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Abstract

The purpose of the current study is to investigate the correlation between students’ reading levels
and mathematical problem solving skills. The present study was conducted in line with a qualitative
research method, i.e., the phenomenological method. The study group of the current research is
composed of six third grade students with different reading levels. The data of the study were
collected through the reading of texts, the Ekwall/Shanker oral reading inventory and the problem
solving think-aloud protocol. The collected data were evaluated using a descriptive analysis
method. Once the study had been completed, it was concluded that problem solving skills varied
according to reading level.
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Introduction

One of the primary objectives of education is to create individuals who can read
instructions in their daily lives, make decisions about issues requiring social participation,
read media and are able to overcome potential problems to be encountered in future
(Karatas & Giiven, 2003; Ozsoy & Kuruyer, 2012). In line with this objective, problem
solving and reading comprehension instructions given during the education process
should attach priority to imparting these skills to students and further developing them.
Problem solving refers to the elimination of a problem through the use of required
information and operations in cognitive processes (reasoning) (Altun, 1995). Reading
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comprehension, on the other hand, refers to the construction of meaning by the reader
from context through the use of textual cues (Akyol, 2010; Duffy, 2009). Therefore, like
problem solving, reading comprehension relies on the reader’s recognition and perception
of symbols in written language, grammar, cognitive skills and real life experiences. The
most important requirement for problem solving and reading comprehension is the
transfer of solutions to different situations. Just as problem solving requires more than
performing operations with numbers, using four main operations and symbols, reading
comprehension requires more than word recognition and the accurate vocalization of
words. Problem solving and reading comprehension essentially work together in order to
reach a goal and do so by utilizing different resources for this purpose. In this regard,
reading comprehension skills and problem solving skills are closely interrelated (Fuentes,
1998; Jordan, Hanich & Kaplan, 2003; Vilenius-Tuohimaa, Aunola & Nurmi, 2008).

Solving a problem requires establishing a link between inputs and anticipated
outcomes. Reading assigns meaning to a text by determining a suitable goal and method.
No problem or text is self-expressive (Akyol, 2005). Therefore, an individual’s eagerness,
their interest, setting a goal and use of strategy are of great importance for problem
solving and reading comprehension skills.

Evaluation of students’ problem solving skills and reading comprehension skills is as
important as the teaching of these skills (Karatas, 2002; Pearson & Hamm, 2005). An
individual needs to activate his/her information about the use of problem solving and
reading comprehension skills and effect a transfer of information between these skills. For
the evaluation of whether such a transfer takes place, these two skills must be observed
together, while for the development of problem solving and reading comprehension skills,
they need to be observed and evaluated in the long-run.

Problems, including the comprehension of a text, bring about many difficulties for
elementary school students due to the complexity of problem solving processes. Problems
stated within the context of a story seem to be more complex and difficult for students
than problems not embedded in a text (Mayer, Lewis & Hegarty, 1992; Nathan, Long &
Alibali, 2002). It is reported that when compared to similar problems stated with
numbers, students are 30% less successful in solving problems that include a story
(Carpenter, Corbitt, Kepner, Lindquist & Reys, 1980). Even when they know how to solve
problems that does not include a story, when they are presented with these problems
embedded within a story, solving them can be more challenging, because solving problems
that include a story requires the use of various cognitive processes in an integrated
manner. For children that do not have an adequate knowledge base or have limited
memory capacity, these tasks can be much more challenging (Jitendra, Griffin, Deatline-
Buchman & Sczesniak, 2007).

When solving problems that include a story, students are required to understand the
language of the problem and the concrete information presented in the problem, to
properly conceptualize the problem in his/her mind based on the information given
within the problem, to design and follow a plan and to make the calculations required by
the solution process of the problem (Desoete, Roeyers & De Clercq, 2003). In short, solving
narration problems is closely associated with understanding the relationships involved in
the text and the goal stated in the problem. The results of a set of studies conducted on
narration problems that included addition and subtraction operations revealed that rather
than the syntax of the text, meaning or mathematic structure was viewed to be more
important (Carpenter, Hiebert & Moser, 1983). Similar research findings have shown that
the problems experienced by students regarding narration problems are related to an
accurate comprehension of the text, rather than numbers or operations (Gokkurt & Soyluy,
2013).
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An examination of the literature reveals that two primary courses have been followed by
research dealing with difficulties in narration problems. In one of these, research focuses
on the difficulty level of solutions, based on the characteristics of problems. The
problematic characteristics examined in these studies are the number of words in the text
of the problem, the existence of statements pointing out the operations to be followed in
the solution of the problem, as well as the magnitude of the numbers used in the problem
(Briars & Larkin, 1984). The second course of research primarily focuses on the cognitive
processes required for the solution of the problem (Dellarosa, 1986; Kintsch & Greeno,
1985). In this regard, it is argued that the difficulty of a problem should be explored based
on the interaction between the characteristics of the problem and the cognitive capacity of
the student. Within the context of this interactive approach, four focal points are proposed
for receiving primary focus (Dellarosa, Weimer & Kintsch, 1985):

1. Comprehension of the problem text
a) Comprehension of words
b) Comprehension of the meaning of each sentence
2. Comprehension of the problem statement
a) Activation of the word knowledge related to the problem statement
b) Activation of the knowledge related to mathematical terms and
relationships
c) Use of the information compiled from item (1) above
3. Selection of a solution strategy based on item (2) above
4. Accurate implementation of the selected strategy

Finding the correct solution to a problem does not necessarily mean that the student
has the necessary problem solving skills. Though some students may have found the
correct answers, they may have followed the wrong approach to a solution; other students
might develop the correct solution strategies but nonetheless reach the wrong solution
due to simple calculation errors (Soylu & Soylu, 2006). This also holds true for reading
comprehension. Correct pronunciation of the text and providing the correct answers to
reading comprehension questions does not necessarily mean the possession of the reading
comprehension skill by the student. Some students, though pronouncing text accurately
and giving the correct answers to reading comprehension questions, may do this by
chance and by making guesses without necessarily comprehending the text (Dufy, 2009).
Therefore, while evaluating problem solving and reading comprehension skills, individual
differences should be taken into consideration (Kuzgun & Deryakulu, 2006).

While evaluating problem solving skills, the steps followed by the student to reach a
solution, as well as the critical behaviors expected to be exhibited while following these
steps should be considered altogether, as there is no certain way of solving a problem and
students may develop their own problem solving strategies (Baykul, 2009). In general,
comprehension of the problem, establishment of the mathematical connections between
what is given and what is required, determination of the operations to be conducted for
the solution, conducting the operations and checking of the accuracy of the solution can be
defined as general steps in the solution of a mathematical problem (Erden, 1994; Polya,
1998; Tertemiz & Cakmak, 2003). While following these general steps, students are
expected to demonstrate critical behaviors such as writing what is given and what is
required in the problem, explaining the problem in their own words, summarizing the
problem, drawing a scheme of the problem, determining the operations to be conducted in
the problem, predicting the results of the problem, achieving a solution by using the
mathematical operations and checking the accuracy of the solution (Baykul, 2009; Polya,
1998). For reading comprehension, the critical behaviors expected from the student are
the transferring of prior information into the reading environment, setting a goal for
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reading, making predictions before reading, checking the correctness of the predictions
after the completion of reading, selecting suitable strategies, using enhancement strategies
when difficulties are experienced, making use of context to guess the meaning of unknown
words, summarizing the main idea and monitoring comprehension.

When the behaviors demonstrated during problem solving and reading
comprehension processes are evaluated together, it is observed that reading
comprehension and problem solving skills require the execution of similar processes. For
pursuing the stages of problem solving, reading level is important (Ilgin & Arslan, 2012).
Reading level can be described as loud reading and reading comprehension performance.
Reading levels can be evaluated under three headings: free level, teaching level and
apprehension level (Shanker & Ekwall, 2000). For good readers at the free reading level,
word recognition automatically occurs; they are aware of reading strategies and can use
these strategies effectively during the text comprehension process (Pang, 2008). Readers
who are at teaching level can read and comprehend as required with the support of a
teacher or an adult (Akyol, 2010). Weak readers who are at the apprehension level
experience difficulties in word recognition and in the discrimination between words; their
attention is distracted throughout reading and they feel anxious, lose track when reading,
start reading without making predictions and guesses about the text, do not know what to
do when they do not understand the text and cannot create connections between prior
and new information.

Students’ success in problem solving is affected by cognitive, affective and experience
factors (Haylock & Cockburn, 2014; Van de Walle, Karp & Bay-Williams, 2014). Difficulties
experienced in problem solving are usually related to reading difficulties (Reikeras, 2006).
According to Grauberg (1998), the problems experienced by students that have reading
difficulties while learning mathematics are defined as not recognizing symbols,
experiencing difficulties in organization, not being able to speak about the problem and
memory. In addition, as reading difficulties directly affect learning, they may lead to
problems during the course of teaching the language of mathematics and problem solving
(Dowker, 2005). Moreover, it can be argued that students’ different reading levels can
affect their problem solving performances. The purpose of the current study is to
investigate students’ reading levels and mathematical problem solving skills. This study is
of importance in terms of providing information about the interaction between students’
reading levels and problem solving skills. The current study seeks answers to questions
such as, “Do basic reading and comprehension skills affect problem solving skills as well as
other academic skills?” and “Is there a significant relationship between them?”
Investigating these questions will offer different opinions about the teaching of these
skills.

Method
Research design

The present study was conducted in line with a qualitative research method, i.e., the
phenomenological method. “The phenomenological method focuses on phenomena which
we are aware of but that we do not have a deep and detailed understanding about”
(Yildirim & Simsek, 2008, s. 72).

Study group

The study was conducted with six third grade students. Three of the students were girls
and three were boys. The participants were determined by using the purposeful sampling
method. For determining the study group, the criterion adopted was students having
different reading levels. Third grade students were selected for the current study, as
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educational attainments set in relation to mathematical problem solving skills and reading
comprehension skills at this grade are different from those set for first and second grades,
and are more sophisticated; thus, they were more suitable for the purpose of the current
study. In order to determine the participants of the study, meetings were organized to
inform the teachers and families of 60 third grade students attending an elementary
school, who were randomly selected from elementary schools in the city of Aksaray.
Following these meetings, 24 students whose parents approved their participation in the
study and who were willing to participate in the study, were administered activities for
determining their reading levels. Six students representing different reading levels were
determined and included in the study. The real names of the participants were excluded
for ethical reasons.

Data collection method

The current study intended to determine the relationship between the reading levels and
mathematical problem solving skills of participants. The process of determination was
conducted in two stages. In the first stage, the Ekwall/Shanker reading inventory, a word
recognition list and reading comprehension inventory were employed to determine the
reading levels of participants. In the second stage, the problem solving think-aloud
protocol was used to determine the students’ problem solving skills.

Data collection instruments

For the evaluation of reading level, formal and informal measurement tools can be used.
Formal evaluation can be conducted using standard measurement tools and informal
evaluation can be conducted using non-standard measurement tools such as word
recognition lists and a reading comprehension inventory (Shanker & Ekwall, 2000; Karasu,
Girgin & Uzuner, 2012). As standard measurement tools provide normal values related to
reading level, they not only allow for the comparison of students with their peers, but also
provide insights about the performance of students. However, they have some
disadvantages in terms of collecting detailed information about reading level, because by
using them, it is difficult to determine whether students have an awareness of sounds, how
they vocalize words, which strategies they use to discover meaning and what mistakes
they make while reading; they may also present obstacles for conducting an evaluation of
students’ written and oral performances by means of product files and self-assessment
tools (Uzuner, 2008). In this regard, within the context of the current study, an informal
word recognition list, a reading comprehension inventory and the Ekwall/Shanker
reading inventory were employed for determining students’ reading levels. Information
about the data collection instruments employed in the current study for determining
students’ reading levels is provided below.

Word recognition list. A list of 60 words with different numbers of syllables (ranging from
two to six syllables in length) was developed on the basis of a word list created by Karadag
(2005) for the third grade. The scope of the word recognition list covered activities
requiring the vocalization of the words on the list, the construction of sentences using the
words, thinking about the meanings of the words and the evaluation of the words within a
specific context.

Reading comprehension inventory. The reading comprehension inventory comprised five
reading comprehension questions, two of which required simple comprehension and
three of which required deep comprehension. This inventory was developed by the
researchers taking into account the objectives of the third grade. The reason for the use of
this reading comprehension inventory was to collect detailed information about the
students’ reading levels.
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Ekwall/Shanker reading inventory. In order to determine loud reading errors and loud
reading levels, a guidance table, adapted by Akyol (2005) from Ekwall and Shanker
(1988), was used. This allowed for the rapid evaluation of students’ reading performance
and monitoring of the loud reading process. During administration of the Ekwall/Shanker
reading inventory, students were asked to read the entire text out loud to determine their
loud reading performance. The researchers recorded this loud reading. While the student
continued reading, areas where he/she committed mistakes and where they made
corrections were marked and notes were taken about the student’s reading. Students’
responses to the simple and deep comprehension questions asked within the framework
of the inventory were also recorded.

Reading texts. The texts used during the application process of the study were selected
from third grade reading texts recommended by the Board of Education and Discipline.
The text used within the framework of the Ekwall/Shanker reading inventory for
determining the loud reading levels of students was composed of 170 words. The text
used within the framework of the reading comprehension inventory for determining the
reading comprehension levels of the students consisted of 148 words. As the application of
these texts was conducted among third grade students, the length of the texts selected
needed to be between 100 and 200 words (Akyol, 2005). Both of the texts were narrative
texts. The texts were written using 1.5 line-spacing and a size 14 font.

Problem solving think-aloud protocol. The problem solving think-aloud protocol consisted
of five problems and was developed by the researchers considering the objectives of third
grade and Polya’s problem solving stages. The purpose of using a think-aloud protocol was
to provide detailed information about the approaches students applied during the process
of problem solving.

Instructions are listed below, while details regarding the implementation of the
problem solving think-aloud protocols follow immediately after.

What is given and required in the problem?

Can you briefly explain the problem?

Can he/she use visuals to explain the problem?

What operations will you perform while solving the problem and why?

Can you predict the result of the problem?

Can you tell the result of the problem?

Can you solve the problem in a different way?

If he/she solved the problem incorrectly, were they able to explain the reason
for doing so?

9. Canyou construct a problem similar to this one?

PN AW

Data analysis

Analysis of the data can be evaluated under two headings: a) analysis of the data related to
reading levels; b) analysis of the data related to mathematical problem solving skills.

Analysis of the Data Related to Reading Levels

When evaluating data related to the word recognition list, the following aspects were
taken into consideration: the duration of vocalizing words on the word recognition list,
whether students knew the meanings of words, their performance in terms of constructing
meaningful sentences and any mistakes on their part. When evaluating the data collected
via the reading comprehension inventory, students’ responses to simple and more
complex comprehension questions were analyzed.
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Data collected using the Ekwall/ Shanker reading inventory were evaluated by
considering the mistakes committed by students during their loud reading performances;
this was assessed on the basis of word recognition levels and a percentage determination
guideline adapted by Akyol (2005) from Ekwall and Shanker (1988). In order to detect the
percentage of mistakes committed where words were concerned, the following procedure
was adopted according to the guideline. Mehmet read a 170-word text within the
inventory. While reading the text, he committed eight mistakes. According to the guideline,
eight mistakes committed within a 166-170-word text represent word recognition of 95%.
Responses to the simple and more complex comprehension questions asked within the
inventory were scored as 3, 2, 1 and 0, while responses to simple comprehension
questions were scored as 2, 1 and 0. The highest score to be taken from the
comprehension questions was 13. In order to calculate the comprehension percentage, the
sum of the scores taken was divided by the sum of the scores that were required to be
taken. For example, Mehmet received eight points from the five questions in order to
measure deep comprehension (8/13=0.615); that is, his comprehension percentage was
61%.

According to the Ekwall/Shanker reading inventory, students’ reading levels are at free
level when their word recognition percentage is 99+ and comprehension percentage is
90+; reading levels are at teaching level when word recognition percentage is 95+ and
comprehension percentage is 75+, and at apprehension level when their word recognition
percentage is 90-, with comprehension percentage at 50- (Shanker & Ekwall, 2000). On
the basis of these evaluation criteria, Mehmet's reading level was evaluated to be at
teaching level, as his word recognition percentage was 95 and his comprehension
percentage was 61.

Analysis of the data obtained in relation to mathematical problem solving skills

The collected data were evaluated using a descriptive analysis method. The purpose for
using this method was to present the findings in a summarized and interpreted manner to
the reader. The steps followed during the analysis process are presented below.

- A framework was constructed for the data analysis within the conceptual context
of the study.

- Based on the constructed framework, the data were read and organized.

- Excerpts were included to define the organized data.

- The defined data were explained and associated or compared with the obtained
phenomena.

Within the theoretical framework of the study, the collected data were defined under
headings pertaining to the findings related to reading level and findings related to
mathematical problem solving skills. The findings related to reading comprehension and
reading level was subsumed under the heading of reading level. The skills demonstrated
by students while solving problems and their responses to questions were evaluated
under the heading of problem solving skills. The findings are presented and supported
with direct observations and quotations. In order to demonstrate how the analysis process
was conducted, the think-aloud protocol, conducted with a student named Esra, is
presented as an example.

Researcher: Esra, you have read the problem. What is given and asked for in the problem?

Esra: I need to find [out] how much a [kilogram] of banana(s] is.

Researcher: Which operation will you use [to solve] the problem?

Esra: Addition.
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Researcher: Can you explain why?

Esra: [The question] asks how much [a kilogram] is.
Researcher: Can you guess the result of the problem?
Esra: No.

Researcher: Go on, please.

Esra: Now [ add 10 to 10 [and] the result is 20; now I add 20 to 5 and the result is 25; I add 25 to 2 and the result
is27 and I add 27 to 3 and the result is 30.

Researcher: Are you sure that the result is correct?
Esra: Yes.

Researcher: Now, let’s read the problem and solve it together (with the help of the researcher the problem is
solved again). Is the result that you found different from the result we found together?

Esra: Yes.
Researcher: Can you explain why the results are different?
Esra: Hmmm... (she thinks for a while.) No.
By examining the skills demonstrated by the student named Esra while solving the

problem and the responses given by her within the context of the think-aloud protocol,
how the student solved the problem and skills demonstrated by her are presented below.

A seller buys 10 kg apples, 10 kg oranges and 5 kg bananas for the green grocery every day. One kilo of apples
costs 3 liras and one kilo of oranges costs 2 liras. The seller paid 100 liras in total; thus, how much is one kilo of
bananas?

Student Student’s solution to the The way followed by the student while solving the problem
problem

Esra 10+10=20 She defined what was required as the cost of one kilo of
2045225 bananas. She summarized what was given as kilos and liras. She

said that the operation to be used for the solution of the
25+2=27 problem would be addition. She was sure of the correctness of
the solution. After seeing the correct solution to the problem,

27+3=30 she could not identify where she had made a mistake.

In order to establish reliability and validity in qualitative research, it is necessary to
precisely present all the decision-making stages and strategies utilized during the study
(Yildirim, 2010). Within the current study, the data transferred into the computer
environment and transcribed were evaluated by the researchers and an independent
expert, in light of the literature findings and within the framework of themes in order to
establish the reliability and validity of the study. While reading the data collected from
each interview, all the codes and themes were systematically and repeatedly compared to
the conceptual framework.

Process and setting

All the applications were conducted with students at pre-determined times outside of
school time and in a quite environment. The application setting was organized in such a
way as to facilitate working with each student individually. The students were made to
feel relaxed during the application. The word recognition test, the reading comprehension
inventory and Ekwall/Shanker reading inventory were administered in three sessions.
Each session lasted nearly 25 minutes. The problem solving think-aloud protocol was
implemented in a single session. Each session lasted nearly 40 minutes and was video
recorded.
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Findings

This section presents: (1) findings related to the reading levels of students; (2) findings
related to the problems involved in the think-aloud protocol; (3) findings related to
mathematical problem solving skills. The findings related to the reading levels of the
students are presented in Table 1.

Findings related to reading levels

Table 1. Findings related to the reading levels of the students in the study group

Student Reading Level Detailed information about reading level

Hatice: Free Level She can vocalize the text accurately. She can adjust her reading
speed according to the text; she read the text at the correct speed
and with the correct intonation. She can accurately vocalize the
words involved in the word recognition test.

Leyla: Free Level She can vocalize the text accurately. She can adjust her reading
speed according to the text; she read the text at the correct speed
and with the correct intonation. She can accurately vocalize the
words involved in the word recognition test.

Mehmet: Teaching He reads the text very slowly. He vocalizes the words erroneously;
Level he spends a significant amount of time on word recognition and
discrimination. He erroneously vocalizes the words involved in
the word recognition test. With an increased number of syllables
in words, he experiences more difficulties and spends more time

vocalizing the words.

Esra: Teaching She can vocalize the text accurately. She can adjust her reading
Level speed according to the text. She can accurately vocalize the words
involved in the word recognition test.

Omer: Apprehension He reads the text very slowly. While reading, he makes some
Level additions, skips lines, follows text using her finger and cannot
discriminate the words. He erroneously vocalizes the words
involved in the word recognition test. With an increase in the
number of syllables in words, he experiences more difficulties and
spends more time vocalizing the words.

Mustafa: Apprehension He reads the text very slowly. He skips words and lines, follows
Level text using his finger, spends more time on word recognition and
makes some additions. He erroneously vocalizes the words
involved in the word recognition test. With an increase in the
number of syllables in words, he experiences more difficulties and
spends more time vocalizing the words.
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Findings related to the problems in the think-aloud protocol
Table 2. Findings related to the first problem in the think-aloud protocol

First problem. A seller buys 10 kg apples, 10 kg oranges and 5 kg bananas for the green grocery every
day. One kilo of apples costs 3 liras and one kilo of oranges costs 2 liras. The seller paid 100 liras in
total; thus, how much is one kilo of bananas?

Student Student’s solution to the The student’s approach to solving the problem
problem

Leyla 10+10+5+3+2=30 She expressed what is required as the cost of one kilo of
100-30=70 bananas. She listed the data. After thinking for a while

about a solution, she said that the result was 70. For an
alternative solution, she said that she would subtract 70
from 100. She realized that she was sure of the result.
After seeing the correct answer, she realized the mistakes
she made while solving the problem.

Hatice The problem was solved What is required was determined (how much is a kilo of
with help. bananas?)

Mehmet The problem could not What is required and given was not determined. No
be solved. predictions were made about the mathematical

operations to be conducted.

Esra 10+10=20 She defined what was required as the cost of one Kkilo of
20+5=25 bananas. She summarized what was given as kilos and
25+2=27 liras. She defined the operation to be used for a solution
27+3=30 to the problem as addition. She was sure of the

correctness of her solution. After having seen the correct
solution to the problem, she could not identify where she
had made a mistake.

Mustafa 10+10=20 He was not able determine what was required and given.
He said that he would use addition to solve the problem
and explained the reason for selecting this operation as it
being an easy approach. Though He stated that he could
solve the problem in another way, he did not provide any
information about what this approach might be. When he
saw the correct solution to the problem, he did not make
explain where he had made mistakes.

Omer 10+1=10 He read the problem statement incorrectly. He could not
summarize what was given and required. He could not define
the operation he would use to solve the problem. He could not
determine where he committed a mistake after seeing the
solution to the problem.

When the responses given to the first problem are examined, it can be argued that the
students, with the exception of Esra and Leyla, were unable to determine what was
required. Though Esra and Leyla were able to determine what was required, they could
not find a way to solve the problem and thus, were unable to do so. When the
mathematical operations conducted by the students for the problem are analyzed, it can
be seen that the students preferred to add the numbers given in the problem. Only Leyla
recognized the mistake she made after seeing the correct solution to the problem. Omer
read the problem statement incorrectly. Therefore, it can be argued that he was unable to
develop an approach to solving the problem.
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Table 3. Findings related to the second problem in the think-aloud protocol

Can is nine years old and Ece is seven years old; what is the sum of the ages of Can and Ece six years

later?

Student

Student’s solution to the
problem

The student’s approach to solving the problem

Leyla

9X6=54 (1t solution)
9+6=15 (2nd solution)
7+6=13

15+13=28

She defined what was required as the sum of the ages of
Can and Ece six years later. She defined what was given
as the ages of Can and Ece. First, she stated that she
needed to conduct a multiplication operation to solve the
problem. After finding a result of 54, she recognized that
the result was incorrect; she then changed her approach
to the solution. She was sure of the correctness of her
second solution. She also stated that another solution
may be to add all the numbers together.

Hatice

9+6=15
7+6=13
15+13=28

She answered that first, she would multiply 9 with 6 and
then multiply 7 with 6 to solve the problem. She stated
that the result of the problem could be 36 or 40. She also
stated that after multiplying 9 with 6, she found a result
of 54 and therefore stated that her first prediction was
wrong. She then read the question again and when she
was asked whether she was sure about her result, she
said that she had to conduct an operation of addition
instead of multiplication; she then solved the problem
correctly. She could not produce any other solution.

Mehmet

9+7=16 (15t solution)
15+13=28 (2nd solution)

He defined what was required as the age of Can. He stated
that he could solve the problem by using an operation of
addition.

Esra

9+7=16
365+15=380

She defined what was required as how old Can and Ece
would be six years later. She listed what was given as the
ages of Can and Ece. She stated that the operation to be
used for solving the problem would be addition. After
finding the sum of the ages of Can and Ece, he tried to
calculate how many days there were in six years. She did
so to add 6 years to 16. As she could not do this
operation, she added the sum of the ages of Can and Ece
to the days in one year. She was unsure of the correctness
of the result she found. She recognized where she had
made a mistake after seeing the solution to the problem.

Mustafa

9+7=60
6+6=12
60+12=72

He could not determine what was given and requested.
He correctly expressed how to solve the problem.
However, when he added 9 to 7, he said that the result
would be 16, but he wrote 60 as his result instead; thus,
he could not reach the correct solution. When he checked
his solution, he recognized that he had made a mistake
but could not determine where he had done so.
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Table 3 (Cont.). Findings related to the second problem in the think-aloud protocol

Omer 9+7=16 He could not list what was given and requested. However,
16+13=29 he said that he needed to use the operation of addition to
find a solution to the problem. He could not guess the
result of the problem. In the second stage of the solution
to the problem, as he incorrectly conducted the operation
of 6+6, he found an incorrect result. After seeing the
correct solution to the problem, he could not explain why
he had solved the problem incorrectly. When he was
asked whether he could solve the problem in another
way, he stated that he could use a subtraction operation.

When the responses to the second problem are examined, it can be seen that Omer
completed the first stage of the problem correctly. He tried to carry out the second stage of
the problem, that is, the operation of 6+6, in his mind. As he calculated the result of this
operation incorrectly, he was unable to find the correct solution. Mustafa committed a
calculation error in the solution of the problem; therefore, though his approach to a
solution was correct, he found the wrong result. Mustafa and Omer were unable to solve
the problem correctly. Though they were shown the correct solution, they could not
determine where they had made mistakes. Mehmet first added together the ages of Can
and Ece and then changed his mind; he then reached the conclusion that he needed to add
the ages of Can and Ece six years later. Esra experienced a problem related to the concept
of a year in the solution of this problem; he argued that since one year was 365 days, he
needed to add 365 days to nine years, which prevented him from finding the correct
result. Hatice and Leyla solved the problem correctly.

Table 4. Findings related to the third problem in the think-aloud protocol

Third Problem. Cem has 210 liras. How much does he need to add to have 500 liras?

Student Student’s solution to the The student’s approach to solving the problem.
problem
Leyla 500-210=290 She defined what was requested as what was needed to

make Cem’s money 500 liras. She said that she needed to
conduct a subtraction operation to solve the problem. She
did not propose another solution. She said she was sure of
the correctness of her solution.

Hatice 500-210=290 She defined what was required as, “I need to [establish] how
much [money] Cem needs. I can count from 210 to 500.”
When she was asked to solve the problem using another
approach, she said that she could subtract 210 from 500.

Mehmet 100+200=300 He read 500 as 50 100 liras. He experienced difficulties
reading the problem statement. He could not list what was
given and requested. He said that he would not be able to
solve the problem.

Esra 500-210=390 (First  She defined the problem as how much money was needed to

solution) make the amount given 500 liras. She said that she would

subtract 210 from 500 liras to solve the problem. She

recognized her mistake and corrected it. She was not sure of

solution) the correctness of her result. She said that she could not
solve the problem in any other way.

500-210=290(Second
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Table 4 (Cont.). Findings related to the third problem in the think-aloud protocol

Mustafa

Problem could not be solved

While reading the problem, he read the number 210 as 21
01. He said that he needed to conduct an addition operation
to solve the problem. He could not make any guesses about
the result. He expressed what was requested as the sum of
Cem’s money.

Omer

Problem could not be solved

He said that he needed to conduct an operation of addition
to solve the problem. He could not make any guesses about
the result.

When the responses given to the third problem are examined, it can be seen that it was
correctly solved by Esra, Hatice and Leyla. Esra recognized the mistake she committed in
finding a solution to the problem and corrected it. As Mustafa, Omer and Mehmet read the
numbers given in the problem statement incorrectly, they were unable to present correct
solutions. Leyla was sure that she had solved the problem correctly.

Table 5. Findings related to the fourth problem in the think-aloud protocol

Fourth problem. The sum of two different numbers is 350. One of these numbers is 234; what is the second

number?

Student Student’s solution to the The student’s approach to solving the problem

problem

Leyla 350-234=116 She defined the problem as the determination of the second
number. She said that she must conduct an operation of
subtraction to solve the problem. She also stated that she was
sure of the correctness of her solution.

Hatice 234+A=350 She did not make use of prediction strategies. She showed the

A=116 known number with a box and tried to calculate the unknown
- number in her mind. She was sure of the correctness of her
solution.

Mehmet 350+234=596 He experienced problems reading the problem. He defined
what was required as the sum of two different numbers. Thus,
he expressed that he had to conduct an operation of addition.
After he had explained the problem and saw the correct
solution, he recognized where he had made a mistake.

Esra 350-234=116 She defined what was required as the determination of the
second number. She expressed the solution as the subtraction
of 234 from 350. She was sure of the correctness of her
solution and did not produce any other solution.

Mustafa The problem could not be He read the word Farkl as ‘fatih’. He expressed the number

solved 234 as 400 3 2. He said that all the numbers should be added
together.

Omer The problem could not be While reading the problem statement, he read the number

solved

350 as 175. After rereading the problem statement, he said
that an addition or subtraction operation should be conducted
to solve the problem. When he was asked which operation
should be selected for this problem, he was unable to provide
an answer.
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When the answers given to the fourth problem are examined, it can be seen that Mehmet,
Mustafa and Omer experienced difficulties in reading the problem statement. While Esra,
Hatice and Leyla solved the problem correctly, Mustafa and Omer were unable to find the
correct answer. For the solution to this problem, Hatice made use of prediction strategies
and visuals. Esra, Hatice and Leyla said that they were sure of the correctness of their

solutions.

Table 6. Findings related to the fifth problem in the think-aloud protocol

Fifth problem. Doga and her four girlfriends collect aluminum boxes. Six months later, they took the aluminum
boxes they collected to a recycling plant and they received 50TL. They shared this money equally among them.
How much did each of them get?

Student

Student’s solution to the

problem

The student’s approach to solving the problem

Leyla

50-4=6 (First solution)
50:5=10 (Second solution)

She defined the problem as how much should be distributed to
Doga and her four friends. She said that an operation of
subtraction should be conducted to solve the problem. After
thinking about the problem for a while, she recognized that the
operation she had conducted was wrong and then stated that
she should conduct an operation of division. She was sure of the
correctness of her solution. She suggested no other solution.

Hatice

50:5=10

She said that she needed to divide 50 by 4, then recognized that
her prediction for a solution was wrong and said that the
number of people was 5. She then found a result by conducting
this division operation. She was sure of the correctness of her
answer. She offered no other solution.

Mehmet

46+56

He experienced difficulties reading the problem. He could not
list what was given and required. He tried to add together the
numbers mentioned in the problem statement. He could not
explain why he solved the problem in the way he did.

Esra

50:5=10

She could not summarize what was given. She said that first she
needed to add 6 to 50 to solve the problem. After thinking for a
while, she explained what was required in the problem and
suggested a solution. First, she distributed the money to the
people by 5 liras. She then concluded that she needed to divide
50 liras among five people. She conducted the division
operation and found the result.

Mustafa

The problem could not be
solved

He could not read the problem statement.

Omer

The problem could not be
solved

He could not read the problem statement correctly. He tried to
add the numbers in the problem statement together in order to
solve the problem.

When the students’ responses given to the fifth problem are examined, it can be seen
that Mehmet, Mustafa and Omer experienced problems in reading the problem statement.
Esra, Hatice and Leyla solved the problem correctly. Leyla initially made a mistake in her
solution before realizing her mistake and correcting it. Only Leyla stated that she was sure
of the correctness of her approach for solving the problem and the consequent result.

When the students’ responses to five problems within the context of the think-aloud
protocol and problem solving skills are examined, it can be argued that only Leyla and
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Hatice capitalized on guessing and self-correction strategies. Esra capitalized on guessing
and self-correction strategies for only one problem. Additionally, Esra, Leyla and Hatice
stated that they were sure of the solutions and results of the problems. For Esra, this held
true for the problems that she could not solve. When the mistakes made by Mehmet,
Mustafa and Omer are examined, it can be seen that their biggest challenge was the
difficulties experienced while reading the problem statements, as well as the mistakes
made in mathematical operations. When the students were asked to construct a similar
problem after seeing the correct solution to the problem, it was observed that all the
students, except for Leyla, were unable to construct a similar problem. In this regard, it
can be maintained that the students thought that the construction of a similar problem
inferred simply changing the numbers of the already given problem. Furthermore, while
Leyla, Esra and Hatice were able to explain why they had made mistakes (once they saw
the mistakes they had committed in the problems that they were unable to solve), Omer,
Mehmet and Mustafa were unable to recognize the mistakes they had committed.

Findings related to Mathematical Problem Solving Skills

The findings related to the students’ reading comprehension levels and problem solving
skills are summarized in Table 7.

Table 7. Findings related to the students’ reading levels and problem solving skills

Student Mathematical problem solving skills
Hatice She was able to determine what was required but not what was given. She could not
Free Level properly explain which operations to use. She could not make predictions about the
(Free Level) solutions to a problem and attempted different approaches to problem-solving. Her
solutions to the problems and results were correct. She was able to recognize her
mistakes when the correct solutions were demonstrated.

Leyla She was able to solve the problem accurately. While solving a problem, she was able to
Free Level proceed in line with the problem solving stages. She was able to think about different
(Free Level) ways of solving the problem. She made use of prediction and self-correction strategies.
She was mostly sure of the correctness of her solution and its result.

Esra She was able to determine what was required but not what was given. She was unable to
Teachine Level properly explain which operations to use. Her solutions to the problems were incorrect.
(Teaching Level) She was able to recognize her mistakes when the correct solutions were demonstrated.
She was mostly sure of the correctness of her solution and its result.

Mehmet He was unable to determine what was given and required in the problem. He was unable

(Teaching Level) to summarize the problem. He solved two problems correctly.

Omer He was unable to determine what was given and required in the problem. He was unable
A hensi to summarize the problem. He did not know which operations to follow in order to find a
£e5£lr)e ension solution. The approaches he followed to solve the problems and his results were false.
Mustafa He was unable to determine what was given and required by the problem. He was unable
A hensi to summarize the problem. He did not know which operations to follow to find a solution.
£e5£lr)e ension The approaches he followed to solve the problems and his results were incorrect.
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When the problem solving skills of the Hatice and Leyla were analyzed, it was observed
that they were able to determine what was given and required and correctly explained the
mathematical operations required for solving the problem. It was observed that in
addition to being able to predict the solution to the problem, they were able to recognize
their mistakes when the correct solution to the problem was demonstrated. These
students were able to think about different ways for solving the problem, checked the
accuracy of the problem they solved and asked similar problems based on the solved
problem. Esra and Mehmet, who were found to be at the teaching level, were able to
determine what was given and required in the problem; however, they were unable to
make predictions about the result of the problem or test the accuracy of the problem they
had solved.

Mustafa and Omer, who were at the apprehension level, were unable to determine what
was given and required by the problem and did not know which mathematical operations
to conduct in order to solve the problem. These students were unable to develop different
approaches for solving the problem. When they were shown the correct way of solving the
problem, they were unable to answer why they had solved the problem incorrectly. In
addition, the students did not mention the difficulties they experienced when reading the
problem statement while evaluating their mistakes in those problems they were unable to
solve. This may have been due to the fact that they were unaware that their reading levels
affected their readings of the problem statement, as well as their problem-solving
approaches.

Discussion, Results and Suggestions

Basic reading skills are imparted to students in elementary school during first grade.
When students proceed through higher classes, acquired skills are developed further and
higher skills are inculcated in students. A similar process is followed in the inculcation of
mathematical skills. Here, it should be noted that the main skill to be imparted to students,
both in mathematics and in all the other academic disciplines, is that of thinking; this can
be realized by means of the language used by the student. People try to understand and
make sense of life and academic skills through language and transfer this information
together with other skills into different contexts and situations. Both language skills and
mathematical problem solving skills thrive in tandem with thinking skills that capitalize
on language. In short, mathematical thinking skills have become more important for
modern people than mathematical operation skills. Furthermore, thinking and language
skills provide the basis for this skill.

The purpose of the present study was to investigate the relationship between reading
level and problem solving skills. When the behaviors demonstrated by the students during
the process of solving problems were examined, it was found that their problem solving
skills varied depending on their reading level. In light of the findings of this study, it can be
argued that, particularly in the case of students whose reading level is at the apprehension
level, difficulties are experienced in terms of reading problem statements. These students
were unable to make use of strategies during their problem solving performances. In
addition, it can be argued that students were distracted while reading and solving the
problem. They were not aware of the mistakes they had made while reading and problem
solving. Moreover, while these students were able to solve problems that had relatively
shorter problem statements, they were unable to construct original problems. The
students whose reading level was at the teaching level were able to vocalize problems
correctly and summarize what was given and required; however, they could not
determine the operations required for solving the problem. During the solution process,
they made errors and did not apply strategies. The students whose reading level was at
the free level were observed to use strategies during reading and problem solving in order
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to recognize their mistakes and correct them, to be sure of their answers and to be able to
try different ways of solving the problem. Furthermore, regardless of reading level,
students at times made errors in some problems. This was because the use of knowledge
about operations and how students perceived them varied according to individual
differences.

Problem solving requires reading, reading comprehension and the use of mathematical
knowledge, as well as the use of mathematical operations (Bender, 2012). Students who
experienced difficulties reading a problem were unable to provide correct answers. In
addition, correct vocalization of the problem may not be enough for finding the correct
solution to a problem, because the mathematical language involved in the problem must
also be understood. There is also a need for students to develop strategies besides
understanding the language of the problem and the mathematical language involved in the
problem. In addition to the development of strategies, how to administer these strategies
to new situations must be mastered. Strengthening teacher-student and student-student
relationships is of great importance for the understanding of problems (Mercer & Sams,
2008). Therefore, reading level and the problem solving skills of students should be
handled together and instructional activities should focus on the concurrent teaching of
these two skills.

References
Akyol, H. (2005). Ttirkge ilk okuma yazma dgretimi (4th Ed.). Ankara: Pegem.
Akyol, H. (2010). Ttirkce ilkokuma yazma égretimi, Ankara: Pegem.

Altun, M. (1995). flkokul 3., 4. ve 5. Swnif 6grencilerinin problem ¢ézme davranislart iizerine bir
calisma. Unpublished Doctoral Dissertation. Hacettepe Universitesi, Ankara.

Baykul, Y. (2009). [lkégretimde matematik 6gretimi. Ankara: Pegem.

Bender, W., N. (2012). Ogrenme giicliigii olan bireyler ve egitimleri. (Tr.Ed.: Hakan Sar1). Ankara:
Nobel.

Briars, D.L., & Larkin, ].H. (1984). An integrated model of skill in solving elementary word problems.
Cognition and Instruction, 1, 245-296.

Carpenter, T. P., Corbitt, M., Kepner, H., Lindquist, M. & Reys, R. (1980). Solving verbal problems:
results and implications from national assessment, Arithmetic Teacher, 28, 8-12.

Carpenter, T. P, Hiebert, ]., & Moser, J. M. (1983). The effect of instruction on children’s solutions of
addition and subtraction word problems. Educational Studies in Mathematics, 14, 55-72.

Dellarosa, D. (1986). A computer simulation of children's arithmetic word-problem solving.
Behavior Research Methods, Instruments, & Computers, 18(2), 147-154.

Dellarosa, D., Weimer, R., & Kintsch, W. (1985). Children's recall of arithmetic word problems (Tech.
Rep. No. 148). Boulder: University of Colorado, Institute of Cognitive Science.

Desoete, A., Roeyers, H., & De Clercq, A. (2003). Can offline metacognition enhance mathematical
problem solving? Journal of Educational Psychology, 95(1), 188-200.

Dowker, A. (2005). Individual Differencess in Arithmetic: Implications for Psychology,
Neuroscience and Education. NewYork: Psychology Press.

Dufty, G., G. (2009). Explaining reading: A resource for teaching concepts, skills, and strategies. (2th.
ed). Newyork: The Guilford Press.

597



International Electronic Journal of Elementary Education Vol.8, Issue 1, 581-600, 2015

Fuentes, P. (1998). Reading comprehension in mathematics. The Clearing House: A Journal of
Educational Strategies. Issues and Ideas, 72(2), 81-88. Retrieved from
http://dx.doi.org/10.1080/00098659809599602.

Erden, M. (1984). ilkokullarin birinci devresine devam eden dgrencilerin dért isleme dayali
problemleri ¢ézerken gosterdikleri davranislar. Unpublished Doctoral Dissertation. Hacettepe
Universitesi, Ankara.

Grauberg, E. (1998). Elementary mathematics and language difficulties. London: Whurr.

Gokkurt, B., & Soylu, Y. (2013). Ogrencilerin problem ¢ézme siirecinde anlam bilgisini kullanma
duzeyleri. Kastamonu Egitim Dergisi, 21(2), 469-488.

Haylock, D., & Cockburn, A. (2014). Kiiciik cocuklar icin matematigi anlama. (Tr. Ed.: Zuhal Yilmaz).
Ankara: Nobel.

Ilgin, H. & Arslan, D. (2012). Tiirk¢ce dersinde metinlerle problem ¢6zme 6gretiminin 6grencilerin
problem ¢6zme becerilerine etkisi. Ahi Evran Universitesi Kirsehir Egitim Fakiiltesi Dergisi, 13(2),
157-176.  Retrieved from  http://kefad.ahievran.edu.tr/archieve  /pdfler/Cilt13Sayi2
/JIKEF_13_2_2012_157-176.pdf

Jitendra, A. K., Griffin, C. C.,, Deatline-Buchman, A., & Sczesniak, E. (2007). Mathematical Word
Problem Solving in Third-Grade Classrooms. The Journal of Educational Research, 100(5), 283-
302, DOI: 10.3200/JOER.100.5.283-302

Jordan, N.C., Hanich, L.B., & Kaplan, D. (2003). A longitudinal study of mathematical competencies in
children with specific mathematics difficulties versus children with comorbid mathematics and
reading difficulties. Child Development, 74, 834-850.

Karadag, O. (2005). Ilkégretim 1. Kademe égrencilerinin kelime hazinesi iizerine bir arastirma.
Unpublished Doctoral Dissertation. Gazi Universitesi, Egitim Bilimleri Enstitiisii, Ankara.

Karatas, 1. (2002). 8. Sinif 6grencilerinin problem ¢ézme siirecinde kullanilan bilgi tiirlerini kullanma
diizeyleri. Unpublished master dissertation. Karadeniz Teknik Universitesi Fen Bilimleri
Enstitiist, Trabzon.

Karatas, I, & Giiven, B. (2003). Problem ¢6zme davramslarinin degerlendirilmesinde kullamlan
yontemler: Klinik miilakatin potansiyeli. [Ikdgretim Online, 2(2), 2-9.

Karasu, P., H., Girgin, 0., & Uzuner, Y. (2012). isitme engelli 68renciler ve isiten 6grencilerin okuma
becerilerinin formel olmayan okuma envanteri ile degerlendirilmesi. Anadolu Journal of
Educational Sciences International, 2(1), 65-88.

Kintsch, W, & Greeno, J. G. (1985). Understanding and solving word arithmetic problems.
Psychological Review, 92, 109-129.

Kuzgun, Y., & Deryakulu, D. (2006). Bireysel farkliliklar ve egitime yansimalari. In Kuzgun, Y., &
Deryakulu, D. (Eds.), Egitimde bireysel farkliliklar. Ankara: Nobel.

Mayer, R. E.,, Lewis, A. B, & Hegarty, M. (1992). Mathematical misunderstandings: Qualitative
reasoning about quantitative problems. In ]. I. D. Campbell (Ed.), The nature and origins of
mathematical skills (pp.137-154). Amsterdam: Elsevier.

Mercer N., & Sams, C. (2006). Teaching children how to use language to solve maths problems,
Language and Education, 20(6), 507-528.

Nathan, M. ], Long, S. D., & Alibali, M. W. (2002). The symbolic precedence view of mathematical
development: A corpus analysis of the rhetorical structure of textbooks. Discourse Processes, 33,
1-21.

Ozsoy, G. & Kuruyer H. G. (2012). Bilmenin illiizyonu: Matematiksel problem c¢cézme ve test
kalibrasyonu. Dumlupinar Universitesi Sosyal Bilimler Dergisi, 32(2), 229-238.

Pang, ]. (2008). Research on good and poor reader characteristics: Inplications for L2reading
research in China. Reading in a Foreign Language. 20(1), 1-18.  Retrieved form
http://nflrc.hawaii.edu/rfl/April2008 /pang/pang.pdf.

598



Evaluation of Students’ Mathematical Problem Solving Skills / Ozsoy, Kuruyer & Cakiroglu

Pearson, D. P, & Hamm, D. N., (2005). Children’s Reading Comprehension and Assessment. (First
Edtion: Ed: Paris, G., S. & Stahl, A.S.) Lawrence Erlbaum Associates, Inc.

Polya, G. (1988). How To Solve It. New Jersey, NJ: Princeton University.

Reikeras, K., L., E. (2006). Performance in solving aritmetic problems: a comparison of children
with different levels of achievement in mathematics and reading. European Journal of Special
Needs Education, 21(2), 233-250. doi: 10.1080/08856250600810633.

Shanker, J. L., & Ekwall, E. E. (2000). Ekwall/Shanker Reading Inventory (4th ed.). Boston, MA: Allyn
& Bacon.

Soyly, Y., & Soylu, C. (2006). Matematik derslerinde basariya giden yolda problem ¢dzmenin rolii.
Dicle Universitesi Ziya Gékalp Egitim Fakiiltesi Dergisi, 7(11), 97-111.

Tertemiz, N, & Cakmak, M. (2003). Problem ¢ézme: Ilkégretim I. kademe matematik dersi
ornekleriyle. Ankara: Glindiiz Egitim ve Yayincilik.

Uzuner, Y. (2008). ilk okuma yazma égretiminde 6l¢gme degerlendirme. In G. Can (Ed.). [lk okuma ve
yazma égretimi (pp. 209-237). Eskisehir: Anadolu Universitesi.

Van de Walle, Karp, S. K, & Bay-Williams, (2014). [lkokul ve ortaokul matematigi: Gelisimsel
yaklasimla 6gretim. (Soner Durmus, Trans. Ed.). Ankara: Nobel.

Vilenius-Tuohimaa, M. P., Aunola, K., & Nurmi, J. E. (2008). The Association Between Mathematical
Word Problems and Reading Comprehension. Educational Psychology, 28(4), 409-426. doi:
10.1080/01443410701708228

Yildinim, K. (2010). Is birlikli Ogrenme yonteminin okumaya iliskin bazi degiskenler tizerindeki etkisi
ve yénteme iliskin égrenci-veli gériisleri. Unpublished Doctoral Dissertation. Gazi Universitesi,
Gazi Egitim Bilimleri Enstitiisii, Ankara.

Yildirim, A., & Simsek, H. (2008). Sosyal bilimlerde nitel arastirma yéntemleri. (7. Ed.). Ankara:
Seckin.

599



International Electronic Journal of Elementary Education Vol.8, Issue 1, 581-600, 2015

www.iejee.com
This page is intentionally left blank

600


http://www.iejee.com/

