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1. Introduction

In order to lead a successful life in a society, students should have not only suitable information, but also
different types of skills in a variety of areas that will enable them to succeed in today’s rapidly changing
environments. Problem-solving (PS), with its increasing complexity in different areas of life, is a vital
competency for the 21st century (English & Gainsburg, 2015) and it is mainly supported by mathematical PS.

A survey of the history of mathematics reveals that the underlying idea behind its emergence and
development is the desire to solve daily life problems. Therefore, PS skills could be seen as critical to
humanity’s survival. As no one can predict what problems they will face in the future, modern schools educate
individuals in a way to solve problems on their own (Altun, 2004). This is one of the reasons why PS skills are
noteworthy for students (Lester, 1994).

1.1. Problem and Problem-solving

Different scholars (English & Gainsburg, 2015; Polya, 1957; Schoenfeld, 1985) have similarly characterised a
‘problem’ as a situation that confuses an individual who has to solve (get rid of) it using previously acquired
experiences and knowledge, but the solution path is not directly open (National Council of Teachers of
Mathematics [NCTM], 2000; Schoenfeld, 1985). Due to its significance, researchers and theorists developed
various notions and methods pertaining to the process of PS. As a result, a variety of PS models have been
proposed, including information processing, cognitive science, constructivism, and models describing PS (e.g.
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Anderson, Lee, & Fincham, 2014; Polya, 1957; Schoenfeld, 1985). All of these models involve Polya’s (1957)
four steps, and mathematical PS theories have emphasised the importance of heuristics (Wilson, Fermandez
& Hadaway, 1993). According to Polya (1957), the PS process involves four steps: comprehending the problem,
formulating a plan for the solution, executing the plan, and assessing its effectiveness. Another important step
in this process, problem posing, is revealed and added by Gonzales (1994) who claims that it is one of the most
significant and critical ways to acquire a deeper comprehension of the PS process. In this step, the student
amends the problem just solved to obtain a similar one.

1.2. Mathematical Problem-solving

PS is considered extremely significant for mathematics learning since it is the way of thinking used in both
learning and doing mathematics (NCTM, 2000; Pimta, Tayraukham, & Nuangchalerm, 2009). PS is defined,
and its importance is highlighted in the literature. Lesh and Zawojewski (2007) defined mathematical PS skill
as “the process of interpreting a situation mathematically, which usually involves several iterative cycles of expressing,
testing, and revising mathematical interpretation and of sorting out, integrating, modifying, revising or refining clusters
of mathematical concepts from various topics within and beyond mathematics.” (p. 782). Polya’s theory characterises
mathematical PS as a process that includes dynamic and active engagement (Wilson, Fernandez & Hadaway,
1993). It is the ability to perform a comprehensive thinking process (for example, a mathematical algorithm
and strategy) in line with the knowledge or skills gained for a particular situation by understanding the
mathematical concepts, rules, and principles that are already known. Students' mathematical understanding
develops and deepens in the PS process (Han & Kim, 2020; NCTM, 2000). For example, NCTM stated that "By
learning problem-solving in mathematics, students should acquire ways of thinking, habits of persistence and curiosity,
and confidence in unfamiliar situations.” (NCTM, 2000, p. 52). PS not only improves students’ ability to think but
also helps them to acquire the basic skills that they need to overcome daily life problems and develop higher-
level skills (Karatas, 2008; Pimta, Tayruakham & Nuangchalerm, 2009). Thus, the core focus of the mathematics
curriculum both in Tiirkiye and in numerous other countries (such as the USA, England, Canada, and
Singapore) is on this skill. The Turkish mathematics curriculum for secondary schools emphasises PS skills
and expresses that "One of the main goals of mathematics education is to develop students’ problem-solving skills.”
(Republic of Turkey Ministry of National Education [RTMNE], 2013: I). According to Wilson, Fernandez, and
Hadaway (1993) there are multiple reasons why PS skills are prioritised in mathematics, and it is asserted that
“[it] is so essential to understanding mathematics and appreciating mathematics that it must be an instructional goal.”

(p- 66)

1.3. Measurement and Evaluation of Problem-Solving

With the growing emphasis on PS in mathematics classrooms, there has been an increased significance placed
on both the assessment and teaching of PS skills. Therefore, measuring and evaluating students' skills
throughout the education process is a part of mathematics education (Wilson, Fernandez & Hadaway, 1993).
NCTM (1989) highlighted the significance of the measurement and evaluation of PS skills .

PS is a mental skill and therefore cannot be observed directly. However, to regulate educational activities and
measure and evaluate the resulting products, it is crucial to identify the observable behaviours that make up
the PS process (Erden, 1986). Reviewing the literature reveals that PS behaviours skills are frequently
highlighted as crucial in evaluating PS (e.g. Kilpatrick, 1985; Reys et al., 1998). Reys et al. (1998) stated that
issues related to the indicators that students read the problem carefully, the use of strategies, the frequency of
making mistakes, and asking for help should be given due consideration in the evaluation of PS skills.
According to Schoenfeld (1985), individuals who are experts in PS have a deep knowledge of heuristic
strategies necessary to move forward in unusual situations, evaluate the development of the solutions that
have been tried or can be tried and their usefulness to the possible availableness. S(the) does not subscribe to
the belief that all problems can be tackled in a standardised manner like in typical research and is therefore
open to experimenting with other approaches. Muir, Beswick, and Williamson (2008) investigated the
behaviours of expert, routine, and poor problem solvers more comprehensively than Schoenfeld (1985).
According to Kilpatrick (1985), a student’s success in PS depends on his/her behaviours throughout the PS
process, and it can be enhanced through the development of behaviours crucial to PS. Therefore, a significant
improvement can be achieved in PS when it becomes possible to identify what behaviours students cannot
exhibit in this respect (incomplete behaviours or behaviours that have not yet been developed) and to
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overcome such deficiencies. That is why it is stressed in the literature that it is necessary to evaluate students’
PS skills (NCTM, 2000). Furthermore, an evaluation of the PS process will contribute to teachers’ ability to
guide their classes. When teachers can observe what their students do throughout the PS process, they will be
more likely to see what makes them unsuccessful or what poses a challenge to them and thus arrange those
activities that can help them overcome such deficiencies (Arslan, 2007). However, it is rather complicated and
difficult to evaluate the PS skill. The evaluation of students' PS abilities is contingent upon monitoring the
approach they take to tackle the problem rather than the actual solution (Kyriakides & Gagatsis, 2003; Wilson,
Fernandez, & Hadaway, 1993).

It is well known that effective assessment is essential to the progression of student learning. It is also common
knowledge that standardised assessments using pencil and paper are the most widely used assessment
instruments. However, many scholars argue that tests are not intended to be formative assessment tools and
are based on the literature. Vendlinksi and Stevens (2002, p.3) state that “many performance-based assessments
suffer from validity, pedagogical, logistic, time and cost problems.” Therefore, other forms of evaluation are needed
both in general and in PS as well. Such a fact has led researchers to inaugurate new forms of evaluation,
including teacher-based assessment. Studies in the literature indicate that various variables (such as age, class,
gender, and students' academic success) have an effect on students' mathematical PS success (Bunar, 2011;
Giiven & Cabakcor, 2013; Ozgen, Aydin, Gegici & Bayram, 2017; Ozsoy, 2005). In addition to the necessities of
daily life, PS skills are required to be successful in the whole mathematics courses. Students with high PS skills
are also expected to be successful in general mathematics course (Ozsoy, 2005). In fact, the literature contains
studies that explore the correlation between students' PS skills and their academic and mathematics course
achievements, generally through an achievement test prepared by researchers (e.g. Bunar, 2011; Giiven &
Cabakgor, 2013; Ozsoy, 2005). In these cases, general items were used to assess academic achievement in
mathematics when it was necessary to evaluate students' mathematical PS skills. It is important to distinguish
between mathematical PS skill and mathematical performance measured by tests in mathematics. Han and
Kim (2020, p. 99) expresses that“Whereas test items measuring mathematical performances are relatively more likely
to emphasize students’ mathematical knowledge and skills, mathematical problem solving competence is a concept that
goes beyond simple mathematical knowledge and skills. Therefore, the measurement tool for mathematical problem solving
competence must be different from tests for mathematics knowledge and skills.” However, when viewing PS as a
process, emphasis should be placed on the process of evaluation, and more clearly, evaluations should be
made by considering the experiences of the students instead of evaluating what they are doing as right or
wrong (Karatas, 2008; Wilson, Fernandez, & Hadaway, 1993). Also, the literature indicates that researchers
also take into consideration diverse factors, including gender and academic level, when examining PS abilities.
(e.g. Gallagher et al., 2000; Nurhayanti, Riyadi & Usodo 2020; Zhu, 2007). In addition to these studies, there
are some PS scale development studies and studies using these scales in the literature (e.g. Altun, 2019;
Heppner & Peterson, 1982). However, it is seen that these scales and their evaluations are not related to
mathematics. Various scale studies have been realized, such as the belief scale for mathematical PS
(Kloosterman & Stage, 1992), attitude scale for PS (Canak¢i & Ozdemir, 2011) reflective thinking skills scale
for PS (Kizilkaya & Askar, 2009). However, as these studies are not specifically designed to assess PS skills, it
seems that the development of measurement tools for mathematical PS skills is restricted. Numerous studies
assessing students' mathematical PS abilities have neglected to verify the reliability of their measuring
instruments. Additionally, many of the instruments utilised failed to effectively measure PS skills across all
stages of the process (Han & Kim, 2020). Similarly, D'Zurilla, Maydeu-Olivaresb, and Kant (1998) stated that
performance tests were utilised to measure PS skills in all empirical studies, but the interpretability of the
results was difficult due to the questionable construct validity of the PS performance tests, which are not based
on any particular theory or PS model (D'Zurilla, Maydeu-Olivares, & Kant, 1998). Research on the evaluation
of mathematical PS skills has been conducted either via qualitative research methods or based on small
samples (e.g. Maulyda, Hidayati, Rosyidah, & Nurmawanti, 2019). Most of these studies focused either on the
methods used for measuring and evaluating students” PS skills (Isik & Kar, 2011; Nurkaeti, 2018) or on the
identification of the behaviours students exhibit during the PS process (Erden, 1986; Muir, Beswick &
Williamson, 2008; Peranginangin, & Surya, 2017; Rahmawati & Sulisworo, 2020). A review of the literature
indicates that a portion of the research in mathematical PS has been directed towards determining PS strategies
and individuals' thinking processes (Baraké, El-Rouadi, & Musharrafieh, 2015; Bunar, 2011; Gokkurt, Ornek,
Hayat & Soylu, 2015; Lester, 1994; Schoenfeld, 1985). In these studies, it was revealed that students’ PS skills
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did not meet the expected standards (Bozkurt & Karsligil-Ergin, 2017; Rahmawati & Sulisworo, 2020). Upon
examining these studies, it became apparent that the emergence of this situation is caused by the problems of
students in understanding and associating mathematical concepts, a lack of logical reasoning, strategic
knowledge, and problem posing. If students” PS processes are evaluated in this direction, more qualified
information can be obtained about the students.

The objective of mathematics education in the 21st century has shifted from simply teaching individuals to
apply the rules of mathematics to teaching them how to apply their knowledge to solve problems, transfer
their skills, and develop strategies (Incebacak & Ersoy, 2016). Therefore, there is a consensus among scholars
that the development of PS skills should be a key objective of instruction (Fiilop, 2021; Lester & Cai, 2016).
Education programmes should establish assessment guidelines as well as specify how to evaluate students'
basic knowledge, skills, mathematical thinking, and PS (Zhao, Van den Heuvel-Panhuizen, & Veldhuis, 2018).
Improving the quality of teaching is dependent on the students ability to demonstrate the skills they having
acquired. Therefore, it is crucial to identify and develop students' potential P’S skills. Evaluating students' PS
skills is essential to have information about students' mathematical knowledge and to obtaining information
that has a clue that can guide education programmes (Karatas, 2002). Therefore, determining students' actual
PS skill level is crucial, in other words, how much of PS skill they actually possess. In line with the specified
points, incorporating such problems into the education system will become less challenging over time
(Incebacak & Ersoy, 2016).

1.4. Why using Teacher-based Assessment instead of Skill-based Assessment?

Teacher-based assessment has been employed for many years and in many countries (Gutierrez & Vignoles,
2015). For example, Marcenaro-Gutierrez and Vignoles (2015, pp. 1-2) state that the Spanish educational
system relies heavily on teacher-based assessment in the sense that “teachers form their view of the student’s
achievement based on observation of the pupil in class, their classwork, and teacher records of student performance” and
this assessment is even considerably important in determining a pupil’s transition from elementary to
secondary education. Since test and teacher-based assessments measure different characteristics of the
cognitive or non-cognitive skills of pupils, teacher-based assessment is used instead of skill-based assessment.
As aresult, itis possible that they have different concentrations. For example, teacher-based assessments value
pupils more than test-based assessments while the latter measure way students” performance in a particular
subject in a more accurate way than teacher-based assessments. In sum, both types of assessments have their
advantages and disadvantages. For example, according to certain research, instructors have a tendency to
underestimate or overgrade students' actual level of achievement, maybe due to prejudice towards or against
particular types of students (Hay & Macdonald, 2008; Marcenaro-Gutierrez & Vignoles, 2015). However, other
studies highlighted that a completely ‘fair’ test does not exist and there are biases in various methods of
students’ assessment, implying that test scores could not be seen as (the only) true tool measure of the students’
genuine achievement and should therefore be cautiously referred to (Brennan, 1996; Rothstein 2005; Sackett,
Borneman, & Connelly 2008; Chiu, 2001). This assumption suggests that any disparity between assessments
made by teachers and those made by tests should not be attributed to biases held by teachers. (Marcenaro-
Gutierrez & Vignoles, 2015). We contend with Marcenaro-Gutierrez and Vignoles (2015, p.3) who argue that
“it is important to investigate how non-test-based forms of assessment, such as teacher assessment, produce different
results from test-based measures and how these differences may be related to pupils’ characteristics.” On the other hand,
although some studies found a discrepancy between assessments made by teachers and those made by tests,
others reveal consistency between both types of assessments (for example, Chui, 2016; Hoge & Coladarci, 1989;
Reeves et al. 2001). In a study conducted on the determination of whether children’s academic self-concepts
come from teacher assessment or their own cognitive abilities, Chui (2016) combined eight data sets (teacher
assessment, student cognitive ability test results, student self-concepts, and student backgrounds) relating to
students aged 5, 7, and 11. The teachers are asked to rate students on a 5-point scale from 1 (well above average)
to 5 (well below average). According to structural equation modelling, this study revealed that the
internal/external frame of the reference model in general backed up teacher assessment as a pointer of
achievement more than those with cognitive ability. Similarly, Hoge and Coladarci (1989) also aimed to reveal
the match between teacher-based assessments of learners' achievement levels and objective measurement of
their learning, and this study yielded a result indicating that teacher-based assessment has high level validity.
Zhao, Van den Heuvel-Panhuizen, and Veldhuis (2018) stated that teachers typically employ observational
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assessment methods such as inquiry and observation for formative purposes and that they rely on tool-based
methods. It is imperative to diagnose the cognitive changes occurring in students if they are to succeed in
learning mathematics. Also, teachers state that it is difficult to prepare and incorporate PS activities in the
process of evaluating students' PS skills, to devote enough time to practise, and therefore to measure and test
PS skills (Wilson, Fernandez, & Hadaway, 1993). Therefore, it is seen that students” PS skills are not limited to
PS activities, but instruments like scales are needed to measure this skill by observing students' behaviour for
a long time with various tools in all activities carried out in the mathematics teaching process (Ozpmar, 2012).
In this context, it is significant for mathematics education in general and PS education in particular to carry
out studies on the evaluation of students’ PS skills by keeping students under observation over the long term
on larger samples and with reference to various variables. In addition, there are no studies in the literature in
which teachers evaluate their students” PS skills through scales by observing their behaviours for a long time.
Indeed, Lester (2013) emphasises the importance of making extensive and systematic observations of
classrooms for the PS process. Along with measuring the student's PS skills through this scale, by observing
what (s)he has done during the process, his/her failures or deficiencies can be identified more easily, and
efforts can be made to eliminate these deficiencies. In this way, a significant contribution will be made to
teachers in guiding their lessons, and students will be informed and guided in line with their skills. The main
objective of this study was to investigate the PS skills of lower secondary school students and analyse these
skills based on several variables, including grade, gender, grade-point averages (GPA), and grades in
mathematics (GIM).

2. Methodology
2.1. Research Model

The present study utilises a descriptive survey method, which seeks to depict a past or current situation in its
actuality. The object, individual, or event being investigated is described in its own conditions (Karasar, 2005).
This model is suitable for research (as in this study) that intends to “gather data at a particular point in time with
the intention of describing the nature of existing conditions, or identifying standards against which existing conditions
can be compared, or determining the relationships that exist between specific events” (Cohen, Manion & Morrison,
2000, p. 169).

2.2. Research Sample

The research group for the present study was comprised of 39 volunteer mathematics teachers (23 females and
13 males) who worked at 21 different schools in a big city in Turkey and 1010 students of theirs. There are 4
teachers with 1-5 years of professional experience, 12 with 6-10 years, 11 with 11-15 years, 8 with 16-20 years,
and 4 with more than 20 years of professional experience.

Table 1. Distribution of the Students according to Gender and Grade

Gender—

Grade Level 4 Female (%) Male (%) Total
6 121 (12) 117 (11.6) 238
7 228 (22.6) 191 (18.9) 419
8 187 (18.5) 166 (16.4) 353
Total 536 (53.1) 474 (46.9) 1010

Table 1 presents the distribution of the students according to gender and grade. GIM and GPA scores of the
students were examined in five groups, as seen in Table 2.

Table 2. Students’ GPA and GIM

Level of Achievement GIM GPA
f % f %

1-Very weak (0-44) 119 11.8 31 3.1
2-Weak (45-54) 191 18.9 122 12.1
3-Moderate (55-69) 216 214 225 223
4-Good (70-84) 226 224 331 32.8
5-Very Good (85-100) 258 255 301 29.8
Total 1010 100 1010 100
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2.3. Data Collection Tools and Data Analysis

The 18-item Problem-solving Skill Scale (PSSS) developed by authors (Ozpinar, 2012; Ozpinar & Arslan, 2016)
was used to evaluate the behaviours of students against the problems in the classroom environment by their
teachers. The factor structure of PSSS was analysed by exploratory factor analysis (EFA) and confirmatory
factor analysis (CFA). As a result of EFA, three dimensions emerged. The first dimension obtained as a result
of the analysis is the "Comprehension" consisting of 4 items. Some items in this dimension are "S(he) rephrases
the problem in his/her own words", "S(he) detect missing or surplus information.", "S(he) understands what is needed to
find to solve the problem.” The Cronbanch Alpha internal consistency coefficient for this dimension was 0.642.
According to the results of EFA, the second dimension (Implementation) of the PSSS consists of 6 items related
to researching the problem solution and carrying out the necessary actions, such as “S(he) selects appropriate
strategies to solve the problem.” and “S(he) discusses with their peers the ways leading to the solution.” The Cronbach
Alpha internal consistency coefficient was 0.780. The third dimension of the scale was “Evaluation”, which
includes expressions such as “S(he) makes necessary arrangements by checking what (s)he do during the resolution
process.” and “S(he) makes generalizations for the solution of similar problems." and consists of eight items. The
Cronbach Alpha internal consistency coefficient was determined as 0.812 for this factor. Cronbach Alpha
internal consistency coefficient for the whole scale is 0.875. Finally, a CFA was conducted in order to test the
accuracy of the three-factor structure revealed by the EFA in the study. The chi-square value calculated for the
model-data fit was found to be significant with CFA, which was conducted to examine to what extent the
model of PSSS consisting of three factors complied with the collected data (x2 =321.45, sd =132, p <.01). Some
of the goodness-of-fit indices calculated with the same analysis are as follows: (x2 / df) =2.435, RMSEA =0.064,
RMR =0.030, GFI=0.91, AGFI = 0.88, NFI =0.93, NNFI = 0.95, CFI = 0.96. With the first modification (between
item no 18 and item no 17), the chi-square value calculated for model-data fit with CFA of the model consisting
of three factors was found to be significant (x2 = 303.30, sd = 131, p <.01). Some of the goodness-of-fit indices
in this respect were as follows: (x2 / df) = 2.315, RMSEA = 0.062, RMR = 0.028, GFI = 0.91, AGFI = 0.88, NFI =
0.94, NNFI=0.96, CFI =0.96. With the second modification (between item no 17 and item no 15), the chi-square
value was significant for the model-data fit, which was identified through the CFA (x2=288.56, sd=130, p<.01).
Some of the calculated goodness-of-fit indices were: (x2 / df) =2.219, RMSEA = 0.059, RMR = 0.027, GFI = 0.92,
AGFI=0.89, NFI=0.94, NNFI = 0.96, CFI1 = 0.97.

The Personal Information section, which includes students' gender, grade, GIM, and GPA was added to the
PSSS. In the determination of the academic achievement scores of the mathematics course (grades in
mathematics), the report cards of the students were used. GIMs are obtained from the averages of written
exams, in-class activity scores, and performance assignments.

Teachers responded on four-point scales ranging from 1 (weak) to 4 (very good). The raw scores ranged from
18 to 72. The PS skills of the students can be evaluated on the basis of either their raw scores or the mean of
their raw scores. For instance, a student who gets a score of 56 on the scale has the following mean score:
56/18=3.1 (out of four). This study utilised a method to determine the width of the class interval by dividing
the data range by the selected number of classes (Kan, 2009; Tekin, 1993). Using this approach, the range was
calculated as the difference between the highest and lowest values (i.e 4-1=3), and the class interval is 3/4=0.75.
Subsequently, the study employed these intervals to assess the findings obtained from data analysis: 3.26 to
4.00 ‘very good’, 2.51 to 3.25 ‘sufficient’, 1.76 to 2.50 ‘moderate’ and 1.00 to 1.75 “‘weak’. A student’s score (or
mean score) can be calculated as described above. The greater a person's mean score is, the greater his/her
mathematical PS skill is.

This research utilised both descriptive and inferential statistics. Descriptive statistics include arranging the
data obtained from all units that make up the universe or sample of the research and finding the values to
represent all the data. Frequency distribution, mean, standard deviation, correlation, etc. values are used in
descriptive statistics. Inferential statistics, on the other hand, include the processes of estimating the
characteristics of the universe through the data obtained from the samples assumed to represent the research
universe. T-test, Analysis of Variance (ANOVA) etc. tests are commonly used as examples of the tests used in
inferential statistics operations (Ekiz, 2009). The underlying assumption in multivariate data analysis is that
the dependent variable follows a normal distribution and that the groups of data being analysed exhibit
homogeneity. Therefore, before analysing, skewness and kurtosis values were calculated under the
assumption of normality. As a result of the examination, when the Skewness-Kurtosis values of the variables
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were examined, it was found that the results were between -3 and +3, that is, the data showed a normal
distribution (Tabachnick & Fidell, 2013). The data were also checked for outliers, but none were detected. In
the study, Pearson Product Moments Correlation Coefficients were calculated in order to test the relationships
between variables, and then a multi-directional hierarchical regression analysis was performed to determine
to what extent GIM and GAP predicted PS skills. In accordance with the purpose of the study, the quantitative
data were analysed through SPSS 25.0. They were interpreted on the basis of mean scores, standard deviation
values, Independent Sample T-test, ANOVA, and a multiple comparison test (Post-Hoc) was used. T-test and
ANOVA assumptions were checked. Besides the significance of the difference, the effect sizes were also
examined. 12, also known as effect size, represents the proportion of total variance in the dependent variable
that can be explained by the independent variable or factor. The effect size limit values are interpreted between
.01 (small), .06 (medium), .14 (large). Independent samples T-test were calculated with the Cohen d statistic.
When the Cohen's d values for the effect size are less than 0.2, the effect size is defined as small, when it is 0.5,
it is medium, and when it is greater than 0.8, it is defined as large (Biiyiikoztiirk, 2015; Cohen, 1988). As a
result of the analysis, it was seen that the scores had a normal distribution, and homogeneity of the variance
assumptions were provided. However, in order to explain the multiple linear relationships between
independent variables and assess the appropriateness of the data for analysis, the tolerance and Variance
Inflation Factors (VIF) values were examined (Field, 2013).

2.4. Procedure

The data collection process for this research was planned in detail for the purposes of the research. In practise,
care has been taken to comply with this plan. Figure 1 and Figure 2 present the process followed during this
study.

*Giving information about problems, PS processes, and PS skills to teachers
eIntroducing the Problem-solving Skill Scale (PSSS) to teachers

Initial Stage *Pilot study
*Providing information about the application process
*Observing students' PS behaviours by teachers
Treatment Stage eInformal interviews with teachers during the application process
eTeachers filling out the PSSS for each of their students
eEvaluating the results
Final Stage

Figure 1. Steps Followed during the Study’s Implementation
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4 )
Prior to the study, the secondary school mathematics teachers working in a big city in Turkey were contacted,

and 39 of them volunteered to participate in the study. They were given information about the purpose of the
research, the application process, and the assessment scale. PSSS was examined together with the teachers,

and questions related to the process were answered.
\ J

( )
The study was implemented in both semesters of the academic year. In the first semester, the pilot application
of the study was conducted. Teachers made their observations and practises in line with the items in PSSS,
and they had experience with the process. At the end of this semester, a general evaluation was made of the
applications with them and the grade levels and classes were determined for the next semester. Then, each
teacher presented the number of classes and students s(he) was to evaluate.

. J

(Afterwards, they were provided with copies of the scale at the beginning of the spring term so that they couk?
observe their students throughout the term and fill out the PSSS. Bi-weekly interviews were conducted with
the teachers for the observation and evaluation of teachers. Also, the teachers administering the scale were
always contactable during the data collection process. In this way, an attempt was made to guide them when
necessary and to make sure that they were attentive enough. The researchers were allowed to conduct
informal interviews with the teachers and the former was contactable whenever the latter needed any help,
thich suggested that the scale administration was meticulous. )y

Throughout the process, the teachers took personal notes concerning their students, which they took into
account in addition to the individual photo files for the students while they were filling out the scale. It is
deemed important to describe the evaluation process for the PS skills of students so that the results achieved
can be meaningful. Before the implementation process, teachers created individual PS skill portfolios in
order to require more reliable and dynamic data about students and reveal their skills effectively by
observing the behavior of their students in detail. In these portfolios, besides the demographic characteristics
of each student such as photograph, GPA, GIM; there are documents like students' activities (individual or
group work), mathematical expressions which students used, interview notes, course notes, observation
notes, written and oral tests, open questions, activity reports such as projects and presentations, problem
solutions, exercises in and after class, questionnaire corresponding to each phase and criterion in PSSS. The
teachers carefully and frequently entered the explanations regarding their observations in these files. While
filling out the scale at the end of the semestre, evaluations were made based on student portfolios. )

\_

Figure 2. Process of the Study
2.5. Ethical

The data for the study were collected before 2020. Permission was obtained to use data collection tools applied
within the scope of the research.

3. Findings
3.1. Examination of Problem-solving Skills According to Grade

Table 3 presents the descriptive statistics of students’ PS skills according to the grade variable. ANOVA was
performed in order to explore whether students” PS skills change according to their grades. Table 3 and Table
4 show the results of the analysis.

Table 3 Students’ PSSS Scores according to Grade

Grade Level n X 455
6 238 2.55+0.83
7 419 2.58+0.85
8 353 2.42+0.86
Total 1010 2.52+0.84

The students’ total mean score in PS skills was 2.52 (out of 4) whereas their mean scores by grade were 2.55,
2.58, and 2.42 respectively. This suggested that the students had ‘sufficient’ PS skills. However, when the PSSS
mean scores are examined considering the grade, it is remarkable that while the PS levels of the sixth and
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seventh grades are ‘sufficient’, the eighth grade students are in the ‘moderate’ level. An overview of the
participants” mean scores by their grade indicated significant discrepancies at the .05 level.

Table 4. ANOVA Results of Students’ PSSS Scores according to Their Grades

Mean of

Dimensions Source of Variance Total of Squares F o) Post-hoc
df Squares
Between Groups 4.301 2 2.150
Comprehension Within Groups 749.255 1007 0.744 2890 0.056 Not
Total 753.556 1009
Between Groups 5.326 2 2.663
. 1 3.490 0.031*
Implementation Within Groups 768.273 1007 0.763 7-8
Total 773.599 1009
Between Groups 6.203 2 3.102 76
Evaluation Within Groups 736.152 1007 0.731 4.243 0.015* 8—7’
Total 742.355 1009
Between Groups 5225 2 2.612
Total Score Within Groups 729.022 1007 0.724 3.608 0.027*  7-8
Total 734,.47 1009

*p<0.05

Table 4 suggests that there was no significant difference in students’” PS skills in the dimension of
comprehension [Fe, 1007 = 2.890, p>.05]. However, a significant difference was seen in the dimensions of
implementation [F, 1007) = 3.490, p<.05], evaluation [F(, 1007)= 4.243, p<.05] and total score [F, 1007 = 3.608, p<.05].

Tukey’s HSD test was conducted so as to determine the groups that led to the discrepancies. The test results
indicated that the seventh grade students had higher PS skills when compared to the eighth grade students.
A similar assessment was made for the dimensions of the scale as well (Table 5). For all three dimensions, the
ranking was as follows in descending order: seventh grade students, sixth grade students, and eighth grade
students.

Table 5. The Results of Descriptive Statistics of Students’ PS Skills and PS Dimensions

Dimensions Grade n X 4S8 F P Post-hoc  Effect size
6 238 2.57+0.86
Comprehension 7 419 2.55+0.86 2.890 0.056 Not
8 353 2.42+0.87
6 238 2.48+0.85 3.490 0.031* 0.07
Implementation 7 419 2.51+0.87 ’ ’ 7-8 )
8 353 2.35+0.89
. 6 238 2.58+0.83 7.6, 0.08
Evaluation 7 419 2.66+0.86 4.243 0.015* g7
8 353 2.48+0.87
6 238 2.51+0.86
Total 7 419 2.44+0.87 3.608 0.027* 7-8 0.07
8 353 2.58+0.86

After conducting a post-hoc analysis to test for significant differences in scores among groups, the Tukey
multiple comparison test revealed that, for the implementation dimension, a significant difference existed
between seventh and eighth grade students, with an effect size of .07. In the evaluation dimension, a significant
difference was observed between seventh and sixth grade students, as well as between eighth and seventh
grade students, with an effect size of .08. The mean score for sixth grade students was 2.51 + 0.86, 2.44 + 0.87
for seventh grade, and 2.58 + 0.86 for eighth grade, according to the PSSS. The effect size obtained from the
test was .07, indicating a medium effect size for this difference (Cohen, 1988).

It is seen in Table 5 that the students mostly have deficiencies in the implementation dimension, and they are
partially better in the comprehension and evaluation dimensions. When the table was examined, it could be
said that, according to the dimensions, although the students were sufficient in the comprehension and
evaluation dimensions, they were at a moderate level in the implementation dimension. When the dimensions
were considered, it was found that the lowest PSSS mean score was eighth grade in all three dimensions.
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3.2. Examination of Problem-solving Skills According to Gender

This section of the study focused on the relationship between students” PS skills and gender by using an
independent samples T-test. Table 6 presents the findings on whether the students” PS skills differed
depending on gender.

Table 6. T-test Results for the PSSS Scores according to Gender of Students

Gender n X 185 Df t p Effect size
Female 536 2.60+0.81
1008 3.08 0.002* 0.20
Male 474 2.43+0.89
*p<0.05

The students” mean scores in the PSSS differed significantly depending on gender [taos) = 3.08, p<.05]. The
female students had higher mean scores (2.60+0.81) than the male students (2.43+0.89). The size of the effect
shows that this difference has a small effect. This finding was also confirmed by the relationship between
gender and the dimensions of the scale, which is presented in Table 7.

Table 7. T-test Results of the Comparison of Means of Students’ PSSS Dimension Scores according to Gender

) ) Female (n=536) Male (n=474)
Dimensions X 155 X . s T p Effect size
Comprehension 2.60+0.83 2.42+0.89 3.38 0.001* 0.21
Implementation 2.51+0.84 2.37+0.91 2.57 0.010* 0.16
Evaluation 2.66+0.81 2.49+.0.90 2.23 0.001* 0.20
*p<0.05

The results of the test indicated that the female students got higher mean scores than the male students in all
three dimensions of the PSSS. The mean scores of the female and male students for the comprehension

dimension was X = 2.60, X = 2.42, the implementation dimension was X = 2.51, X = 2.37 and the evaluation

dimension was X =2.66, X =2.49 respectively. The analysis showed that there were significant differences
in PS skills in the comprehension dimension [taos) = 3.38, p<.05], implementation [taos) = 2.57, p<.05] and
evaluation [taos) = 2.23, p<.05] according to gender. As seen in Table 7, there were significant differences
between the two groups in all three dimensions, suggesting gender is a significant factor in PS skill.

3.3. Examination of PSSS Mean Scores,Their Correlation and Regression with GPA and GIM

The correlation between the students’” mean scores in the PSSS and their GPA and GIM was analysed through
the Pearson product-moment correlation coefficient. The findings are presented in Table 8.

Table 8. Correlation Between the Students’ Mean Scores in the PSSS, Their GPA and GIM

GPA GIM PSSS
GPA 1.00
GIM 0.838** 1.00
PSSS 0.798** 0.866** 1.00

** p<0.01

The results indicate a highly significant relationship between students' PS skills and their GPA, with a positive
correlation coefficient of .798 (p<.01). This suggests that as students’ PS skills increase, their GPA increases as
well. A similar positive and highly significant relationship was observed between students' PS skills and their
GIM, with a correlation coefficient of .866 (p<.01). This suggests that as students’ PS skills improve, their GIM
increases. To further explore the relationship between PS skills and academic achievement, a hierarchical
regression analysis was conducted (See Table 9).

Table 9. Regression Analysis Results on Predicting PS Skills

Beta t P VIF AdjR2 F )
Model  Constant 0.705 19.779 0.000
1 GIM 0,548 54.971 0.000 1000 070 3021823 0.000
Constant 0.426 9.117 0.000
E/IOdel GIM 0.419 23.788 0.000 3350  0.767 1663.741 0.000
GPA 0.189 8.787 0.000 3.350
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The GIM variable was taken first in the analysis. This variable explains 75% of the variance in PS, and GIM is
a significant predictor. The second GAP variable was taken into the analysis. When the GIM variable is
controlled, it is seen that the GAP variable contributes 17% to the variance explained previously in the PS skill
variable. Thus, the total variance explained increased to 77%.

4. Discussion and Conclusion

PS generally means the examination and evaluation of problems and arriving at a solution (Heppner &
Petersen, 1982). Due to the growing emphasis on PS in mathematics classrooms (Lester, 2013; Wilson,
Fernandez, & Hadaway, 1993), the need for evaluating progress and instruction in PS has become increasingly
urgent. With this in mind, the present study sought to investigate the PS skills of lower secondary school
students and analyse these skills according to various variables. According to the mean scores of the students
in the PSSS, they were deemed to have achieved a satisfactory level of proficiency in PS. Different from this
result of the study, Bunar (2011) concluded that sixth grade students were not successful in mathematical PS.
Similarly, according to the results of the study by Peranginangina and Surya’s (2017) the majority of seventh
grade students were unable to complete all stages of the PS indicators required to solve the given problem.
Gokkurt et al. (2015) found that the students were not sufficient in the three stages (understanding the
problem, preparing and evaluating the plan for the solution) and problem posing stage. When the dimensions
were considered, it was found that although the students were sufficient in the comprehension and evaluation
dimensions, they were at a moderate level in the implementation dimension. Some studies suggest that PS
skills are learnable. When a suitable learning environment is provided, that is, when students are subjected to
a continuous and systematic PS process, this acquired skill will ensure success in solving other problems.
(Incebacak & Ersoy, 2016; Verschaffel, De Corte, & Lasure, 1999). Other studies in the literature also support
the findings of the present study regarding the dimensions of PSSS (Baraké, El-Rouadi, & Musharrafieh, 2015;
Nurkaeti, 2018; Peranginangina & Surya, 2017). According to Baraké, El-Rouadi, and Musharrafieh (2015)
findings, middle school students struggle with selecting a strategy and persisting with it until they arrive at a
solution. Moreover, the researchers noted that these students tend to overlook the importance of verifying
whether their answers are correct or even make sense. Another study was conducted by Nurkaeti (2018) aimed
to examine the PS obstacles encountered by primary school pupils using the Polya strategy. The results
showed that students faced difficulties, particularly in understanding the problem, determining an effective
PS plan so that the settlement is also wrong or difficult, making connections between mathematical concepts,
and reviewing the accuracy of the answers with questions. Similarly, Incebacak and Ersoy (2016) carried out
a study to discover secondary school students’ PS abilities and PS strategies levels, based on the Polya strategy.
In their study on PS skills, Peranginangina and Surya (2017) revealed that the stage of performing the plan
and verifying the answer was difficult for students. This study also showed that students were able to select
appropriate strategies, but encountered challenges when attempting to implement the chosen strategy. In
summary, the literature made known that students had difficulties in the implementation dimension while
solving problems. As a matter of fact, in this study, the students’ average scores in the dimension of
implementation were found to be lower than the other dimensions. Therefore, it can be said that this result
obtained from the study coincides with the literature. Dissimilarly from this result obtained from the study,
according to Rahmawati, Sulisworo, and Prasetyo’s (2020) study, students demonstrated good performance
in understanding the problem, planning for a solution, and implementing a recommended method for PS
activities. However, they tended to perform poorly in rechecking the suitability of the results.

A significant discrepancy was observed between the students’ PS abilities and their academic grades. In fact,
the seventh grade students got higher mean scores in PS when compared to the eighth grade students, which
might be attributed to the fact that eighth grade students in Turkey prepare for an exam, namely the High
School Entrance Exam, and they are used to attempting to solve problems quickly. iskenderoglu, Akbaba and
Olkun (2004) also stated that the students made the wrong choice of procedures because of the quick solution.
This can be seen as the reason that the eighth grade students are not perorming at the expected level in the
items related to the strategy selection process and solution. Whereas the important thing is that the students
can decide how to solve the problem by understanding the situational meaning of the problem rather than
quickly solving the problem. On the other hand, this finding is consistent with the results of Celik and Tagkin
(2015) from seventh grade students showed the best performance in PS when grade was considered. However,
the finding is contradicted by Isik and Kar (2011), and Bozkurt and Karsligil-Ergin (2018). Isik and Kar (2011)

553



International Journal of Psychology and Educational Studies 2023, 10(2), 543-560

reported that students experience an improvement in their perceptions of numbers and in solving non-routine
problems in mathematics as they move to higher grade levels. Similarly, Bozkurt and Karshgil-Ergin (2018)
conducted a study with students in the fourth, the fifth and the sixth grade and concluded that most students
lacked the ability to correctly identify appropriate solution strategies and effectively solve problems. However,
as the grade level increased, students' competence in PS increased. Similarly, Cai (2003) concluded that a
higher percentage of students in that grade level reached the correct answers as the grade level advanced in
the problems given to the students. On the other hand, Yeap (2002) found that there was no statistically
significant interaction effect between grade level and PS ability.

The students got relatively higher grades in the evaluation dimension of the PSSS. On the other hand, Karatas
(2008) concluded from his study that students are incompetent in evaluation and do not tend to solve an
evaluation-level problem in different ways. Similarly, Sayg1 (1990) observed that the participants in her study
failed to evaluate their conclusions during PS. The study by Gokkurt et al.’s (2015) revealed that the students
showed the lowest performance in the evaluation stage. Apparently, the results of the present study are not
consistent with the findings of previous studies by Karatas (2008), Saygt (1990) or Gokkurt et.al. (2015).
Undoubtedly, in school, teachers greatly affect their students” PS process of. Therefore, the higher scores of
students in the evaluation dimension compared to other dimensions may be due to the fact that teachers give
them the opportunity to think about the solutions they have made in order to use the evaluation stage
proficiently in the PS process. Teachers may also have questioned what their values mean in solving the
problem and the logical rationale behind their actions (Gokkurt et al., 2015).

Gender differences in mathematical PS, an important factor believed to affect mathematics performance, have
attracted more attention from researchers in recent years (Zhu, 2007). Nurhayanti, Riyadi and Usodo (2020)
stated that while solving mathematical PS problems, each individual's ability is definitely different when
viewed in terms of gender differences. In recent years, there has been a significant amount of research
examining gender differences in mathematical PS, with many studies indicating a tendency for males to
perform better than females in this area (e.g. Gallagher et al., 2000; Zhu, 2007). However, in the present study,
mean scores in the PSSS differed significantly depending on gender, which contradicts some previous studies
in the literature (Uysal, 2007). The female participants in this study got significantly higher mean scores than
the male participants in all three dimensions of the PSSS. Similarly, in Cakir’s (2017) study, female participants
had higher PS abilities compared to male participants. Kaytanct (1998) reported a significant discrepancy
between male and female students in exhibiting behaviours critical to PS, with the difference being in favour
of the latter, a finding that supports that of the present study. On the other hand, in some studies, it was found
that PS scores did not show significant differences according to gender (Giiven & Cabakgor, 2013; Nurhayanti,
Riyadi & Usodo, 2020). Additionally, Caplan and Caplan (2005) argued that there is little to no relationship
between gender and performance in mathematics. The finding is also in line with some previous studies that
used the Problem-Solving Inventory (developed by Heppner and Peterson (1982) and adapted by Sahin, Sahin
and Heppner (1993)). In these studies, no significant correlation was observed between the scores in the
Problem-Solving Inventory and gender; however, a significant discrepancy was revealed regarding the mean
scores in the dimensions of the inventory (Cakir, 2017; Kaya, Izgiol & Kesan, 2014). Also, Vermeer, Boekaerts
and Seegers (2001) explored sixth grade students’ mathematical PS behaviours, finding gender not to be a
significant predictor. In another study on mathematical PS, Gallagher et al. (2000) reported that male students
are more successful in choosing appropriate strategies for a given problem and better at taking shortcuts and
finding multiple solutions. This finding is not supported by that of the present finding, for the choice of
strategy is included in the implementation dimension of the PSSS, in which the female students were observed
to have higher mean scores. Indeed, Zhu (2007) stated that educationalists may consider that males and
females exhibit distinct approaches to solving mathematical problems. It is crucial for teachers to devise ways
in which both male and female students can help them improve their PS skills using appropriate instructions.
In addition, taking the positive and negative effects of classroom variables critically into consideration, efforts
should be made to promote gender equality in mathematics learning (Zhu, 2007).

The literature places significant emphasis on the importance of achievement in mathematics. Academically
successful students are those who acquire self-understanding using effective PS strategies that are associated
with higher conceptual understanding (Garrett, Mazzocco, & Baker, 2006; Ramirez et. al, 2016). Students are
successful when they solve problems related to PS. The acquisition of such skills not only leads to success in
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mathematics but also equips students with the necessary skills for the age we live in (Incebacak & Ersoy, 2016).
It was also found in this study that there is a strong positive and significant correlation between the students’
PS skills and their GPA and GIM. Similarly, in his study, Bhat (2014) sought to examine the impact of PS skills
on the mathematics performance of 10th-grade students. The results of the study demonstrated that PS ability
was the most reliable predictor of achievement in mathematics. Ceylan (2008) explored the connection
between mathematical PS abilities in school and PS skills in the daily lives of sixth grade primary school
students. For this purpose, the students completed both a mathematics test and a PS inventory. The results
indicated a strong and meaningful relationship between the mathematics test scores and the PS inventory
results. Similarly, Ozsoy (2005) explored the interplay between fifth grade students’ PS skills and their
achievement in mathematics and reported a positive and significant correlation between the two. The findings
support those of the present study. Kaytanct (1998) reported a significant correlation between students’
exhibiting behaviours critical to mathematical PS and variances in their grades in mathematics. Thus, the
results of the present study are in line with those of Kaytanci (1998). Bunar (2011), in her study conducted with
sixth grade students, determined that GIM variable was an important factor in students' problem-posing and
solving skills. Students with high GIM are more successful in posing and solving problems. Giiven and
Cabakcor (2013) found in their study with seventh grade students, a highly significant relationship between
academic achievements and PS skills. A similar result was obtained at the end of the study in which Ozgen et
al. (2017) examined the problem posing skills of the students. The research revealed that there was a notable
variation in the problem-posing scores of students depending on their overall academic achievement and their
mathematics performance. These results are parallel to the results of the study. All these suggest that PS skills
have a significant influence on GPA and GIM. For this reason, it is reasonable to anticipate that students” PS
skills will be significantly and positively affected by their high GPA and GIM. Also, it was determined that PS
skills significantly predicted GIM and GAP. In line with these discussions, we can conclude that PS is an
important factor contributing to success in mathematics, highlighting the crucial role teachers play in
cultivating students' PS skills. They are expected to design a reassuring environment for students to explore,
take risks, and question each other (Bhat, 2014). On the basis of the conclusions, it can be argued that it is
essential to improve the PS skills of students regardless of their grade levels. In addition, teachers should
arrange activities that are likely to foster their students’ PS skills while they are planning the instructional
process. This may involve thoughtfully selecting problems that align with instructional objectives,
encouraging collaborative PS among students, and creating opportunities for students to share their PS
strategies with one another, all of which can enhance overall PS success (Grouws, & Cebulla, 2000). Thanks to
its ability to identify students’ PS skills, the PSSS will hopefully help students be guided in accordance with
their abilities. It is also recommended that future studies should consider other factors, including
metacognition and the affective domain, in the PS process.
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