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Abstract - Mathematical thinking ability is an essential component of physics learning because many 

physical phenomena are represented through mathematical models and systems of equations. However, 

students often have difficulty solving fixed-pulley system problems because they must simultaneously 

interpret physical concepts and solve systems of linear equations with multiple variables. This study aimed 

to analyze the application of the Gauss-Jordan elimination method in learning fixed pulley systems and to 

examine its effect on mathematical thinking ability, learning outcomes, and student responses. The study 

employed a quantitative approach with a posttest-only control-group quasi-experimental design. The 

participants comprised 130 respondents across two educational levels: 61 university students from the 

Physics Education Study Program at the University of Jember and 69 eleventh-grade students from SMAN 

3 Jember. The experimental class was taught using the Gauss-Jordan elimination method, while the control 

class was taught using the substitution-elimination method. Data were collected through essay tests, 

learning outcome tests, and response questionnaires, and analyzed using the Independent Samples t-test 

and the Mann-Whitney U test, depending on the data distribution. The results showed that among school 

students, significant differences were found in the indicators of specializing (0.016), generalizing (0.001), 

and conjecturing (0.031), but not in convincing (0.468). Among university students, significant differences 

were found across all mathematical thinking indicators: specializing (0.007), generalizing (0.000), 

conjecturing (0.018), and convincing (0.004). Learning outcomes also differed significantly for both 

university students (0.000) and school students (0.010). In addition, student responses to the method's 

implementation were positive, averaging 71%. The novelty of this study lies in the integration of the Gauss-

Jordan elimination method as a structured mathematical procedure in solving fixed pulley system problems 

in physics learning across two educational levels. In conclusion, the Gauss-Jordan elimination method can 

serve as an alternative instructional strategy that supports mathematical thinking, improves learning 

outcomes, and strengthens the connection between physical concepts and mathematical representations, 

thereby contributing to more systematic and meaningful physics education.   
 
Keywords: fixed pulley; Gauss-Jordan elimination; learning outcomes; mathematical thinking; physics 

education. 
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I. INTRODUCTION 

The demands of the 21st century require education to focus not only on content mastery 

but also on the development of higher-order thinking skills and learners’ character. Accordingly, 

https://journal.unismuh.ac.id/index.php/jpf
mailto:maryani.fkip@unej.ac.id


Maryani et al. | JPF | Volume 14 | Number 2 | 2026 | 295 - 316 

296 

 
21st-century learning is positioned as a strategic approach for fostering moral development, 

intellectual capacity, and essential competencies such as critical thinking, creativity, problem-

solving, knowledge construction, and deep mastery of the subject matter (Syahputra, 2024). 

Mastery of these competencies is an important foundation for enhancing students’ 

competitiveness, particularly in responding to the demands for high-quality human resources in 

the global era (Kamil, 2023). To achieve this, education needs to direct learning toward 

approaches that strengthen students’ reasoning abilities by emphasizing not only final answers 

but also the thinking processes involved in learning (Armelia & Ismail, 2021). One of the essential 

skills aligned with these demands is mathematical thinking ability, which plays an important role 

in fostering systematic ways of thinking among students (Rizki & Priatna, 2019). 

Mathematical thinking ability refers to the capacity to use reasoning to formulate 

arguments, design strategies or solution methods, understand content, and communicate ideas 

through mathematical approaches (Rahayu et al., 2022). This ability plays an important role in 

learning because it helps students understand problems and identify appropriate solutions 

(Shidqiya & Sukestiyarno, 2022). Activities involved in mathematical thinking include exploring, 

questioning, working systematically, visualizing, connecting concepts, explaining, generalizing, 

reasoning, and proving. Therefore, mathematical thinking reflects students’ mental activity in 

solving problems and is inseparable from the learning process, substantially affecting their 

learning outcomes (Devlin, 2021). 

Physics and mathematics are closely interconnected, as almost all concepts in physics are 

expressed through mathematical models and equations. Previous studies confirm that learning 

physics through mathematical modeling can improve students’ understanding of physics 

concepts. According to Baran-Bulut and Yüksel (2023) and Patero (2023), incorporating 

mathematical modeling into physics instruction can significantly improve learning outcomes. 

Difficulties in understanding physics are often associated with weak mastery of the mathematical 

concepts and symbols embedded in physics formulas (Piramanayagam et al., 2024). This indicates 

that mathematical competence is not merely supportive but fundamental to comprehensively 

understanding and applying physics concepts. 

One topic in physics that is often considered difficult is the application of Newton’s laws 

in motion dynamics. Understanding Newton’s law of motion dynamics requires students to first 

master the concepts of velocity and acceleration (Alarabi et al., 2022). Dharma et al. (2025) 

reported that students’ mastery of fixed-pulley-system material remains low, as evidenced by 

numerous errors when solving related problems. Rohmawati et al. (2023) also found that students’ 

learning outcomes on pulley system material were still at a moderate level. In addition, Mulyastuti 

et al. (2019) found that students’ ability to complete mathematical procedures on fixed pulley 
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system material reached only 35.2%. These findings indicate that the pulley system remains 

challenging for students and that more systematic problem-solving methods are needed in physics 

learning. 

In many classroom practices, students tend to rely on direct formula substitution without 

fully understanding the mathematical structure of the equations derived from physical principles 

(Bowers et al., 2024; Zhao & Schuchardt, 2021). When analyzing fixed pulley systems, students 

must simultaneously consider several physical quantities, such as tension, acceleration, torque, 

and rotational motion. These relationships often produce a system of linear equations with 

multiple variables that students must solve to determine the correct physical quantities. However, 

many students have difficulty handling multiple equations simultaneously, leading to procedural 

errors and incorrect reasoning during problem solving (Suryanti et al., 2024; Wahab et al., 2024). 

As a result, students may understand the physical concepts at a conceptual level but still fail to 

translate them accurately into mathematical solutions. 

The persistent difficulties in understanding pulley systems highlight the importance of 

applying appropriate problem-solving methods to improve physics learning outcomes. Students’ 

responses in previous studies suggest that applying mathematical methods to solve pulley system 

problems is associated with a positive trend toward improved mathematical thinking ability and 

learning outcomes (Supriadi et al., 2025). One study by Ni’mah et al. (2025) showed that the use 

of mathematical methods, such as Cramer’s rule, obtained a positive student response of 82.14% 

in solving physics problems involving systems of linear equations (LES). This suggests that 

structured mathematical methods can help students understand the problem-solving process more 

logically and systematically. Furthermore, Arefin (2021) stated that the Gauss elimination method 

is more effective in solving LES than the inverse matrix method. Therefore, mathematical 

methods can be applied as alternative approaches for solving physics problems expressed in the 

form of LES. 

The analysis of motion in a fixed pulley system with mass involves physical quantities such 

as torque, moment of inertia, and angular acceleration (Escalona & Mohammadi, 2022). In a fixed 

pulley system, the forces acting on the system must also satisfy the principles of Newton’s law 

(Oliveira & Lemos, 2018). The application of Newton’s law in rotational motion is used to 

determine the relationship among torque, moment of inertia, and angular acceleration (Nugraha, 

2019). By applying these principles to a fixed pulley system, a system of three linear equations is 

obtained. 

𝑘1𝑥 + 𝑙1𝑦 + 𝑚1𝑧 = 𝑛1 (1) 

𝑘2𝑥 + 𝑙2𝑦 + 𝑚2𝑧 = 𝑛2 (2) 

𝑘3𝑥 + 𝑙3𝑦 + 𝑚3𝑧 = 𝑛3 (3) 
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In general, LES is commonly solved using the substitution-elimination method (Fadhilah 

et al., 2021). However, this method becomes less efficient for systems with more than two 

variables because it requires repeated substitutions and sequential elimination steps (Indriati, 

2019). Rahma et al. (2020) also explained that solving multivariable linear equations using 

substitution methods often leads to calculation errors and longer procedures, especially when 

students must manipulate several equations simultaneously. Consequently, students may focus 

more on computational procedures than on understanding the relationships among physical 

quantities. Therefore, an alternative solution method that is more systematic and efficient for 

solving complex LES is needed. One matrix algebra method used to solve LES is Cramer’s rule, 

which determines the solution through matrix determinants (Saquin & Ancog, 2025). Another 

alternative is the Gauss-Jordan elimination method, which applies elementary row operations 

(ERO) until the matrix reaches reduced row echelon form. 

One of the matrix algebra methods for solving LES is Gauss-Jordan elimination. Batarius 

& Samane (2021) stated that the Gauss-Jordan elimination method is effective for solving LES 

with more than two variables. The method also provides a structured solution procedure for 

solving complex linear equations (Ni’mah et al., 2025). According to Singh (2021), the stages of 

solving LES using the Gauss-Jordan elimination method are as follows: 

(1) Convert LES (equations 1, 2, 3) to matrix multiplication equations  

𝐴𝜑 = 𝐷                       (4) 

with 𝐴 = [

𝑘1 𝑙1 𝑚1
𝑘2 𝑙2 𝑚2
𝑘3 𝑙3 𝑚3

] ;  𝜑 = [
𝑥
𝑦
𝑧
]  𝑎𝑛𝑑 𝐵 = [

𝑛1
𝑛2
𝑛3
]  

(2) Converting equation (4) into an Augmented matrix 

    [

𝑘1 𝑙1 𝑚1
𝑘2 𝑙2 𝑚2
𝑘3 𝑙3 𝑚3

|

𝑛1
𝑛2
𝑛3
] (5) 

(3) Through elementary line operations, convert the Augmented matrix into a reduced line 

echelon matrix 

    [

𝑘1 𝑙1 𝑚1
𝑘2 𝑙2 𝑚2
𝑘3 𝑙3 𝑚3

|

𝑛1
𝑛2
𝑛3
] → [

1 0 0
0 1 0
0 0 1

|

𝑟1
𝑟2
𝑟3
] (6) 

(4) Concluding the results of the Gauss-Jordan elimination, namely:  

    𝑥 = 𝑟1, 𝑦 = 𝑟2,                 (7) 

 

Although Gauss-Jordan elimination is widely used in mathematics and engineering, its 

application as a structured problem-solving strategy in physics education, particularly for solving 



Maryani et al. | JPF | Volume 14 | Number 2 | 2026 | 295 - 316 

299 

 
fixed-pulley system problems, has received limited attention. Most physics instruction still 

emphasizes formula-based approaches rather than integrating systematic mathematical 

procedures to solve equations derived from physical models. This indicates a gap between 

mathematical methods that can support structured reasoning and their implementation in physics 

education. 

Therefore, integrating the Gauss-Jordan elimination method into physics problem solving 

may help students understand both the mathematical structure of equations and the physical 

relationships involved in pulley systems. By applying this method, students are expected to 

develop more systematic mathematical thinking while solving physics problems involving 

multiple variables. Accordingly, this study aims to analyze the application of the Gauss-Jordan 

elimination method in learning fixed pulley systems and to examine its influence on students’ 

mathematical thinking ability, learning outcomes, and learning responses. 

 

II. METHODS 

This study employed a quantitative approach with a posttest-only control-group quasi-

experimental design. This design was selected to examine the application of the Gauss-Jordan 

elimination method in the experimental class and the substitution-elimination method in the 

control class. The study involved participants from two educational levels, with a total sample of 

130 respondents: 61 students from the Physics Education Study Program at the University of 

Jember and 69 eleventh-grade students from SMAN 3 Jember. Sampling was conducted using a 

random sampling technique to ensure that the control and experimental classes had equivalent 

initial ability characteristics. The Gauss-Jordan elimination method study procedure, as illustrated 

in Figure 1. 
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Figure 1. The Gauss-Jordan elimination method study procedure 

 

During the implementation phase, the Gauss-Jordan method was applied in the 

experimental class through active-learning interactions focused on strengthening understanding 

of mathematical algorithms in a physics context. Participants were guided to model the physical 

forces in a fixed pulley system using Newton’s Second Law to formulate a system of linear 

equations, which was then transformed into an augmented matrix. Classroom activities were 

conducted through guided exercises in which students independently practiced elementary row 

operations (ERO) on their worksheets. This process was intended to develop structured and 
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precise logical thinking, thereby helping learners manage the complexity of variables in pulley 

systems, which are often difficult to solve using the substitution-elimination method. 

The instrument used to measure mathematical thinking ability was an essay test developed 

based on four key indicators proposed by Mason, namely: (1) specializing, (2) generalizing, (3) 

conjecturing, and (4) convincing (Stacey, 2006). The test results and questionnaire responses were 

analyzed using descriptive and inferential statistics. Prior to hypothesis testing, prerequisite tests 

were conducted, including the Shapiro-Wilk normality test and the homogeneity-of-variance test. 

Because the data distribution varied, this study employed two statistical approaches. The 

Independent Samples t-test was used for normally distributed data, whereas the Mann-Whitney 

U test was used for non-normally distributed data as a non-parametric alternative. The Mann-

Whitney U test was used due to its robustness to skewed data distributions, enabling statistically 

valid and accurate comparisons between groups to draw research conclusions. 

In addition to examining the effect of the Gauss-Jordan elimination method on 

mathematical thinking ability and learning outcomes, this study administered a questionnaire on 

the application of the Gauss-Jordan elimination method to rotational dynamics problems. The 

questionnaire consisted of five indicators: interest, motivation, engagement, satisfaction, and 

feedback (Kartini & Putra, 2020). The criteria used to score the responses are presented in Table 

1. 

Table 1. Response outcome criteria 

Criteria Score 

Strongly agree 5 

Agree 4 

Undecided 3 

Disagree 2 

Strongly disagree 1 

 

The results of the student response questionnaire were converted into percentages using 

Equation (8) and then classified according to the response percentage categories shown in Table 

2. 

Percentage =
total score obtained

maximum score
× 100%   (8) (Ilyas & Liu, 2019) 

 

Table 2. Percentage categories of response results 

Percentage Category 

80% < P ≤ 100% Very positive 

60% < P ≤ 80% Positive 

40% < P ≤ 60% Moderately positive 

20% < P ≤ 40% Somewhat positive 

0% < P ≤ 20% Not positive 

Source: (Herliana et al., 2025) 
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III. RESULTS 

To solve problems involving a fixed pulley system, Newton’s second law for translational 

motion, ∑𝐹 = 𝑚𝑎, and the rotational dynamics equation, ∑𝜏 = 𝐼𝛼, were applied. As an example, 

two blocks with masses 𝑚1 = 6kgs and 𝑚2 = 3kgs are connected by a massless string passing 

over a fixed pulley. The pulley is assumed to be a solid thin cylinder with a mass of 𝑀 = 2kg, 

and the gravitational acceleration is 𝑔 = 10 m/s
2
. To determine the objects' accelerations and the 

rope's tensions, a free-body diagram was first constructed, as shown in Figure 3. 

 

 

 

 

 

 

 

 

Figure 3. Free-body diagram 

 

Based on the free-body diagram, the following system of linear equations (LES) was 

obtained: 

i. Blocks 1:𝑇1 + 6𝑎 = 60 (9) 

ii. Blocks 2: 𝑇2 − 3𝑎 = 30 (10) 

iii. Pulley: 𝑇1 − 𝑇2 − 𝑎 = 0 (11) 

The LES in Equations (9), (10), and (11) was solved using the Gauss-Jordan elimination 

method through the following stages. 

a. The LES was converted into a matrix multiplication equation  𝐴𝜑 = 𝐷  

[
1 0 6
0 1 −3
1 −1 −1

] [
𝑇1
𝑇2
𝑎
] = [

60
30
0
] (12) 

with 𝐴 = [
1 0 6
0 1 −3
1 −1 −1

] , 𝜑 = [
𝑇1
𝑇2
𝑎
],  and 𝐷 = [

60
30
0
] 

 

b. Equation (12) was written in the form of an augmented matrix:. 

[
1 0 6
0 1 −3
1 −1 −1

|
60
30
0
] (13) 
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c. Through elementary row operations (ERO), the augmented matrix was transformed into a 

reduced row echelon matrix: 

[
1 0 6
0 1 −3
1 −1 −1

|
60
30
0
]
𝑏3− 𝑏1
→    [

1 0 6
0 1 −3
0 −1 −7

|
60
30
−60

]
𝑏3+𝑏2
→   [

1 0 6
0 1 −3
0 0 −10

|
60
30
−30

] 

Multiply row 3 by (−
1

10
) to obtain: 

[
1 0 6
0 1 −3
0 0 1

|
60
30
3
]
𝑏2+3𝑏3
→    [

1 0 6
0 1 0
0 0 1

|
60
39
3
]
𝑏1−6𝑏3
→    [

1 0 0
0 1 0
0 0 1

|
42
39
3
]  (14) 

d. Using the definition in Equation (7), the solution is obtained as follows: 

𝑇𝐴 = 42 𝑁, 𝑇𝐵 = 39 𝑁, 𝑎𝑛𝑑 𝑎 = 3 𝑚/𝑠
2 (15) 

 

Mathematical thinking ability 

In this study, mathematical thinking ability was examined through four indicators: 

specializing, generalizing, conjecturing, and convincing. A summary of the mathematical 

thinking ability scores of school students and university students is presented in Table 3. 

Table 3. Mathematical thinking ability scores 

Indicator 

Students University students 

Control class Experiment class Control class Experiment class 

Score Mean Score Mean Score Mean Score Mean 

Specializing 364 10.70 434 12.40 356 11.86 440 14.19 

Generalizing 400 11.70 466 13.30 239 7.96 362 11.67 

Conjecturing 354 10.40 433 12.40 188 6.26 263 8.48 

Convincing 149 4.38 176 5.03 93 3.10 188 6.06 

 

Based on Table 3, the mathematical thinking ability scores of students and university 

students in the control and experimental classes are presented for each indicator. Before analyzing 

the differences between the two classes, a normality test was conducted. The results showed that 

the mathematical thinking ability data for school students were not normally distributed, with a 

significance value of less than 0.05. In contrast, the data for university students were normally 

distributed, with a p-value greater than 0.05. Therefore, the Mann-Whitney U test was used for 

the student group, while the Independent Samples t-test was used for the university student group. 

The results of the Mann-Whitney U test for each indicator of students’ mathematical 

thinking ability are presented in Table 4. 

Table 4. Mann-Whitney U test results for each indicator of students’ mathematical thinking 

ability 

Indicator Mann-Whitney U Wicolxon W Z Asymp. Sig. (2-tailed) 

Specializing 397.500 992.500 -2.412 .016 

Generalizing 326.000 921.000 -3.320 .001 

Conjecturing 416.500 1011.500 -2.163 .031 

Convincing 535.000 1130.000 -.726 .468 
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The results of the Independent Samples t-test for each indicator of university students’ 

mathematical thinking ability are presented in Table 5. 

Table 5. Independent samples t-test results for each indicator of university students’ mathematical 

thinking ability 

Indicator t df Sig. (2-tailed) Mean difference 

Specializing -2.835 39.544 .007 -2.327 

Generalizing -4.946 58.741 .000 -3.711 

Conjecturing -2.437 58.477 .018 -2.217 

Convincing -2.998 58.011 .004 -2.965 

 

Based on Table 4, the indicators of specializing, generalizing, and conjecturing obtained 

Asymp. Sig. (2-tailed) values < 0.05, indicating significant differences between the control and 

experimental classes for these three indicators. However, the convincing indicator obtained an 

Asymp. Sig. (2-tailed) value greater than 0.05, indicating no significant difference between the 

two classes for this indicator. Based on Table 5, all four indicators had p-values < 0.05, indicating 

significant differences between the control and experimental classes for university students. 

 

IV. DISCUSSION 

Specializing 

The specializing indicator refers to the ability of students and university students to 

understand information and analyze problems (Delima et al., 2021). The statistical results 

presented in Tables 4 and 5 indicate a significant difference in this indicator between the control 

and experimental classes. The students’ work is shown in Figure 4. 

  
(a) Results of work on the control class 

by AR 

(b) Results of work on the experimental class 

by WA 

 

Figure 4. Results of the specializing indicator 

 

Figure 4 shows a clear difference in problem-solving performance between the control and 

experimental classes. In part (a), students and university students in the control class wrote only 
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part of the known and required information, which did not clearly identify what was being asked 

in the problem. This may be because they were not accustomed to writing the known and required 

information completely before beginning the solution process. In contrast, in part (b), students 

and university students in the experimental class wrote the known and required information more 

completely. Learners in the experimental class demonstrated greater awareness of the importance 

of including all relevant information to better understand the problem and to support a more 

systematic solution process in subsequent stages. 

These findings have important implications for physics learning, particularly in problem 

solving. Clearly, writing down the known and required information is an essential initial step, as 

it helps students understand the problem's conditions before carrying out mathematical modeling. 

These findings are consistent with Haratua & Sirait (2016), who reported that students 

accustomed to writing known and required information before performing calculations tend to 

demonstrate a better understanding of the relationship between physics concepts and their 

mathematical representations. 

Generalizing 

The generalizing indicator concerns students' ability to transform problems into appropriate 

mathematical representations, such as free-body diagrams and systems of linear equations 

(Yenilmez et al., 2022). The statistical results presented in Tables 4 and 5 indicate a significant 

difference in the generalizing indicator between the control and experimental classes. The 

students’ work is shown in Figure 5. 

 

 

(a) Results of work on the control class 

by BPPK 

(b) Results of work on the experimental class by 

MARP 

 

Figure 5. Results of the generalizing indicator 
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Based on Figure 5, there is a clear difference in the solution process between the control 

and experimental classes. In part (a), students and university students in the control class tended 

to omit the representation stage in the form of a free-body diagram or LES and directly applied 

the final formula. This indicates reliance on direct formula use without first constructing a 

mathematical model of the problem. In contrast, in part (b), students and university students in 

the experimental class were consistently guided to represent the problem mathematically by 

drawing the direction of forces in the free-body diagram and formulating an LES as the basis for 

the solution. 

This difference indicates that using the Gauss-Jordan elimination method can help students 

generalize relationships among physical quantities into a more structured mathematical model 

before performing mathematical manipulations. These findings suggest that mathematical 

modeling in physics learning helps students understand the relationship between concepts and 

mathematical representations more deeply. The results are consistent with Maries and Singh 

(2023), who showed that using free-body diagrams and other visual representations when solving 

force-related problems can improve students’ success by helping organize physical information 

more systematically. Similarly, Sirnoorkar et al. (2023) found that diagrammatic representations 

in physics problem solving can improve the quality of students’ reasoning and problem-solving 

strategies. In addition, Sirait et al. (2025) emphasized that modeling and mathematical 

representation are essential components of developing physics problem-solving ability. 

Conjecturing 

The conjecturing indicator relates to students' ability to formulate the steps required to solve 

a problem (Yamin et al., 2022). The statistical results presented in Tables 4 and 5 indicate a 

significant difference in the conjecturing indicator between the control and experimental classes. 

The students’ work is shown in Figure 6. 

 

 

(a) Results of work on the control 

class by APNP 

(b) Results of work on the experimental class by IFH 

Figure 6. Results of the conjecturing indicator 
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Based on Figure 6, there is a noticeable difference in the solution process between the 

control and experimental classes. In part (a), students and university students in the control class 

tended to solve the problem by directly applying formulas. This approach causes learners to 

depend on memorized formulas, so when they encounter variations of pulley-system problems, 

they may lose direction if the memorized formula does not match the modified problem. In 

contrast, in part (b), students in the experimental class applied the Gauss-Jordan elimination 

method, which provides a consistent procedure for solving various problem types by transforming 

the system of equations into reduced row echelon form without requiring back substitution. 

This finding is consistent with Rahma et al. (2020), who stated that the Gauss-Jordan 

elimination method allows the values of the variables to be determined directly, without the 

need for back substitution, thereby making the solution process more systematic and structured. 

Through this method, students first construct the mathematical relationships among forces as a 

system of linear equations, then perform elimination to determine the variables' values. This 

procedure helps them analyze relationships among variables in a more structured way, enabling 

them to carry out problem-solving steps logically and systematically. Furthermore, Musengimana 

et al. (2025) showed that applying systematic physics problem-solving strategies can help 

students organize solution steps in a structured manner, enabling them to plan the process more 

effectively and connect relevant physics concepts with appropriate procedures. These findings 

indicate that the Gauss-Jordan elimination method can support conjecturing ability by providing 

a clear, structured, and systematic framework for developing problem-solving strategies. 

Convincing 

The convincing indicator pertains to students' ability to present conclusions based on the 

final results of problem-solving (Hamidah & Suherman, 2016). The statistical results in Table 4 

show that, at the school-student level, there is no significant difference between the control and 

experimental classes, whereas Table 5, at the university-student level, shows a significant 

difference. The students’ work is presented in Figure 7. 

 

 
(a) Results of work on the control class by SS and the experimental class by VSAE 
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(b) Results of work on the control class by IFH and the experimental class by HN 

Figure 7. Results of the convincing indicator 

 

Based on Figure 7, part (a) shows that the work of school students in both the control and 

experimental classes does not differ substantially; students in both groups similarly wrote final 

conclusions based on their calculation results. This indicates that the ability to write conclusions 

had already emerged in both groups, so the treatment did not produce a significant effect on the 

convincing indicator. In contrast, part (b) shows a difference at the university-student level. 

University students in the control class tended to underline the final result without providing an 

explicit concluding statement, whereas those in the experimental class wrote the conclusion more 

completely. 

In this study, the convincing indicator was the lowest among all mathematical thinking 

indicators because students and university students rarely wrote explicit conclusions. This 

condition suggests that convincing ability is influenced not only by mathematical solution 

procedures but also by learners’ habits in communicating the results of their calculations. This 

finding is supported by Supriadi et al. (2025), who also found that the convincing indicator was 

the lowest component of mathematical thinking ability relative to the other indicators. 

Overall, the results show significant differences in mathematical thinking ability between 

the control and experimental classes for both school students and university students. These 

findings indicate that learning supported by systematic and structured solution procedures plays 

an important role in developing mathematical thinking ability. By applying the Gauss-Jordan 

elimination method, students are directed to solve problems sequentially at each stage, allowing 

their mathematical thinking and accuracy to develop more effectively. This is in line with Midgett 

and Eddins (2001), which states that systematic and structured problem-solving strategies can 

develop higher-order thinking skills and strengthen connections between mathematical concepts. 

In addition, Kumari and Poonia (2021) stated that the Gauss-Jordan elimination method has a 

systematic solution procedure, thereby supporting mathematical thinking in a more directed 

manner. Similarly, Puspitasari et al. (2018) stated that strong mathematical thinking is reflected 

in fluency, flexibility, and originality in problem solving. 
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Learning outcomes 

In addition to assessing mathematical thinking ability in fixed-pulley system problems, this 

study analyzed differences in learning outcomes between the Gauss-Jordan elimination method 

and the substitution-elimination method across educational levels. A summary of the learning 

outcome data is presented in Table 6. 

Table 6. Learning outcome data 

Group Class Sample size Maximum score Total score Average 

Students 
Control 34 3400 2146.67 63.137 

Experimental 35 3500 2480.00 70.857 

University 

students 

Control 30 3000 1486.70 49.556 

Experimental 31 3100 2043.30 65.914 

 

Based on Table 6, the average learning outcome scores in the experimental class were 

higher than those in the control class for both groups. This finding indicates a positive trend in 

the use of the matrix-based method to help students, including university students, organize 

solutions to physics problems. Before testing the hypothesis, a normality test was conducted using 

the Shapiro-Wilk test. The results showed that the university-student data were normally 

distributed, so the analysis proceeded with the parametric Independent Samples t-test, as shown 

in Table 7. In contrast, the school-student data were not normally distributed, so a non-parametric 

analysis was performed using the Mann-Whitney U test, shown in Table 8. 

Table 7. Independent samples t-test of university students’ learning outcomes 

Learning 

outcomes  

t df Sig. (2-tailed) Mean difference 

-4.050 58.937 .000 -16.401 

Based on the analysis in Table 7, a significance value of 0.000 (< 0.05) was obtained, 

indicating a significant difference in university students’ learning outcomes between the two 

classes. 

Table 8. Mann-Whitney U test of students’ learning outcomes 

Learning 

outcomes  

Mann-Whitney U Wicolxon W Z Asymp. Sig. (2-tailed) 

382.500 977.500 -2.570 .010 

 

Based on the analysis in Table 8, a significance value of 0.010 (< 0.05) was obtained. This 

indicates a significant difference in students’ learning outcomes between the two classes. 

The results of the study indicate a significant difference in learning outcomes between the 

experimental and control classes for both school and university students. The higher average 

learning outcomes in the experimental class indicate that the Gauss-Jordan elimination method is 

more effective for solving problems involving fixed pulley systems. This difference suggests that 

a more systematic procedure for solving systems of linear equations can help students organize 

the mathematical model of physics problems more clearly. These findings are consistent with 
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Saraswati et al. (2020), who stated that foundational mathematical skills play a crucial role in 

physics learning outcomes. In addition, Badmus and Jita (2024) emphasized that difficulties in 

learning physics are often related to the ability to represent physics concepts in symbolic and 

mathematical forms. This is further supported by Fitriyana et al. (2025), who demonstrated that 

instruction providing structured guidance in the scientific process can significantly enhance 

students’ conceptual understanding and physics learning outcomes. Thus, the Gauss-Jordan 

elimination method can guide the mathematical representation process, enabling students, 

including university students, to understand the relationships among variables in physics 

problems more clearly (Ni’mah et al., 2025). 

The difference in learning outcomes between the two classes can also be explained by the 

characteristics of the methods used. The Gauss-Jordan elimination method provides a more 

structured solution process by reducing the matrix to a form from which the solution can be read 

directly, without further substitution. This procedural structure helps students, including 

university students, manage systems of linear equations with multiple variables more 

systematically. Kumari and Poonia (2021) stated that the Gauss-Jordan elimination method is 

efficient for solving complex systems of linear equations. This finding is also consistent with 

Dharma et al. (2025), which shows that using the Gauss-Jordan method to solve physics problems 

can help students, including university students, organize their solution steps more clearly. 

In contrast, the substitution-elimination method requires a longer calculation process, 

thereby increasing the likelihood of algebraic errors as the number of variables increases (Supriadi 

et al., 2026). This indicates that structured mathematical procedures not only simplify calculations 

but also help students, including university students, trace the relationships among the physical 

variables in systems of linear equations. With a more systematic solution process, mathematical 

modeling for solving physics problems, particularly in pulley systems, can be carried out more 

effectively. This facilitates students’ understanding of the connection between physical concepts 

and the mathematical representations used. These findings indicate that integrating the matrix-

based Gauss-Jordan method into physics instruction has the potential to minimize procedural 

barriers in problem solving, thereby allowing learners’ cognitive attention to focus more on 

understanding the underlying physics concepts. 

Response 

Student responses were obtained via a questionnaire administered after instruction on 

solving rotational dynamics problems using Gauss-Jordan elimination. Based on the analysis of 

the response data, the results for the five indicators are presented in Table 9. 
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Table 9. Response questionnaires result data 

Indicator Likert scale average percentage Category Category average 

Interest 72% Positive 

71% 

positive 

Motivation 72% Positive 

Curiosity 66% Positive 

Satisfaction 66% Positive 

Feedback 72% Positive 

 

Table 9 indicates that students’ responses regarding the use of the Gauss-Jordan elimination 

method in solving fixed pulley system problems across five indicators averaged 71%, which falls 

into the positive category. 

The interest indicator received a positive response of 72%, indicating that students were 

interested and enthusiastic about participating in the learning process and enjoyed solving fixed 

pulley system problems using the applied method. The motivation indicator also received a 

positive response of 72%, indicating that the application of the Gauss-Jordan method to solve 

fixed pulley problems increased students’ motivation to learn. The curiosity and satisfaction 

indicators each scored 66%, indicating that students’ understanding and appreciation of solving 

fixed-pulley system problems improved after using the method. The feedback indicator obtained 

72%, indicating that students considered the problem-solving steps easy to understand and useful 

for providing additional insight into solving fixed pulley system problems. 

The results show that applying the Gauss-Jordan elimination method to solve rotational 

dynamics problems yielded an average response score of 71%, categorized as positive. These 

positive responses indicate that applying structured, systematic solution steps can help students 

model fixed-pulley system problems as mathematical equations. Furthermore, this positive 

response aligns with the learning outcomes, in which the class applying this method demonstrated 

a better understanding. This is consistent with Dharma et al. (2025), who stated that the Gauss-

Jordan elimination method is more effective in solving systems of linear equations. The Gauss-

Jordan elimination method can therefore be used as an alternative approach for solving physics 

problems involving systems of linear equations. Thus, physics learning does not only focus on 

final answers, but also on students’ ability to model mathematical equations and solve problems 

in a structured manner. 

 

V. CONCLUSION AND SUGGESTION 

The findings of this study show that applying the Gauss-Jordan elimination method to 

learning fixed pulley systems helps students, including university students, solve physics 

problems involving systems of linear equations in a more structured and systematic manner. The 

method significantly influenced students’ mathematical thinking ability across the indicators of 
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specializing, generalizing, and conjecturing, while at the university level it significantly affected 

all four indicators: specializing, generalizing, conjecturing, and convincing. In addition, the 

Gauss-Jordan elimination method produced significant differences in learning outcomes for both 

school students and university students. Students’ responses to the method's implementation were 

also categorized as positive, indicating it was well received during the learning process. 

This study is limited by its use of a posttest-only quasi-experimental design, the relatively 

small sample drawn from one university and one high school, and its focus on fixed-pulley system 

material only. Therefore, future research is recommended to include broader, more diverse 

samples, employ longitudinal or mixed-methods approaches, and examine the implementation of 

the Gauss-Jordan elimination method in other physics topics that involve mathematical modeling 

and systems of equations. Despite these limitations, this study contributes to the field of physics 

education by demonstrating that integrating a systematic, matrix-based solution method can 

strengthen mathematical thinking, improve learning outcomes, and help students connect physical 

concepts to mathematical representations more effectively. 
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