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Problem-solving skills of students are indicators of their intellectual behavior,

and they determine higher-order thinking skills that students need to master.

One of the approaches to improving students’ mathematics problem-solving

skills is understanding their learning style and personality characteristics and

the influences of these two factors on problem-solving skills. The research

goals are to describe students’ mathematics problem-solving skills and

examine the influence of gender, grade level, learning style, personality

characteristics, and interaction between learning style and personality

characteristics on their mathematics problem-solving skills. The study

population comprised all students in five state elementary schools and

five state junior high schools, with a sample size of 200 students. Statistical

analysis of the data was carried out using t-tests and analysis of variance.

The majority of students showed “moderate” mathematics problem-solving

skills (72.77), with 60.50% falling under the “moderate” category or above.

Gender and grade level had a significant influence on students’ mathematics

problem-solving skills. In addition, mathematics problem-solving skills were

dependent on learning style and personality characteristics. Learning style,

personality characteristics, and interaction between these two factors

showed significant influences on students’ mathematics problem-solving

skills. Furthermore, the learning style “auditory-kinesthetics” and the

personality characteristics “steadiness-compliance” and “dominance-influence”

had significant influences on students’ mathematics problem-solving

skills. Moreover, “auditory-kinesthetics—steadiness-compliance” and

“auditory-kinesthetics—dominance-influence” interactions showed significant

influences on students’ mathematics problem-solving skills.
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1 Introduction

In students, problem-solving skills are indicators of their

intellectual behavior and higher-order thinking skills (Ichsan et al.,

2019; Akben, 2020; Nur and Kardi, 2000) and play a crucial role

in inspiring innovation and creativity to achieve academic success

(Rahman, 2019; Rosa and Parsusah, 2020). Using problem-solving

skills, students can identify their needs and develop innovative

solutions to meet these needs (Kwangmuang et al., 2021; Sumarno,

2019).

One of the approaches to improving students’ mathematics

problem-solving skills is understanding their learning style (Safira

et al., 2024). Each individual has a unique way of learning new

things, which also depends on their personality characteristics

(Mulyodoro, 2017; Sunarto et al., 2011).While solvingmathematics

problems, each student may have a different way of thinking based

on their personality characteristics (Susanti and Setianingsih, 2014;

Sunarto et al., 2017; Griffin and Care, 2015).

Understanding the association between students’ learning styles

and personality characteristics is crucial for developing unique

learning strategies that are tailormade to individuals (Khoirunisa

and Hermansyah, 2024). It can also help enhance students’

problem-solving skills from an early age, particularly students

obtaining basic education in Indonesia who are struggling to

develop these skills (Mursalin et al., 2017; Setyawati et al., 2024;

Adami et al., 2017). Furthermore, understanding the association

between students’ learning styles and personality characteristics is

crucial not only for their academic and cognitive skills but also for

increasing self-confidence and learning motivation (Supriadi et al.,

2024; Argaw et al., 2017; Shimizu, 2022).

2 Literature review

2.1 Problem-solving skills

The term “problem-solving skills” refers to the ability to deal

with various complicated and unusual situations in flexible ways

(Muhali, 2019; Adeoye and Jimoh, 2023; Lutfauziah et al., 2023),

and they are complex cognitive skills (Kraft, 2019). They involve

thinking about finding solutions to problems based on valid data

and information and drawing appropriate conclusions (Iñiguez-

Berrozpe and Boeren, 2019; Bariyyah, 2021).

Problem-solving plays a crucial role in mathematical teaching

and learning (Liljedahl et al., 2016), which has been introduced to

elementary school students (Suseelan et al., 2022; Riyadi et al., 2021)

in Indonesia to strengthen their understanding of mathematics

(Lithner, 2008). In this approach, students learn to transform

problem situations into mathematical sentences and rationalize

the use of mathematical concepts in various real-world problem

scenarios (Verschaffel et al., 2020, 2010).

Problem-solving skills are included in the content and

competency standards in the 2013 curriculum for the mathematics

subject in elementary and junior high schools in Indonesia (Riyadi

et al., 2021). This can help students improve and develop critical

thinking, creativity, social and teamwork skills, mathematical and

scientific skills, understanding of material concepts, analysis and

synthesis skills, language, and logic intelligence (O’Reilly et al.,

2022; Vincent-Lancrin et al., 2019).

Different studies have proposed various stages involved in

problem-solving, which are as follows: (1) understanding problems,

generating ideas, developing solutions, planning and taking action,

and evaluating results (Martínez-Bravo et al., 2022; Mee et al.,

2020); (2) identifying problems, searching for various solutions

and selecting appropriate ones, and making decisions (Araiza-

Alba et al., 2021; Graesser et al., 2018; Pinter and Cisar, 2018);

(3) solving problems and making difficult decisions (Özreçberoglu

and Çaganaga, 2018); (4) defining and determining causes and

priorities of problems, and selecting and implementing solutions

(Dörner and Funke, 2017); (5) identifying problems, determining

and planning solutions, implementing solutions, analyzing data,

making conclusions, and evaluating results (Lutfauziah et al., 2023).

In the present study, “problem-solving skills” refers to

students’ skills to solve mathematics problems through four

stages (Polya’s conceptual framework): understanding the problem,

planning a solution, solving the problem, and checking and

making conclusions.

In Indonesia, students’ mathematics problem-solving skills

are still low: among 40 students, 35% reported difficulty in

reading problems, 37.5% in understanding problems, 20% in

transformation, 25% in solving problems, and 67.5% in writing

answers (Yuliyani et al., 2023). Of 21 elementary school students,

73% did not understand the problem; 74% did not know how to

plan steps involved in problem-solving; 75% did not know how to

carry out a problem-solving plan; and 78% did not know how to

review problem-solving completion (Cahyadi et al.).

2.2 Learning style and its influence on
mathematics problem-solving skills

“Learning style” refers to one’s approach to learning and

acquiring information and knowledge through various perceptions

(Febrina and Hali, 2020; Argarini, 2018; El-Kufi Zair, 2021; Bhat,

2014). Learning style is classified into three types: “visual,” which

emphasizes sight sharpness; “auditory,” which focuses on hearing;

and “kinesthetics,” which is based on physical touch to provide

or obtain certain information (Sari and Pujiastuti, 2020; Daryanto

Rachmawati, 2015; Kurniawan and Hartono, 2020).

The different traits of these three learning styles are as follows

(DePorter and Hernacki, 2003; Ghufron and Risnawati, 2013;

Soebagyo et al., 2022): (1) an individual with the visual trait appears

neat and orderly; speaks rather quickly; is not distracted by noise;

has problems remembering verbal instructions; remembers what is

seen from what is heard; reads quickly and diligently; and prefers

music over art; (2) an individual with the auditory trait talks to

themselves while working; is distracted by noise; moves lips and

pronounces text while reading; enjoys reading; likes to talk, discuss,

and explain things at length; is better at spelling out something

loud than writing it down; and prefers oral jokes to reading comics;

and (3) an individual with the kinesthetics trait speaks slowly;

responds to physical attention; touches people to get attention;

stands close while talking to others; is always physically oriented

and moves a lot; memorizes by walking and looking around; uses
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many gestures; cannot sit for a long time; wants to do everything;

and likes busy games.

The aforementioned characteristics were used as scientific

references to develop the learning style instrument available in

the application used in this study to differentiate between visual,

auditory, and kinesthetics traits.

Learning style has a significant influence on students’

mathematics problem-solving skills (El-Kufi Zair, 2021; Bhat,

2014; Albar and Sari, 2021). A person who recognizes his/her

learning style and knows how to deal with problems will tend

to be more effective in solving problems. For example, if an

individual finds it easier to understand a problem through visuals,

they can try sketching or diagramming to formulate a solution;

similarly, an “auditory” individual can find it easier to understand

problems by listening to explanations or discussions, whereas a

“kinesthetics” individual is more likely to use experimental or

simulation approaches.

Each student has a different learning style depending on how

they receive the information, process it, and make conclusions

based on the obtained information (Sari et al., 2019). If teachers

understand the learning style of individual students, they can help

students improve their learning, leading to good results (Febrina

and Hali, 2020; Islamiah et al., 2022; Yuliana, 2022; Masamah et al.,

2015).

2.3 Personality characteristics and their
influence on mathematics problem-solving
skills

Personality is a set of stable characteristics and tendencies that

determine generality and differences in the psychological behavior

of an individual (Alwisol, 2018). Personality characteristics

are dynamically organized psychophysical systems within an

individual so that they can adapt to the environment (Calvin

Lindzey, 2008).

Dominance, influence, steadiness, and compliance (DISC)

is a self-reporting test tool developed by William Moulton to

understand the personality characteristics of an individual (Brose

et al., 2005; Keogh et al., 2019; Bell et al., 2011). Individuals

with the dominance personality characteristic like to control

their environment and mobilize others in their life scope; those

with the influence personality characteristic like to influence

others; those with the steadiness personality characteristic remain

stable and consistent; and those with the compliance personality

characteristics like to get things right and be certain and do not

cause problems.

The traits of the four personality characteristics are as follows

(Ajmal et al., 2016; Shin, 2013): (1) dominance: these individuals

tend to like giving instructions or orders; like getting things done

their own way and strive for results; like new things; like to

compete and be challenged; are quick; like to make decisions; do

not give up easily; like to solve problems; and are result-oriented

rather than process-oriented; (2) influence: these individuals are

persuasive; dislike being structured; hate details and numbers;

easily believe what others say; and are charismatic, optimistic,

friendly, caring, overly talkative, emotional, volatile, unpredictable,

confident, enthusiastic, and easily distracted; (3) steadiness: these

individuals take more time to do something; think a lot before

speaking; do not show much expression on the face; and are

patient, steadfast, considerate, consistent, thoughtful, reliable, and

casual; and (4) compliance: these individuals do right things; are

stable in doing procedural things; solve problems thoroughly; focus

on work; enjoy numbers and data; and are analytical, systematic,

detail-oriented, precise, accurate, and organized.

The aforementioned traits were used as scientific references to

develop the personality characteristic instrument available in the

application used in this study to differentiate between dominance,

influence, steadiness, and compliance.

As reported in previous studies, the DISC tool has shown

a significant relationship with mathematics problem-solving

skills (Duckworth, 2012; Rahayu, 2022; McMurran et al., 2007;

Hosseinkhanzadeh et al., 2011). It has unique characteristics and

is quite influential in understanding the cognitive skill processes of

students (Herlinda and Aripin, 2020; Rohati, 2014; Syafmen, 2013;

Kurniasari, 2012).

2.4 Research questions

RQ1: What are students’ mathematics problem-solving skills?

RQ2: Does gender have an influence on students’ mathematics

problem-solving skills?

RQ3: Does grade level have an influence on students’

mathematics problem-solving skills?

RQ4: Does learning style have an influence on students’

mathematics problem-solving skills?

RQ5: Do personality characteristics have an influence on

students’ mathematics problem-solving skills?

RQ6: Is there any interaction between learning style and

personality characteristics that has an influence on students’

mathematics problem-solving skills?

The research goals are to describe students’ mathematics

problem-solving skills and to examine the influence of gender,

grade level, learning style, personality characteristics, and

interaction between learning style and personality characteristics

on students’ mathematics problem-solving skills.

2.5 Hypothesis

Gender, grade level, learning style, personality

characteristics, and interaction between learning style and

personality characteristics influence students’ mathematics

problem-solving skills.

3 Method

3.1 Instruments

First, the math test consisted of three problem-solving

questions. These questions are challenging, cannot be easily solved

using known procedures, and require correct planning. They were
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based on the material on fraction in which mathematical story

problems were conceptualized. One of the content standards for

mathematics in the Indonesian Education Curriculum System

is “Numbers: Using Fractions in Problem Solving” for grade V

and VI elementary school and grade VII junior high school.

This indicates that fractions are always taught at all three

grade levels.

Second, the learning style instrument consisted of 30 statements

about visual, auditory, and kinesthetics traits, adopted from the

online application in the Indonesian version1, whose results

are a combination of two learning styles rather than one. We

preferred the three-learning-style model over others because of the

availability of the online application, so that there was no need

to develop a new instrument. There were three answer options

(A, B, and C) on each statement, and students responded to the

statements based on their current and most appropriate condition.

Third, the personality characteristics instrument consisted of

12 statement items regarding dominance, influence, steadiness, and

compliance, adopted from the online application in the Indonesian

version2. There were four personality characteristics in each item to

describe students’ personality characteristics. Students were asked

to rank each item from 1 to 4. The higher the rank they give, the

less compatible their personality characteristic, and vice versa. Rank

“1” indicates that the item is most compatible with their personality

characteristics, and “4” indicates that the item is least compatible

with their personality characteristics.

Normality, validation, and reliability tests were also carried

out with α = 5%, N = 200 (the number of respondents), and n

= 3 (the number of mathematics test questions). The chi-square

(χ2) method was used for the normality test, Pearson product–

moment correlation for the validation test, and Cronbach’s alpha

for the reliability test. The χ
2 values of normality and reliability

tests are 153.25 < χ
2 table (231.83) and 0.6025 (high category).

Data normality was also analyzed based on descriptive statistics,

where mean = 72.767, median = 72.588, kurtosis = −1.081,

and skewness = 0.388. The mean value was almost the same as

the median value, and the values of kurtosis and skewness were

between −2 and +2. This indicates that the data are normally

distributed. Validation test results for the three mathematics test

questions were rQ1 (0.450), rQ2 (0.627), and rQ3 (0.722), all of

which had rxy values greater than the r-table (0.138). This indicates

that the validation test has a normal distribution and is reliable

and acceptable.

3.2 Sample and population

The study population comprised all students in grades V andVI

in five state elementary schools, with an age range of 11–13 years,

and those in grade VII in five state junior high schools, with an age

range of 13–14 years. The schools were located in Meulaboh-Aceh

Province and were selected from a randomly selected sample of 93

elementary school students and 107 junior high school students.

1 https://akupintar.id/mp/tes-gaya-belajar/-/vak/instruksi-pengerjaan

2 https://akupintar.id/mp/tes-kepribadian/-/disc/pengerjaan-tes/0/0/0/

0/0/0

Overall, 200 students were included in this study, with 90 and 110

female and male students, respectively.

3.3 Data analysis

First, the researchers calculated students’ mathematics

problem-solving skills scores and then converted them into values.

These values were assessed based on four stages: understanding

the problem, planning a solution, solving the problem, and

checking and making conclusions, with the scores of 3, 3, 3,

and 1, respectively. The higher the difficulty level, the higher the

score, and vice versa. The total score was divided by 30 and then

multiplied by 100. The resulting values were categorized as very

low (0–54), low (>54–64), moderate (>64–79), high (>79–89),

and very high (>89–100; Sitorus et al., 2019).

Second, the researchers counted students’ answer choices in

each of the three learning styles for the 30 statements, divided the

resulting number by 30, and multiplied it by 100, thus obtaining

the percentage of the three learning styles. It is this percentage

that determines students’ learning style tendencies (the two largest

percentages are selected). It is possible that one individual has more

than one learning style: in such cases, one learning style may be

dominant or all learning styles may be equally strong. For example,

a student achieved 37%, 37%, and 26% in visual (V), auditory (A),

and kinesthetics (K) learning styles, so this student’s learning style

is VA, taking into account the two largest percentages. Based on

learning style instrument results, there were 93 VA students, 67 VK

students, and 40 AK students.

Third, the researchers analyzed four personality characteristics

of students which the students ranked from the most to least

compatible using numbers 1, 2, 3, or 4 on each item, with “1”

being the most appropriate personality characteristic and “4” being

the least appropriate one. The more appropriate the student’s

personality characteristics, the higher the score given, and vice

versa. The order of the scores given from the most to the least

appropriate personality characteristic was as follows: scores 4, 3, 2,

and 1 for numbers “1,” “2,” “3,” and “4,” respectively.

Then, the researchers summed up students’ personality

characteristics scores, divided them by 48 (the maximum score

for 12 items), and multiplied them by 100, thus obtaining

the percentage of the four personality characteristics. It is this

percentage that determines a student’s personality characteristic

tendencies (the two largest percentages are considered).

Based on personality characteristics instrument results, there

were 45 dominance–compliance (DC) students, 45 influence–

compliance (IC) students, 22 influence–steadiness (IS) students, 44

steadiness–compliance (SC) students, and 44 dominance–influence

(DI) students.

Fourth, based on learning style and personality characteristics

instrument results, there were nine interaction data groups between

learning styles and personality characteristics: VA-DI (N (sample

size) = 24 students), AK-DI (N = 20), VK-IS (N = 22), VA-SC (N

= 22), VK-SC (N = 2), AK-SC (N = 20), VA-DC (N = 21), VK-DC

(N = 24), and VK-IC (N = 45).

Fifth, a statistical test was carried out using the t-test to test

the influences of gender and grade level on students’ mathematics
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TABLE 1 Students’ mathematics problem-solving skills.

Variable Students’ mathematics problem-solving skills

The percentage of respondents based on the category (%) Mean

Very low Low Moderate High Very high

Students’ mathematics problem-solving skills 10.5 29 20.5 15.5 24.5 72.77

Gender

Male 13 13 9 7.5 12.5 72.33

Female 4.5 9 16.5 3 12 73.30

Grade level

- Low grade level (Elementary school) 6 11.5 13 3 13 71.61

- High grade level (Junior high school) 8.5 13.5 12.5 7.5 11.5 73.77

Steps of students’ mathematics problem-solving kills

- Understanding the problem 1.50 11 40.50 9 38 81.89

- Planning the solution 37.00 0 19 9.50 34.50 72.25

- Solving the problem 30.50 26 19 0 24.50 62.28

- Concluding/checking the answer 30 30.5 8 5.5 26 62.33

Learning styles

- Visual-Auditory (VA) 14 16 9 4.50 3 66.57

- Visual-Kinesthetics (VK) 3.50 5 14 2.50 8.50 69.35

- Auditory-Kinesthetics (AK) 0 1 2.50 3.50 13 92.54

Characteristics personality

- Dominance- Compliance (DC) 4.5 7.5 7 1 2.50 65.70

- Dominance-Influence (DI) 1.5 4 3.50 6 7 78.86

- Influence- Compliance (IC) 3 8 5.50 0.50 5.50 70.74

- Influence-Steadiness (IS) 2 2 4.50 0 2.50 69.39

- Steadiness-Compliance (SC) 4.5 2.5 5 2 8 77.65

problem-solving skills. In addition, 95% confidence level was used,

with a significance level of 5%. If the results of the t-test were higher

than those of the t-table, then there was a significant influence

between each of the independent and dependent variables. If t-test

results were less than t-table results, then there was no influence

between each of the independent and dependent variables.

Furthermore, analysis of variance (ANOVA) was conducted to

test the influences of learning style, personality characteristics, and

interaction between learning style and personality characteristics

on students’ mathematics problem-solving skills. If the results

of the F-test were higher than those of the F-table, then there

was a significant influence between each of the independent and

dependent variables. If F-test results were less than F-table results,

then there was no influence between each of the independent and

dependent variables.

The researchers also conducted further tests (post-hoc tests)

using t-tests if F-test results were higher than F-table results,

to identify which learning style, personality characteristics,

and interaction between learning style and personality

characteristics have influences on students’ mathematics

problem-solving skills.

4 Results

4.1 Students’ mathematics problem-solving
skills

As shown in Table 1, scores < 54 (10.5%) were categorized as

“very low;” scores between 54 and 64 (29%) as “low;” score between

65 and 79 (20.5%) as “moderate;” scores between 80 and 89 (15.5%)

as “high;” and scores >89 (24.5%) as “very high.” The mean value

of students’ mathematics problem-solving skills was 72.77, falling

under the “moderate” category. In total, 60.50% of students showed

“moderate” mathematics problem-solving skills or above. The

mean value of female students’ mathematics problem-solving skills

was higher than that of male students. The percentage of female and

male students with “moderate” mathematics problem-solving skills

or above was 31.50% and 29%, respectively. In addition, the mean

value of junior high school students’ mathematics problem-solving

skills was higher than that of elementary school students. The

percentage of junior high school and elementary school students

with “moderate” mathematics problem-solving skills or above was

31.50% and 29%, respectively.
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Among different stages in students’ mathematics problem-

solving skills, the highest mean value (81.89) was observed at the

“understanding the problem” stage. The percentage of students

(87.50%) with “moderate” mathematics problem-solving skills or

above at the “understanding problem” stage was higher than those

at the other three problem-solving stages. Furthermore, 1.50% of

students had a “very low” problem understanding (score <54);

11% had “low” problem understanding (score between 54 and 64);

40.50% had “moderate” problem understanding” (score between

65 and 79); 9% had “high” problem understanding (score between

80 and 89); and 38% had “very high” problem understanding

(score >89).

Based on students’ responses, 81.93% understood what was

known in questions; 81.87% understood what was asked in

questions; 71.31% understood what mathematical notation was

appropriate to use; 70.40% understood the requirements to solve

questions; 74% wrote the formula/pattern used to solve the

problem; 60.33% matched what was known and what was asked

in questions with the formula used; 64.28% used formulas to solve

problems by multiplying, dividing, subtracting, and/or adding; and

62.33% rechecked the answers made.

Furthermore, students’ mathematics problem-solving skills

varied depending on their learning style: AK students belonged to

the “very high” category (92.54) and VK and VA to the “moderate”

category (69.35 and 66.57, respectively). The percentage of VA, VK,

and AK students with “moderate” mathematics problem-solving

skills or above in every learning style was 16.50%, 25%, and 19%,

respectively, among the 200 respondents.

The personality characteristics of the students also influenced

their mathematics problem-solving skills, with DI, SC, IC, IS, and

DC students falling under the “moderate” category, with scores of

78.86, 77.65, 70.74, 69.39, and 65.70, respectively. The percentage

of DC, DI, IC, IS, and SC students with “moderate” mathematics

problem-solving skills or above was 10.50%, 16.50%, 11.50%, 7%,

and 15%, respectively.

4.2 Influence of gender and grade level on
students’ mathematics problem-solving
skills

As shown in Table 2, gender and grade level had no significant

influence on students’ mathematics problem-solving skills, with a

two-tailed p-value of 0.702 and 0.390, respectively, which are higher

than 0.05.

4.3 Influence of learning style, personality
characteristics, and interaction between
learning style and personality
characteristics on students’ mathematics
problem-solving skills

As shown in Table 3, learning style, personality characteristics,

and interaction between learning style and personality

characteristics had significant influences on students’ mathematics

TABLE 2 The influence of gender and grade level on the students’

mathematics problem-solving skills.

Results of the t-test: two-sample assuming equal
variances

1 2

Mean Male 72.333 Elementary school 71.613

Female 73.296 Junior high school 73.769

Variance Male 312.039 Elementary school 324.303

Female 314.481 Junior high school 301.695

Observations Male 110 Elementary school 93

Female 90 Junior high school 107

Pooled variance 313.136 312.199

Hypothesized Me
difference

0 0

Df 198 198

t Stat 0.383 0.861

P (T<=t) one-tail 0.351 0.195

t critical one-tail 1.653 1.653

P (T<=t) two-tail 0.702 0.390

t Critical two-tail 1.972 1.972

The influence of gender on the students’ mathematics problem-solving skills.

The influence of grade level on the students’ mathematics problem-solving skills.

problem-solving skills, with a two-tailed p-value of 0.000, 0.001,

and 0.000, respectively, which are lower than 0.05.

As shown in Table 4, AK learning style had a significant

influence on students’ mathematics problem-solving skills

compared with the other two learning styles (p-value of < 0.05 for

both AK vs. VK and AK vs. VA).

SC and DI personality characteristics showed significant

influences on students’ mathematics problem-solving skills with a

p-value < 0.05 while comparing DI vs. IS, DI vs. DC, DI vs. IC, and

SC vs. DC.

AK-SC and AK-DI interactions showed significant influences

on students’ mathematics problem-solving skills, with a p-value <

0.05, while comparing AK-SC interaction vs. VK-DC, VK-IC, VK-

IS, VK-SC, VA-DC, VA-SC, and VA-DI; and AK-DI interaction vs.

VK-DC, VK-IC, VK-IS, VA-DC, VA-SC, and VA-DI.

5 Discussion

The mean value of mathematics problem-solving skills among

female students was higher than that of male students. Female

students had sufficient conceptual understanding to transform

mathematical questions into more operational forms, but struggled

to identify appropriate concepts for problem-solving and to

integrate these concepts into mathematical calculations. In

contrast, male students showed superior abstraction power to

solve problems compared with their female counterparts (Azizah

et al., 2021). Female students in general paid attention to concrete,

practical, emotional, and personal things, whereas male students
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TABLE 3 The influence of the learning styles, personality characteristics, and the interaction between learning style and personality characteristics on

the students’ mathematics problem-solving skills.

No ANOVA: single factor

Source of variation SS df MS F P-value F-crit

1. Between groups 17,077.650 2 8,538.825 37.407 0.000 3.042

Within groups 44,969.240 197 228.2702

2. Between groups 5,365.329 4 1,341.332 4.615 0.001 2.418

Within groups 56,681.560 195 290.6747

3. Between groups 17,937.980 8 2,242.247 9.709 0.000 1.987

Within groups 44,108.910 191 230.9367

1. The influence of the learning styles on the students’ mathematics problem-solving skills.

2. The influence of the personality characteristics on the students’ mathematics problem-solving skills.

3. The influence of the interaction between learning style and personality characteristics on the students’ mathematics problem-solving skills.

TABLE 4 P-value of the learning style, the personality characteristics, and the interaction between learning style and personality characteristics.

Variables Learning
style (LS)

Personality characteristics (PC) Interaction between learning style and
personality characteristics (LS-PC)

VA VK AK DI IS SC DC IC VA-
DI

AK-
DI

VK-
IS

VA-
SC

VK-
SC

AK-
SC

VA-
DC

VK-
DC

VK-
IC

LS

VK 0.266 0.000∗

AK 0.000∗

PC

IS 0.038∗ 0.090 0.338 0.766

SC 0.757 0.001∗ 0.081

DC 0.000∗ 0.135

IC 0.032∗

LS-PC

AK-DI 0.000∗ 0.000∗ 0.000∗ 0.058 0.399 0.000∗ 0.000∗ 0.000∗

VK-IS 0.877 0.295 0.961 0.000∗ 0.326 0.534 0.766

VA-SC 0.209 0.593 0.000∗ 0.989 0.588 0.154

VK-SC 0.991 0.030∗ 0.629 0.727 0.954

AK-SC 0.000∗ 0.000∗ 0.000∗ 0.000∗

VA-DC 0.238 0.620 0.174

VK-DC 0.409 0.323

VK-IC 0.890

∗P-value < 0.05.

 : not tested/blanked.

 : same data on same variable.

 : variable constraint.

focused on things that were oriented intellectually, abstractly, and

objectively (Kusumawati and Nayazik, 2017).

In addition, the mean value of students’ mathematics problem-

solving skills was different at every problem-solving stage, with

the “understanding the problem” stage showing the highest

mean value, indicating that this stage often had a higher

success rate than others. Students tended to find it easier to

understand problems as this stage is the most basic cognitive,

which only requires identifying information and does not

require complicated mathematical manipulation (Riyadi et al.,

2021). In contrast, the “solving the problem” stage had the

lowest mean value, which indicates the challenges faced by

students in associating information with mathematical solutions.

Understanding a problem is the foundation of successful problem-

solving, but it does not always guarantee the appropriate solution

(Schoenfeld, 1985).
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Besides, gender had no significant influence on students’

mathematics problem-solving skills. This observation is in line

with the findings of previous studies (Afianty et al., 2018;

Amir, 2013; Barkatsas et al., 2019; Hyde et al., 2008). There

is no consistent evidence that biological gender differences

affect cognitive abilities, including mathematics problem-solving

(Zhang et al., 2018). Differences in academic achievement

between genders are more often attributable to variations in

learning strategies than to differences in cognitive abilities, such

as differentiated learning strategies, gender-equitable education,

and the REACT (relating, experiencing, applying, collaborating,

transferring) strategy (Nugraha et al., 2019). Differentiated learning

is a strategy in which the learning needs of each student based

on gender, learning styles, and personality characteristics are

taken into account, so that they can learn effectively. Higher

levels of student education are associated with higher levels of

success in solving mathematics problems although the difference

is not statistically significant. This finding is in line with Piaget’s

cognitive development theory (Piaget, 1972), which states that

junior high school students generally reach the formal operational

stage, so they are better equipped to think abstractly. Students from

different education levels have not shown much different learning

experiences in terms of developing problem-solving skills (Stigler

and Hiebert, 1999).

Furthermore, AK learning style showed a significant

influence on students’ mathematics problem-solving skills,

which was dependent on a combination of hearing and direct

experience to understand mathematical concepts and actively

build new knowledge through exploration and social discussion

(Safira et al., 2024; Sari and Pujiastuti, 2020; Abouzeid et al.,

2021; Widodo, 2016). Regarding multisensory learning, AK

students simultaneously use different senses, namely hearing

and movement, which can improve understanding (Meilina

et al., 2023). Thus, AK learning style is effective in improving
students’ problem-solving skills and allows them to be more

flexible in understanding and processing information (Pratikno

and Retnowati, 2018; Dryden and Vos, 1999; Fleming and Baume,

2006).

Moreover, SC and DI personality characteristics showed

significant influences on students’ mathematics problem-solving
skills (Rohati, 2014; Syafmen, 2013; Brandt et al., 2020; Lee and

Wu, 2022). SC students show a superior, systematic, and thorough

approach to solving problems (Kipman et al., 2022), which is very

helpful in solving mathematics problems. They use a rule-based

and logical approach and are patient in double-checking answers.
DI students tend to have creativity and courage in trying different

problem-solving strategies (Costa and McCrae, 2008). They have

the ability to think non-linearly and innovatively, dare to take
risks in exploring alternative methods, have high self-confidence

in making decisions, and tend to be more proactive in seeking

solutions (Kipman et al., 2022). Those who are open to experience

and have a high work focus tend to be more successful in
completing complex tasks (Costa and McCrae, 2008).

Finally, AK-SC and AK-DI interactions showed significant

influences on students’ mathematics problem-solving skills because

these students had stable or innovative personalities (Abouzeid

et al., 2021; Brandt et al., 2020; Lee and Wu, 2022; Stajkovic

et al., 2018; Vedel, 2014; Zhang and Ziegler, 2015). Both

AK-SC and AK-DI students like to think about solving problems

although AK-DI students think more creatively and like newer

things compared with AK-SC students, whose thinking is more

procedural and systematic.

Thinking requires memory to access stored information and

is a broader cognitive process. Cognitive load can increase the

efficiency of information processing when learning style and

personality are aligned (Sweller, 1988; Mayer and Moreno, 2003).

Working memory is the ability to maintain numbers or formulas in

mind while solving problems (Baddeley, 2000). Cognitive flexibility

is the ability to change strategies when facing obstacles in problem-

solving (Diamond, 2013). Metacognition is the ability to realize

mistakes and organize more effective learning strategies (Flavell,

1979).

Cognitive flexibility, working memory, and metacognition are

highly likely to be potential mediating factors in enabling children

to switch strategies effectively and to be aware of their thinking

processes while evaluating problem-solving strategies.

6 Conclusion

In this study, students showed “moderate” mathematics

problem-solving skills, with a score of 72.77, with 60.50% of

students belonging to the “moderate” category of mathematics

problem-solving skills or above.

Gender and grade level had no significant influence on

students’ mathematics problem-solving skills, whereas learning

style, personality characteristics, and interaction between learning

style and personality characteristics showed significant influences.

In addition, AK learning style had a significant influence

on students’ mathematics problem-solving skills. Similarly, SC

and DI personality characteristics had a significant influence on

students’ mathematics problem-solving skills. Furthermore, AK-SC

and AK-DI interactions showed significant influences on students’

mathematics problem-solving skills.

7 Implications and contributions of
this study to the field

The findings of this study provide educators with the

knowledge on experiential learning and social interaction

approaches (such as discussion, concrete manipulatives, open-

ended problem-solving, and direct exploration) to support

students with AK and DI personality styles. Students with SC and

DI personalities need to be given more complex problem-solving

challenges. DC students need to be trained to be more flexible in

thinking. Through personalized learning based on their learning

styles and personalities, students’ effectiveness in mathematics

learning as a whole can be improved.

Teachers need to understand and recognize the diverse learning

styles and personalities of students so that they can adjust their

teaching to match various student needs. Training should be

provided to teachers that focuses on helping students who have

difficulty in the transition from understanding the problem to

solving the problem.
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TABLE 5 An overview of the implementation of a di�erentiated learning strategy based on students’ learning styles and personality characteristics for

the material “fraction.”

Students’ learning
style and personality
characteristics

Students’ traits and
characteristics

Teacher’s activities: core activities of learning

Content di�erentiation Process
di�erentiation

Product
di�erentiation

AK-SC - Focus more on listening and
hands-on activities
- Like to think and analyze
- Take a lot of time when
working
- Do procedural and
systematic work
- Work in totality

- The teacher designs the learning
material “fraction” in the form of a
video and prepares concrete objects
such as pizza slices, square plywood
pieces, or A4/F4 paper pieces as
students’ hands-on activities
- The teacher designs mathematics
problem-solving questions and four
steps to solve them as students’
learning activities

- The teacher distributes the
video and concrete objects to
them to observe, as well as the
mathematics problem-solving
questions to solve
- The teacher gives directions
and explanations regarding
what the students should do:
e.g., observing the video and
doing hands-on activities with
the concrete objects

Students’ answers
related to solving
mathematical
problem-solving
questions according
to the four steps of
solving them

AK-DI - Focus more on listening and
hands-on activities
- Like to give instructions
- Work things out in their
own way
- Like new things
- Like to solve problems
- Be result-oriented rather
than process-oriented

- The teacher designs the learning
material “fraction” in the form of a
video and prepares concrete objects
such as pizza slices, square pieces of
plywood, or A4/F4 pieces of paper as
students’ hands-on activities
- The teacher designs mathematics
problem-solving questions and four
steps to solve them, which are designed
not too detailed to be solved as students’
learning activities

- The teacher distributes the
video and concrete objects to
them to observe, as well as the
mathematics problem-solving
questions to be solved
- The teacher gives directions
and explanations and asks one
of the students to act as a
tutor to direct his/her group
regarding what the students
should do: e.g., observing the
video and doing hands-on
activities with the concrete
objects
- The teacher emphasizes that
student groups can work on
the problems in their own way
in each of the four stages
of problem-solving

More variations in
students’ answer
sheets in relation to
solving
mathematics
problem-solving
questions

VK-IS . . . . . . . . . . . . . . . .

VA-SC . . . . . . . . . . . . . . . .

and so on. . . . . . . . . . . . . . . . . . . .

By understanding students’ learning styles, teachers can

apply appropriate learning strategies. For example, cooperative

learning, differentiated learning, and inquiry learning are

suitable for students with the kinesthetics learning style,

and expository learning for those with visual and auditory

styles. Visual learning uses concept maps, diagrams, videos,

infographics, and visual presentations, auditory learning uses

vocals and music while learning, whereas kinesthetics learning uses

laboratory experiments.

Depending on students’ personality characteristics, teachers

can adapt the following learning strategies: dominance: be more

democratic, such as giving students the opportunity to choose tasks;

influence: involve creative elements such as stories, games, and

art projects; steadiness: design lessons with clear time allocations,

structured objectives, detailed activities, and a calm rhythm; and

compliance: explain the subject matter in detail and completely, if

needed, using data and facts.

This study contributes to the expansion and strengthening

of the existing theoretical frameworks for improving the quality

and effectiveness of more personalized teaching strategies.

Strengthening learning style theories through active experiential

learning can improve cognitive skills. Personality plays a crucial

role in education, especially in problem-solving. In addition,

interaction between cognitive and affective factors helps improve

the understanding of effective ways of teaching mathematics.

To understand how research findings can be implemented

in the learning process, an overview of the implementation of

differentiated learning based on students’ learning styles and

personality characteristics is presented in Table 5. As shown in

the table, may be nine groups of students’ learning styles and

personality characteristics in one class, as in this study, more than

nine groups, or <9 groups, all of which should be accommodated

by the teacher. For simplicity, only two groups (AK-SC and

AK-DI) are included in the table. The learning activities are

grouped into three activities, namely introduction, core, and

closing activities. Differentiated learning focuses on core learning

activities, namely content differentiation, process differentiation,

and product differentiation, which are designed based on the traits

and characteristics of AK-SC and AK-DI students, as explained in

the “Literature Review” section.

The most prominent difference between AK-DI and AK-

SC students is that the former are more creative in solving

mathematics problem-solving questions than the latter, so the

process of solving (process differentiation) is more interactive
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in group discussions among the former. In addition, the

answers to the problem-solving questions are more varied among

AK-DI students.

8 Limitations

This study investigated the influence of learning style and

personality characteristics on problem-solving skills, and the

findings may vary if dependent variables such as creativity skills,

communication skills, and academic performance are included.

This study only analyzed students’ mathematics problem-

solving skills based on their learning styles and personality

characteristics and did not investigate their mathematics problem-

solving skills at each stage for all learning styles and personality

characteristics. The sample included only students in primary

education, and hence, the findings cannot be generalized to

students in high school or university. Future studies need to include

different samples such as high school or college students.
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