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This study was designed to investigate the relationship between the metacognitive
awareness of university students and their solutions to the similar mathematical problem
types. Participants were 97 freshmen from department of mathematics at a state university
in Turkey. Two different scales were used for data collection: “Metacognitive Awareness
Inventory” and “Mathematical Problem Types Test”. The results showed that there was a
significant positive correlation between the students’ metacognitive awareness levels and
their problem solving levels regarding routine and non-routine problems. There was no
significant linear correlation between university students’ metacognitive awareness levels
and their problem solving levels for “sepatration”, “combining”, and “multiplication” in
routine problems. Multiple regression analysis was used to test if the metacognitive
awareness significantly predicted participants’ levels of problem solving. The results of the
regression indicated that metacognitive awareness significantly predicted problem solving
levels and both predictors explained 45% of the total vatiance.
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INTRODUCTION

Problem solving ability in mathematics education is
the point where knowledge, thinking ability and daily life
come together. Due to this fact, problem solving has
been emphasized in mathematics curricula in many
countries since the 1980s. Problems are situations which
arise in real life or in a scientific study and require
selecting a strategy without straying from the core of the
problem and they constitute an important part of an
individual’s mental activities (Biryukov, 2004). With the
introduction of metacognition by Flavell (1979), the
metacognitive parameters which influence the way
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individuals solve problems have been taken into account
since 1980s and many scientists have combined
metacognition and problem-solving and described
metacognition as a key component of problem solving
process (Schoenfeld, 1985). Problem solving must
include both cognitive and metacognitive processess
because a problem-solving individual has to select a
strategy and think of alternative strategies as they come
across difficulties and changing situations. However,
cognitive processes such as the selection of suitable
strategies are not only enough for the solution; a
metacognitive monitoring that regulates these cognitive
activities and monitors the efficiency of applications is
also needed (Goos, Galbraith and Renshaw, 2000).

The problem types are generally classified in terms
of the skill, the way of thinking and the effort they
require for their solutions. According to this
classification, problems are divided into two broad
categories: routine and non-routine problems. Routine
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State of the literature

e Problem solving must include both cognitive and
metacognitive processes.

e Mathematics problems are generally classified as
routine and non-rountine problems.

e Metacognitive awareness is an individual’s
knowledge of his or her own metacognitive
knowledge and metacognitive strategies.

Contribution of this paper to the literature

e It is an acknowledged fact that metacognitive
awareness increases problem solving ability, but is
this generalization valid for all problem types or is
there any problem type which individuals with
high metacognitive awareness are especially good
ate

e In this study, the “Mathematical Problem Types
Scale” which is intended to find individuals’
success about routine and non-rountine math
problems is developed by the researches.

e [s metacognitive awareness a meaningful precursor
of solving mathematical problems types?

problems are mostly known as involving four
operations in the literature as they are solved directly by
using four operations. Their most important
characteristic is that they require skills for four
operations. In order to solve the non-routine problems,
skills for four operations alone is not sufficient. The
solution of these problems requires such skills as
organization  of  data, classification,  spotting
relationships and it also requires doing certain activities
consecutively. Unlike routine problems, these problems
require using the necessary knowledge and skills for
solutions in an unusual way (Oktem, 2009, p.27-28).

The term “metacognition” was introduced by Flavell in
1979. Flavell did research on children’s long-term
memory skills in 1976 and developed the term
“metamemory”’. Metacognition, in its broadest sense,
means an individual’s being aware of their own thinking
processes, planning these processes, arranging their
thoughts about what they have planned and assessing
the results (Ersozlu, 2008). Some research results
revealed that metacognitive awareness could positively
affect individuals’ conceptual understanding (Saribas,
Mugaloglu and Bayram, 2013). Costa (1984) describes
metacognition as the ability to know what one knows
and what one does not know, to be aware of the mental
operations and strategies while solving problems and to
assess and to meditate on our intellectual products.
Metacognitive awareness is an individual’s knowledge of
their own metacognitive knowledge and metacognitive
strategies.  Flavell (1987) defines metacognitive
awareness as thinking about thinking. According to
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Wilson  (1998), metacognitive awareness means
“Metacognition is the knowledge and awareness one bas of their
own thinking processes and strategies and the ability to evaluate
and regulate one’s own thinking processes” (p.14).

It is possible to find a lot of research in the literature
which shows that metacognitive factors affect the
problem solving process and performance. The findings
from these studies show that there is a positive and
meaningful relationship between metacognitive abilities
and problem solving abilities and teaching these abilities
increases problem solving performance (Schoenfeld
1982; Blakey and Spence 1990; Swanson 1990; Kapa
2001; Deseote,; Kramarski, Mevarech and Arami 2002;
Teong 2003; Mohamed and Nai, 2005; Yimer and
Ellerton 2006; Biryukov, 2004). It is an acknowledged
fact that metacognitive awareness increases problem
solving ability, but is this generalization valid for all
problem types or is there any problem type which
individuals with high metacognitive awareness are
especially good at? The answer to this question is not
known. The present study secks an answer to this
question.

Problem of the Study

What is the relation between metacognitive
awareness of university students and their solving
similar types of mathematical problems? In addition,
answers to the following questions were sought;

(1) What is the relationship between university students’

levels  of  metacognitve  awareness and  their  solving

mathematical problem types?

(2) What mathematical problem types did the students with

different levels of metacognitive awareness show similarity in

solving?

(3) Is metacognitive awareness a meaningful precursor of

solving mathematical problem types?

METHOD
Participants

The sample of the research is the 97 first-year
students from the department of mathematics in a state
university. Of the 97 students, 57 were females and 40
were males.

Data Collection Tools

Metacognitive Awareness Inventory (BFE)

The Metacognitive Awareness Inventory, which was
developed by Scraw and Dennison (1994) and translated
into Turkish by Akin, Cetin and Abact (2007), was used

in order to determine the university students’ levels of
metacognitive awareness. This inventory uses a five-
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point Likert scale: from (1) for never to (5) for always.
The inventory consists of two dimensions: the
knowledge of cognition and the arrangement of
cognition. These two dimensions are also divided into
different factors. There are three factors under the
knowledge of cognition dimension: declarative
knowledge, procedural knowledge and situational
knowledge and there are five factors under the
arrangement of cognition dimension: planning,
monitoring, assessment, elimination of erors and
knowledge management (Akin, 2006: 159-160).

Mathematical Problem Types Test (MPT)

The MPT test was one developed by Yildirim (2010)
to see what mathematical problem types the students
can solve. The test consists of 5 multiple-choice items
and 31 items with 8 different factors. It was determined
that difficulty indices of the items in the scale varied
between .22 and .84, discrimination indices between .20
and .84, item total correlations between .21 and .82 and
item standard deviations between .37 and .50. Kr-20
value was calculated to be .93. For assesment of this test
3.0 points have been given for each true answer in the
routine problems and 4.75 points for each true answer
in the non-routine problems.

Data Analyis

The current study is quantitative in nature. Quantitative
data were collected using two questionnaire. First, one is
a Likert scale questionnaire of Metacognitive Awareness
Inventory that ranges from one to five. Second one is a
multiple choices test of Mathematical Problem Types
that ranges from A to E. The quantitative data were
collected with these two tools. The data were coded and
entered into the Statistical Package for the Social
Sciences V19.0 (SPSS) (IBM SPSS, 2010). Descriptive
statistics, Pearson correlation and multiple regression
analysis were used. Pearson Correlation and multiple
regression analyses were conducted to examine the
relationship between first year university students’
metacognitve awareness and their problem solving
levels regarding different type of problems.

RESULTS

The relationship  between  university  students’  levels  of
metacognitve awareness and solying mathematical problem types

The Pearson correlation coefficient was calculated
using the total points from the Metacognitive
Awareness Inventory and the Mathematical Problem
Types test. There was a positive relation between levels

© 2013 iSER, Eurasia J. Math. Sci. Tech. Ed., 9(4), 411-415

of metacognitive awareness and solving mathematical
problem types (r= 0.673, p<.01). Although the relation
was average, it was still very close to high. Thus, it could
be accepted that the relation between levels of
metacognitive awareness and solving mathematical
problem types was at a high level.

What mathematical problem types did the students with
different levels of metacognitive awareness show  similarity at
solving?

Multiple variance analysis was done for each
dependent variable to see if there was a difference
between the groups. Whether there is a meaningful
difference in terms of the students’ levels of solving
mathematical problem types according to their
metacognitive awareness levels was examined. The
differences for each problem type between the students
with low, average and high levels of metacognitive
awareness are as follows: No significant differences
between the students with different levels of
metacognitive awareness was found for “Separation”
[F2-94)= .93, p> .01] , “Combining” [F(2-94)= 2.88,
p< .01], and “Multiplication” [F(2-94)= 4.27, p>.01]
problem types. But there was significant difference for
the following routine problem types: “Comparison”;
[F(2-94)= 6.10, p< .01], “Dividing by grouping” [F(2-
94)= 24.39, p< .01], “Division with remainder” [F(2-
94)= 11.18, p< .01], and “Multistep” [F(2-94)= 10.606,
p< .01]. When the routine problems were examined,
there was a significant difference between the students
with different levels of metacognitive awareness [F(2-
94)= 27.80, p< .01]. As for the non-routine problems,
there was a significant difference between the students
with different levels of metacognitive awareness [F(2-
94)= 27.72, p< .01].

Is metacognitive awareness necessary for the solution of
mathematical problem types?

In order to determine whether metacognitive
awareness is a meaningful precursor of solving
mathematical problem types, simple regression analysis
was done and prior to that a scatter diagram was
examined to determine whether or not the relation
between metacognitive awareness and levels of solving
mathematical problem types was a linear one.

When we look at figure 1, it is seen that there is a
direct relation between metacognitive awareness level
and mathematical problem type solving.

According to the regression results regarding the
prediction of the students’ solving mathematical
problem types from their metacognitive awareness
levels, it can be seen that metacognitive awareness is a
significant precursor of solving mathematical problem

types.

413



8. Yildwim & Z. N. Ersizlii

Table 1. The Regression table regarding the prediction of the university students’ solving of mathematical problem

types from their metacognitive awareness levels

Nonstandardized regression coefficients

Standardized regression coefficients

B sd Beta t P F p
(Constant) -11. 891 8.032 .673 -1.481 142 78.71 .000*
Metacognitive 381 .043 8.872  .000*
Awareness

R=.673, R2=.453, Adj. R2=.447, *p< .01
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Figure 1. Scatter Diagram and Regression Line for metacognitive Awareness and Mathematical Problem Solving

DISCUSSION

According to the findings, there was an average and
positive relationship between the university students’
levels of metacognitive awareness and their levels of
solving mathematical problem types. The fact that there
is a near-high relationship between metacognitive
awareness and solving mathematical problem types
indicates that the level of solving both routine and non-
routine mathematical problems increases as the level of
metacognitive awareness increases. It also shows that
the students’ abilities to know their own thinking
systems and their power to control them have an
influence on the problem solving process and that
metacognitive awareness increases the level of solving
mathematical problems. This finding is consistent with
the findings of eatlier studies on the relation between
metacognitive awareness and mathematical problem
solving (Lucangeli and Cornoldi, 1997; Deseote et. al.
2001; Pugalee, 2001; Goos et. al. 2002; Teong, 2003;
Mohamed and Nai, 2005; Balci, 2007). When we
examine the other finding of this study, we see that they
do so in both routine; and non-routine problem types,
though not in all types of routine problems. The
students with different levels of metacognitive
awareness did not show a significant difference in the

414

routine problem types of separation, combining and
multiplication. These three problem types are the
simplest and require the least amount of
resourcefulness. So, it can be claimed that metacognitive
awareness is not effective with simple problems, but is
effective with problems which require more skills, time,
knowledge and thinking and which challenge students
more. Finally, it can be claimed that the 45% of total
variance regarding solving mathematical problem types
can be explained by the students’ metacognitive
awareness and this is consistent with the findings of
earlier studies on the relationship  between
metacognitive awareness and mathematical problem
solving (Schoenfeld, 1985; Hartman, 1998). For future
researches, since there is a significant relationship
between metacognitive awareness and problem solving,
the teaching of metacognitive skills should be given &
priority in order to increase student success at problem
solving. Using the process needs to be emphasized
rather than being result-oriented in the problem solving
process, so that what is missing from the behaviours of
metacognitive awareness can be revealed or the
particular behaviours which influence the problem
solving process favourably can be determined and
improved.

© 2013 iSER, Eurasia J. Math. Sci. Tech. Ed., 9(4), 411-415
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	INTRODUCTION
	A model can be defined as a system of objects or symbols that represents some aspect of another system and it can be often compared to a ‘bridge’ or regarded as a ‘mediator’ since a model plays a role of making a connection or transition between theor...
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	The diversity of roles possible for models in science has been widely recognized. More straightforward functions are considered such as the representation of entities in descriptions and/or simplifications of complex phenomena (Ingham & Gilbert, 1991;...
	According to a recent study, scientific models have been recognized as a valuable teaching tool that changes alternative conceptions into scientific conceptions, and leads to an active learning attitude among students (Treagust & Harrison 2000). In or...
	Learners' perceptions of scientific models
	Scientific models have long been used and appreciated as useful tools that enhance learning; however, most elementary and junior high school students regard scientific models as concrete replicas of the real thing, with few students regarding scientif...
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	 Conceptions of lunar phases have been a central focus for various studies from different countries and various misconceptions with regard to this has been reported.
	Contribution of this paper to the literature
	 This study empirically examines whether there were differences in the perception of the scientific models according to students’ subject matter knowledge.
	 A survey called SUMS and the lunar phase description test were administered, the data were analyzed quantitatively and qualitatively.
	 The results of the study showed that Korean students appeared in a different pattern in the epistemological perceptions of the scientific models depending on their types of lunar phases conception.
	Literature review about conceptions of lunar phenomena
	Lunar phases are taught in middle school in Korea and   is one of the concepts in Earth Science that students have difficulty understanding. Many studies that examined student understanding in this field reported that misconceptions persist once they ...
	Purpose of the study
	It is necessary to 37Tfind37T 37Tthe linkage between37T 37Tstudents'37T 37Tcontent37T 37Tknowledge37T 37Tand37T understanding37T of37T 37Tscientific model37T, based on which a method of improving teaching and learning 37Tfor37T 37Tthe meaning and role...
	Therefore, this study was performed to examine students' conceptions of the lunar phases and reveal whether there were differences in the perception of scientific models according to their conceptions. Under the purposes of this research, the followin...
	METHODS
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	In the lunar phase description test, all participants of this study were asked to write regarding why the Moon keeps changing its shape in a 1-month cycle. The 37Tresearchers37T c37Tompleted37T 37Tdrawing37T 37Ttest regarding37T 37Tthe37T 37Tchanges37...
	Data analysis
	Korean Students’ Alternative Conceptions of Lunar Phases
	The researcher and two Earth Science teachers analyzed the students' responses as raters. First, all the responses were reviewed to develop a set of analysis criteria. The student conceptions were classified into 5 types based on the criterions of ana...
	Student responses were analyzed based on the analysis criterions to determine the type of conception to be classified into, and the frequency of each of the schools was calculated. In order to increase the inter-rater reliability, three researchers cr...
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	RESULTS AND COMMENTS
	Korean students’ alternative conceptions of lunar phases
	 The phases of the Moon depend on its position in relation to the Sun and Earth. As the Moon makes its way around the Earth, we see the bright parts of the Moon's surface at different angles.
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	INTRODUCTION
	The words, “outsourcing” or “H1B visa quota” or “call centers” and the image associated with these usually include individuals from countries such as China, India, South Korea and to a lesser extent from the Middle East. New industrial countries such...
	Research suggests that several factors affect students’ choice of pursuing a science career such as student interests in and attitudes toward science, social environment , experiences in science classroom, and gender (Aschbacher, Li, & Roth, 2010; Ha...
	In this regard, this study compared students’ perceptions of doing science and scientists reflected in their responses to a modified version of Draw-A-Scientist Test (DAST) across five different countries, i.e., China, India, South Korea, Turkey, and ...
	REVIEW OF LITERATURE
	Background research about the Draw-A-Scientist-Test (DAST)
	Research into children’s perceptions of science and scientists commenced well over 50 years ago. The seminal work by Mead & Metraux (1957) systematically described how students viewed scientists. Thirty five thousand American high school students part...
	Stereotypes are blanket beliefs and expectations about members of certain groups that present an oversimplified opinion or prejudiced attitude.  They go beyond necessary and useful categorizations and generalizations in that they are typically negativ...
	State of the literature
	 Common stereotypic perceptions about scientists are prevalent among students in different countries.
	 Statistical analysis revealed no difference among males and females with regards to scientist stereotypes.
	 Early research suggested females expressed more negative attitudes towards science than males that contributed to the lack of women in science fields.
	Contribution of this paper to the literature
	 This paper provides an extensive literature review on the Draw-A-Scientist-Test and students’ perceptions of scientists and doing science.
	 Data was collected and analyzed from five different countries contributing to the knowledge base where there is a paucity of research set in an international arena.
	 Results indicated having a strong stereotypic image about scientists did not impact the student’s choice to pursue science or a science related career.
	In 1983, Chambers developed the Draw-a- Scientist- Test (DAST) patterned after the Draw-A-Man-Test (Goodenough, 1926; Harris, 1963). The students’ drawings were assessed for seven predetermined indicators of the “standard image” of the scientist from ...
	However, some researchers have raised questions about the use of DAST as a means to understand student perceptions of scientists. Jarvis and Rennie (1995) argued that the use of drawings alone to understand student perception was problematic. They opi...
	To provide a reliable and efficient format for analyzing students' drawings, Finson, Beaver, and Cramond (1995) developed the Draw-A-Scientist Checklist (DAST-C).  The checklist consisting of 15 items was advantageous, lending itself to comparative da...
	Synopsis of international studies using DAST
	While several research studies have been conducted in US regarding children’s perceptions of scientists, there is a paucity of such data in the international arena. Chambers (1983) conducted a study of images of scientists in the People's Republic of ...
	Fung (2002) administered the DAST to 675 Hong Kong Chinese students comparing primary and secondary school student’s images. She reported that students developed more stereotypical images with age and that the scientists drawn were predominantly mascu...
	Buldu (2006) described a study in Turkey when DAST was administered to children ages 5-8 years. None of the 24 boys drew female scientists and 5 of 13 girls drew female scientists. Sjøberg (2002) investigated students’ experiences and interests relati...
	Gardner (1980) suggested that the cultural models students are exposed to significantly impact their mental schema the results of which are exhibited in drawings arising from those schemas. Various cultural factors are responsible for the formation of...
	Students’ Attitudes toward Science & Their Career Choices
	Research shows that students’ attitudes towards science are related to their choice to pursue a science career. According to Hammrich, (1997), individuals with negative perceptions of science or scientists are unlikely to choose science courses or pur...
	In a nationwide study in US, Tai and his colleagues (2006) investigated whether 8th grade students who reported they expected to enter a science-related career by age 30 obtained baccalaureate degrees in science-related fields at higher rates than stu...
	Earlier studies suggested that female students express more negative attitudes toward science than male students (Catsambis, 1995; Willson, 1983). This gender related difference in attitudes was considered to contribute to the lack of women in science...
	Research Context
	The participant countries other than US were selected because they are rapidly developing industrialized countries with an escalation in migration of personnel in STEM areas to US. Further, the ease of data collection by the authors who hail from the ...
	How science is taught in participating countries
	Table 1 summarizes details about science teaching at the schools from which data was collected in the five participating countries. In India, science is taught at all grade levels starting with General Science and Environmental Studies at the elementa...
	In Turkey, in 3rd grade there is no specific science course, however some broader or cross cutting science concepts such as change, interaction, cause-effect relationship, similarities and variation in nature, and interdependence of organisms are brie...
	In South Korea, science is taught 3 times per a week at the 3rd and 7th grade level. Science for both the 3rd and 7th grade is taught as an integrated science (not taught as separate disciplines such as biology, earth science, chemistry, and physics)....
	In China, science is taught as Natural Science at the elementary level from grade 3, but it is not tested on as a requirement to enter middle schools, hence students are able to spend more time in the laboratory performing experiments. At the middle s...
	METHODS
	Participants
	Participants included 1,800 students at the 3rd, 7th and 10th grades in Bombay, India; Seoul, South Korea; Ankara, Turkey; Beijing, China; and Lubbock, Texas, US. Given the impact of socio-economic factors on student perceptions, participant schools w...
	Within the participating schools, one hundred twenty students per grade level 3rd, 7th & 10th) were randomly selected. The procedure for selecting students was uniform in all schools. Teachers provided researchers only the roll numbers of the students...
	Research Design and Data Collection
	A mixed method research design was employed to compare differences and similarities in students’ perceptions of science and scientists among different countries. Major data sources included student responses to survey instrument and interviews. The su...
	Data Analysis
	Students’ Perceptions of Scientists
	The drawings of scientists (Part A) were evaluated using the DAST-C developed by Finson, Beaver, and Cramond (1995). The DAST-C consists of 15 items that represent 15 stereotypic characteristics of scientists that students commonly have. During the an...
	To enhance the accuracy of scoring by DAST-C, the three researchers jointly scored 20 drawings randomly selected from each country and established clear criteria for analysis of each item on the DAST-C. Then they scored separately another 20 drawings...
	Students’ Perceptions of Doing Science
	For Part B, the drawings of a student(s) doing science were grouped into three main categories: (1) those who pictured themselves as passive learners such as reading about science or taking notes at a desk; (2) those who pictured themselves as active ...
	Students’ Career Choices
	Students’ responses to Part C were grouped into three categories: a) scientist (e.g., biologist and chemist); b) science related career (e.g., biotechnologist and computer engineer); and c) non science related career (e.g., singer and soccer player). ...
	Relationships among Students’ Perceptions of Scientists and Doing Science, and Career Choices
	To examine whether student perceptions of scientists were related to their career choices, participants in each country were divided into two groups according to their stated career choices; one wanting to pursue science or science-related career; the...
	In order to assess the relationship between student perceptions of scientists and perceptions of doing science, the mean scores of the stereotype were compared country-wise by three categories based on student perception of doing science; a) drawing t...
	RESULTS
	Part A: Perceptions of Scientists
	Overall Perceptions
	To test the differences in the mean scores of the students’ perceptions of scientists measured by DAST-C by country, by grade, and by gender, ANOVA was conducted. The results indicated that the main effect of country (F=15.679, p-value=.000) and grade...
	Table 4 describes the distribution of the indicators for each country. The stereotypes of scientists most frequently exhibited by students of all grade levels and countries fell into two major categories: a) those related to the physical appearance of...
	Meanwhile, a larger number of students from the US drew their scientists in everyday clothes as opposed to wearing lab coats. In addition, the item 15 (open comments related to dress items, neckties, hair style, smile/frown, etc.) was less depicted by...
	It is also important to note that over 90% of Turkish student depicted scientists as Caucasian, while the students from other countries illustrated other ethnic groups, such as Hispanic, Asian, and African. One possible cause for this result is that ...
	By Grade
	In this study, some grade 3 students drew their scientist examining leaves or looking through the telescope. Interviews revealed that those were topics recently studied by the students in their science lessons. We also found that more grade 3 students...
	By Gender
	Although a statistical analysis revealed that there was no difference between female and male participants in the mean scores of stereotype, female participants predominantly depicted their scientists wearing lab coats and eye glasses, working in the ...
	Part B: Draw a Student Doing Science in School
	In part B of the survey administered, we asked participants to draw a picture of a student doing science in school and explain what the student was doing. The data were grouped into three categories: active, passive, and other. Drawings that represent...
	Table 5 represents the results obtained for these categories and indicates the differences in each one of them across countries and grade levels. More than half of the students from all countries perceived doing science as an active practice. Interest...
	Part C: Future Career Choice
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	This directly speaks to how globalization has the ability to make science transformative in the lives of young people (Lee & Micheal-Roth, 2007).
	Chi-square test was performed to examine gender differences in career choice in each country. As a result, the association between gender and career choice was significant in Korea, Turkey and US at the 0.05 significance level (Table 7). In particular...
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	The results of t-test with the two groups (wanting to pursue science or science-related career; wanting to pursue non-science related career) indicated that there is no statistically significant difference in the stereotype scores of the two groups fo...
	Relationship between Students’ Perceptions of Scientist and Perceptions of Doing Science
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