it when they saw the question and left it blank; that is, they gave up and, 
therefore, did not use any cognitive and metacognitive strategies. 

The results obtained from this study suggest that if students have adequate subject matter 
knowledge, do not have misconceptions, and use cognitive and metacognitive strategies 
appropriate to the types and qualities of the questions, they will definitely be able to answer 
these multiple-choice questions correctly. In addition, it can be stated that students who rated 
multiple-choice physics, chemistry, and biology questions as moderately difficult, difficult, or 
very difficult will be more likely to answer the question correctly when they do not give up and 
try to solve the question.  

The use of cognitive and metacognitive strategies in solving multiple-choice science questions 
is a significant tool to reach the correct answers to the questions, but it is not sufficient alone. It 
will be inevitable for students to reach the correct answer when they reflect on their subject 
subject matter knowledge free from misconceptions, their use of cognitive-metacognitive 
strategies appropriate to the qualities and types of multiple-choice questions, and their 
performances according to the ease and difficulty levels of the questions eclectically and 
holistically in the solution processes of multiple-choice questions.   
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