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ABSTRACT: Problem-solving ability is needed in mathematics learning. This study aimed to find out about the correlation
between relational understanding and cognitive style on the problem-solving ability of students. Relational understanding was
taken into account because this understanding is related to a person's ability to use mathematical procedures obtained by
correlating various mathematical concepts that are relevant in problem-solving and to understand why such procedures can be
used. Cognitive style was also considered because this style is related to how students think and understand, including how they
solve problems. The study used multiple correlation analysis with independent variables of relational understanding (X1) and
cognitive style (X1), while the dependent variable was problem-solving ability (Y). The samples of this study were 22 High School
students in Malang, selected randomly. The multiple correlation analysis resulted in R = 0,965, indicating that there is a
significant correlation between relational understanding and cognitive style on problem-solving ability. In addition, the result of
F test also showed that the multiple correlation coefficient was significant.
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INTRODUCTION

A problem is an obstacle or issue to be solved. Most mathematicians argue that problems are questions that students shall
answer or respond to, but not all questions will become problems for students (Shadig, 2003). A question will become a problem
if the question contains a challenge that is not solved by any routine procedures that students already know. Therefore, such
question will become a problem for students who do not know the routine procedures or find a challenge in solving it, but the
same question will only become an ordinary question for students who already know the procedure.

According to Reys (in Zhu, 2007), "problem solving is the foundation of much mathematical activity". Problem solving is a
fundamental component in learning and gaining knowledge (Ayllon, et al, 2016). According to Polya, problem solving processes
consist of (1) understanding the problem, (2) devising a plan, (3) carrying out the planning, and (4) re-examining (Ayllon, et al,
2016). The steps that can be selected in solving are guessing and checking, making an orderly list, eliminating possibilities, using
symmetry, considering special cases, using direct reasoning, solving equations, looking for patterns, drawing pictures, solving
simpler problems, using a model, walking backwards, using a formula and becoming ingenious (Victor, 2015).

Problem solving is taught and explicitly becomes one mathematics learning objective contained in mathematics
curriculum. This is in line with the mathematics learning objectives stated by BSNP (2006). In addition, NCTM (2000) states that
problem solving is one of the standards that shall be mastered by students in mathematics learning. In addition, problem solving
ability is seen not only as a mathematics learning objective but also as the main instrument to measure the performance of
students in mathematics learning (Eviyanti, et al, 2017). In fact, mathematics and problem solving are two things that are
integral.

Problem solving is needed in mathematics learning. This, according to Pehkonen (1997), is because problem solving has
various benefits, i.e.: (1) developing general cognitive skills, (2) boosting creativity, (3) problem solving is a part of mathematics
application processes, and (4) motivating students to learn mathematics. In addition, problem solving could improve students’
higher-order thinking skills (Abdullah, et al, 2015; Kortesi & Georgieva, 2015; Ersoy, 2016). Based on this explanation, problem
solving is one of the mathematics learning objectives that could encourage and train students' higher-order thinking
skills. Therefore, teachers shall pay attention to any factors that influence or are related to problem solving abilities. By knowing
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these factors, teachers are expected to formulate a learning design that is able to provide a positive relationship with problem
solving abilities.

One of the factors considered to have a positive relationship with students’ problem-solving ability is students'
understanding. Understanding, in Revised Bloom's Taxonomy, is a dimension higher than remembering which consists of
interpreting, giving examples, classifying, summarizing, concluding, comparing and explaining (Krathwohl, 2002). Further Skemp
(1987) divided understanding into three, namely instrumental understanding, relational understanding, and logical
understanding.

This understanding specifically refers to relational understanding. Relational understanding is students' understanding to find
the procedures to be used, based on reasoning and ability to connect to mathematical concepts (Anwar, 2016). Relational
understanding is a rich and interconnected network of concepts (Olivia, et al, 2013). This understanding is the ability to re-
explain the concepts that have been studied, analyze (classify), apply the concepts in an algorithm, and correlate one concept to
another so that students are able to find reasoning or rationality of an answer (Mustaghfirin, 2014). This is in line with an
argument of Skemp (1987) that "relational understanding is described as knowing both what to do and why", i.e. a person's
ability to use mathematical procedures obtained by correlating various mathematical concepts that are relevant in problem-
solving and to understand why such procedures can be used. Yazidah (2018) in a previous research stated that groups of
students with high academic achievement and students with middle academic achievement had almost the same relational
understanding abilities.

Relational understanding is crucial in mathematics learning. In addition, improving relational understanding will then improve
meaningful learning for students (Anwar, 2016). Relational understanding is important for meaningful mathematics learning
because teachers certainly expect that students’ understanding is not limited to the understanding to only connect
(Mustaghfirin, 2014). Besides, relational understanding contains a scheme or structure that can be used to solve more problems
(Mustaghfirin, 2014). Therefore, relational understanding can be said to play a role in problem solving.

In addition to relational understanding, another factor considered is cognitive style. Cognitive style is a psychological term to
describe the way individuals think, understand and memorize information (Lusiana, 2017). Cognitive style is an individual
characteristic in thinking, feeling, memorizing, solving problems, and making decisions (Park, 1996: 639). Cognitive style can be
divided into two, namely field independent (FI) and field dependent (FD) cognitive styles.

Further, each of these cognitive styles has its own characteristics. Individuals with field dependent cognitive style are those
who tend to think globally, view an object and its environment as a unity, have social orientation, prefer a structured
environment, follow existing objectives, as well as prioritize extrinsic motivation and reinforcement. On the other hand,
individuals with independent field cognitive style are those who tend to view objects as discrete and separate parts of the
environment, able to analyze to separate stimuli from the context, able to restructure, have impersonal orientation, design their
own objectives, and work with intrinsic motivation and reinforcement. In other words, cognitive style is related to how students
think and understand, including their problem solving.

This study analyzed the correlation between these two factors, both relational understanding and cognitive style, with
problem solving ability. A strong correlation between relational understanding and cognitive style with problem solving ability
can be used as a consideration in designing a more meaningful mathematics learning for students. This study was limited to only
relational understanding and cognitive style as the independent variables and problem-solving ability as the dependent variable.

METHODS AND MATERIALS
Scope of Research

The research instrument was test questions which were limited to combinatorics to measure students' relational
understanding and problem-solving ability. Combinatorics was selected because this material is one of the basic concepts that
students shall master and this is highly relevant to everyday life. In addition, the research instrument was also in the form of
GEFT (Group Embedded Figure Test) to find out about students' cognitive style, whether the students had field dependent (FD)
or field independent (Fl) styles.

Research design

This was a correlational research with a quantitative approach. The correlational technique used was multiple correlation
with Pearson Product Moment that matched the ratio data. The multiple correlation in this study was the correlation between
two independent variables and one dependent variable (Sugiyono, 2002). The independent variables in this study were relational
understanding (X1) and cognitive style (X2). The dependent variable was problem-solving ability (Y).

IJMRA, Volume 07 Issue 03 March 2024 www.ijmra.in Page 1065


http://www.ijmra.in/

Correlation between Relational Understanding and Cognitive Style on Mathematical Problem-Solving Ability

Research Procedure

The population in this study was high school students in Malang, while the samples consisted of 22 students who were
randomly selected. The samples were selected using simple random sampling technique.

Data on problem solving ability scores (Y), relational understanding (X1) and cognitive style (X2) will be analyzed correlation
between problem-solving ability (Y) and relational understanding (X1), correlation between problem-solving ability (Y) and
cognitive style (X2), correlation between relational understanding (X1) and cognitive style (Xz), correlation between relational
understanding (X1) and cognitive style (X2) with problem-solving ability (Y).

Data Collection and Data Analysis

Multiple correlation is number that indicates the direction and strength of the correlation between two or more variables
simultanously with other variables (Sugiyono, 2002). The correlation between two or more variables is stated to be positive
when an increased value of a variable could increase the value of another variable, and vice versa, when a decreased value of a
variable could decrease the value of another variable. To calculate multiple correlation, simple correlation was first calculated
using Pearson Product Moment correlation. The simplest formula that can be used to calculate the correlation coefficient is as

follows,
Zxy
J}J-' - (Ex21E 2] (1)

where #.,. is the correlation between variable x and ¥, x = x; — & with ¥ = 3 — ¥. Next, multiple correlation was calculated
using the following formula.

. R
| Ty Py~ =Tyx Tyxa oy x;

R_‘l.'.‘t'|.'t': = (2)

J'_ri'-t_:li't':
Interpretation of correlation coefficient adapted from Sugiyono (2002) is presented in the following table.

Table 1. Interpretation of Correlation Coefficient

Coefficient Interval Correlation Level
0=r=02 Very low

0.2 =r =04 Low

04 =r=100 Moderate

0.6 =r=208 Strong
0B=r=1 Very strong

Next, F test was done to test the significance on the multiple correlation coefficient.
R [k
Feou = AR5/ k = )
with R is multiple correlation coefficient, & is the number of independent variables and 7 is the number of samples. If F. ¢ is

greater than F 51 then Hy is rejected and H; is accepted, meaning that the multiple correlation coefficient is significant.

X, "1
R
3
Xz
Tz

Figure 1. Multiple Correlation between X, and X- with ¥’

Based on this diagram, 1 shows the correlation between relational understanding and problem-solving ability, 7= shows the
correlation between cognitive style and problem-solving ability, and £ shows the correlation between relational understanding
and cognitive style with problem-solving ability.

RESULTS AND DISCUSSIONS
Results

Problem-solving ability refers to Polya, but this study did not consider the review stage. Therefore, the problem-solving
ability indicators were (1) students are able to understand the problem, (2) students are able to devise a plan, and (3) students
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are able to carry out the plan. The combinatorics problem given was "a car number plate of Malang area begins with letter N,
followed by four numbers, and ends with two letters. How many number plates can be formed if the four digit numbers form
even numbers and contain no same numbers?". The problem-solving ability was presented using a scale of 0 to 100. The
guidelines for the scoring of students' problem-solving ability are presented in Table 2.

Table 2. Guidelines for Scoring of Students' Problem-Solving Ability

Problem Solving Lo

Indicators Description Scores

Understand the Interpret the problems correctly 2

problems Incorrectly interpret some of the problems 1
Misinterpret the problems 0

Devise a plan Devise a problem-solving plan correctly and completely 4
Devise a problem-solving plan correctly but incompletely 3
Devise a problem-solving plan that is less relevant 2
Devise a problem-solving plan that is not relevant 1
Do not devise a problem-solving plan 0

Carry out the plan Carry out the problem-solving procedure correctly and obtain correct results 2
Carry out the problem-solving procedure correctly but obtain incorrect results 1
Carry out no problem-solving procedure 0

Problem solving ability in this study was the dependent variable, whose correlation with students' relational understanding
and cognitive style was analyzed. Students’ scores in terms of their problem solving ability were calculated using the following
formula.

score obtained by students
y= 8
Relational understanding was one of the independent variables whose correlation with problem solving ability was analyzed

= 100

in this study. The indicators of relational understanding referred to combinatorics problems given to the students. In general, the
indicators of relational understanding consisted of: (1) correlating various mathematical concepts, (2) applying concepts in
various mathematical representation, and (3) classifying objects based on whether or not the requirements for the concept are
met. These three indicators were further explained based on the given combinatorics problem. The descriptions of each
indicator are presented in the following table.

Table 3. Description of Relational Understanding Indicators

Indicator Description

Correlating various mathematical concepts Able to correlate the concepts of even numbers

Applying concepts in various mathematical Able to transfer the problem into four boxes for numbers and two boxes for
representation letter

Classifying objects based on whether or not a. Able to determine the correct enumeration rules to solve the problem
the requirements for the concept are met based on what is known and asked
b. Able to place even numbers in the last box as the first box to be filled out
Able to divide the solution into two cases (if number O fills in the last box
and if number 0 does not fill in the last box)
d. Able to determine many choices of number in each box

The descriptions of each indicator were eventually used to measure the students' relational understanding. The following
table describes the scoring of the students' relational understanding.
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Table 4. Guideline for Scoring of Students’ Relational Understanding

Description of Indicator Description Score
Able to determine the Able to determine the appropriate enumeration rules and explain the reasons of 2
correct enumeration rules determining the rules based on what is known and asked
to solve the problem based Able to determine the correct enumeration rules but unable to explain the reasons 1
on what is known and asked  of determining the rules based on what is known and asked
Unable to determine the correct enumeration rules and unable to explain the 0
reasons of determining the rules based on what is known and asked
Able to transfer the Able to transfer the problem into four boxes for numbers and two boxes for letter 2
problem into four boxes for
numbers and two boxes for Able to transfer the problem into four boxes for numbers only, but neglecting the 1
letter letters
Unable to transfer the problem into four boxes for numbers and two boxes for 0
letter
Able to correlate the Able to explain the definition of even numbers and correctly mention numbers 2
concepts of even numbers belonging to even numbers, i.e. 0, 2, 4, 6 and 8
Able to explain the definition of even numbers and but incorrectly mention numbers 1
belonging to even numbers, i.e. 0, 2, 4, 6 and 8
Unable to explain the definition of even numbers and unable to mention numbers 0
belonging to even numbers, i.e. 0, 2, 4, 6 and 8
Able to place even numbers Able to place even numbers in the last box as the first box to be filled out 1
in the last box as the first
box to be filled out Unable to place even numbers in the last box as the first box to be filled out 0
Able to divide the solution Able to divide the solution into two cases 1
into two cases (if number 0O
fills in the last box and if Unable to divide the solution into two cases 0
number 0 does not fill in the
last box)
Able to determine many Able to determine many choices of number in each box and explain the reason 2
choices of number in each behind each choice of number
box Able to determine many choices of number in each box but unable to explain the 1
reason behind each choice of number
Unable to determine many choices of number in each box 0

Each of the students’ relational understanding scores was calculated using the following formula.
score obtained by students
10
In addition to relational understanding, another independent variable analyzed in this study was cognitive style. Cognitive

x= = 100

style scores referred to the GEFT questions given to the students. The minimum score was 0 and the maximum was 18. The score
ranging from 0 to 9 showed FD cognitive style, while the score from 10 to 18 showed FI cognitive style. The GEFT test score was
then converted into a scale of 0 to 100 using the following formula.
score obtained by students
18
Data of problem-solving ability score (¥'), relational understanding (X,) and cognitive style (X,) are presented in the

x= = 100

following table.

Correlation between Problem-Solving Ability (¥) and Relational Understanding (Xij
To determine the correlation between problem-solving ability and relational understanding, correlation analysis was
performed using formula (1). The research showed that there is a significant correlation between relational understanding and
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problem-solving ability, evident from the calculation which resulted in Tyx, = 0.962. This shows that there is a strong correlation
between relational understanding and problem-solving ability. In addition, the correlation is positive, so the better the students'

relational understanding, the better their problem-solving ability.

Correlation between Problem-Solving Ability (¥) and Cognitive Style (XZ]
To determine the correlation between problem-solving ability and cognitive style, correlation analysis was performed using
formula (1). The research showed that there is a significant correlation between cognitive style and problem-solving ability,

evident from the calculation which resulted in Tyx, = 0.861. This shows that there is a strong correlation between cognitive style

and problem-solving ability. In addition, the correlation is positive, so the better the GEFT test score, the better the students’
problem-solving ability. Higher test scores indicate that students tend to have Fl cognitive style.

Correlation between Relational Understanding (Xij and Cognitive Style (ij
To determine the correlation between relational understanding and cognitive style, correlation analysis was performed using
formula (1). The research showed that there is a significant correlation between cognitive style and relational understanding,

evident from the calculation which resulted in 1. .. = 0.923. This shows that there is a strong correlation between cognitive
style and relational understanding. In addition, the correlation is positive, so the better the GEFT test score, the better the

relational understanding. Higher test scores indicate that students tend to have FI cognitive style.

Correlation between Relational Understanding (Xij and Cognitive Style (Xz] with Problem-Solving Ability (¥)
To determine the correlation between relational understanding and cognitive style with problem-solving ability, a correlation
analysis was performed using formula (2). The research showed that there is a significant correlation between relational

understanding and cognitive style with problem-solving ability, evident from the calculation which resulted in R = 0.965.

FEy Xz
This shows that there is a strong correlation between relational understanding and cognitive style with problem-solving
ability. Further, F test was performed to examine the significance of the multiple correlation coefficient, which resulted in
Fooune = 128.24 greater than F 5. = 3.32 at a significance level of 5%. Therefore, it can be concluded that the multiple
correlation coefficient is significant, meaning that the result of the correlation analysis can be applied to the population from

which the samples were selected, i.e. high school students in Malang.

DISCUSSIONS

A strong correlation between relational understanding and cognitive style shows that these two factors can be considered in
developing mathematical problem-solving ability. Students who have relational understanding tend to be better at problem-
solving. Relational understanding helps students know more about what they learn and what they need in learning it (Anwar,
2016). The results also showed that a higher cognitive style score indicates a better problem-solving ability. Students with FI
cognitive style tend to have a high level of independence in viewing stimulus without being dependent on teachers. On the other
hand, students with FD cognitive style tend to be highly dependent on the educational resources from teachers (Lusiana,
2017). However, this does not necessarily mean that students with FI cognitive style are better than those with FD. If students
with cognitive style are considered to have been more independent in solving problems, teachers are expected to be able to
design and provide treatment needed by students with FD cognitive style. Finally, students with both Fl and FD cognitive styles
are expected to have the same opportunities to develop their problem solving ability.

CONCLUSIONS

Relational understanding and cognitive style have a significant correlation with problem-solving ability. The calculations
resulted in Ry, .. = 0.965, meaning that there is a strong correlation between relational understanding and cognitive style with
problem-solving ability. The result of F test also showed that the multiple correlation coefficient is significant, indicating that the
results of the correlation analysis can be applied to the population from which the samples were selected, i.e. high school
students in Malang. These results indicate that in order to develop problem-solving ability, teachers shall consider students’
relational understanding and cognitive style. For future researchers, it is suggested that they study how to design learning that
could accommodate relational understanding or cognitive style as a part to improve students' problem-solving ability.

IJMRA, Volume 07 Issue 03 March 2024 www.ijmra.in Page 1069


http://www.ijmra.in/

Correlation between Relational Understanding and Cognitive Style on Mathematical Problem-Solving Ability
REFERENCES

1) Abdullah, A. H., Abidin, N. L., Ali, M, Analysis of Students’ Errors in Solving Higher Order Thinking Skills (HOTS) Problems
for the Topic of Fraction. Asian Social Science, 11 (21), 133-142, 2015.

2) Anwar, R. B., Yuwono, I., As’ari, A. R., Sisworo, & Rahmawati, D. (2016). Mathematical Representation by Students in
Building Relational Understanding on Concepts of Area and Perimeter of Rectangle. Educational Research and Reviews,
11 (21): 2002-2008.

3) Ayllon, M. F,, Gomez, |. A., & Claver, J. B. (2016). Mathematical Thinking and Creativity through Mathematical Problem
Posing and Solving. Propositos y Representaciones, 4 (1): 169-218.

4) Eviyanti, C. Y., Surya, E., Syahputra, E., Simbolon, M, Improving the Students’ Mathematical Problem Solving Ability by
Applying Problem Based Learning Model in VII Grade at SMPN 1 Banda Aceh Indonesia. International Journal of Novel
Research in Education and Learning, 4 (2), 138-144, 2017.

5) Krathwohl, D. R. 2002. Revision of Bloom’s Taxonomy: An Overview. Theory into Practice, 41 (4): 212-218.

6) Lusiana, R. (2017). Analisis Kesalahan Mahasiswa dalam Memecahkan Masalah pada Materi Himpunan Ditinjau dari
Gaya Kognitif. JPPM, Vol. 10, No.1, Hal 24-29.

7) NCTM. (2000). Principles and Standards for School Matematics. VA: The National Council of Teachers of Mathematics,
Inc.

8) Olivia, C., Deniyanti, P & Meiliasari. (2013). Mengembangkan Pemahaman Relasional Siswa Mengenai Luas Bangun
Datar Segiempat dengan Pendekatan PMRI. Prosiding Seminar Nasional Matematika dan Pendidikan Matematika
Jurusan Pendidikan Matematika FMIPA Universitas Negeri Yogyakarta.

9) Skemp, R. (1987). Psychology of Learning Mathematics. New Jersey: Lawrence Erlbaum Associates.

10) Yazidah, N.I., Argarini, D.F., Sulistyorini, Y. (2018). Analysis on Relational-Understanding in Solving Problem for Field

Independent Students. Al-Ta’lim Journal, 25 (3), 272-280.
Zhu, Z. (2007). Gender Difference in Mathematical Problem Solving Patterns: A Review of Literature. International
Education Journal, Shannon Research Press, 8 (2), 187-203.

-

11

p—

There is an Open Access article, distributed under the term of the Creative Commons
@ @ @ Attribution — Non Commercial 4.0 International (CC BY-NC 4.0)

(https://creativecommons.org/licenses/by-nc/4.0/), which permits remixing, adapting and

building upon the work for non-commercial use, provided the original work is properly cited.

IJMRA, Volume 07 Issue 03 March 2024 www.ijmra.in Page 1070


http://www.ijmra.in/

