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1. Introduction

21st century education demands the development of students' potential in learning so that
learning innovation is needed in learning to provide changes in teaching and learning activities.
Learning innovation makes learning attractive to make students comfortable and get maximum
learning outcomes (Prastika., 2021; Rahayu et al, 2022). One important factor in improving learning
outcomes is interest in learning, low interest in learning results in low learning outcomes (Ndraha &
Mendrofa, 2022). Interest in learning is influenced by several factors, including interest, motivation,
satisfaction, and needs (Chen et al., 2021). Interest in learning can be increased by making learning
more interesting and developed according to student needs (Hamidah & Setiawan, 2019);
(Sulistyorini & Listiadi, 2022). Learning materials that are packaged with different concepts or
solving problems with different methods (alternatives) are one way to make learning more
interesting besides choosing the right learning model and learning media (Taufik 2024).

Physics learning develops analytical, inductive and deductive thinking skills in solving problems
qualitatively and quantitatively using mathematics, and develops knowledge, skills and self-
confidence (Siombone & Niwele, 2023). Physics problems such as presenting experimental results,
formulas, calculations, graphs and conceptual explanations of a natural phenomenon are expressed
in the form of simple mathematical equations to complex mathematical equations (Ornek et al,,
2008). So that solving physics problems uses many mathematical concepts, even mathematics is seen
as the language of physics that has a function to formulate problems in mathematical models
(Neumann et al., 2021). Mathematical ability is not just the ability to count, but students must master
mathematical thinking skills (Anwar, 2018). Improving students' abilities including critical
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mathematical thinking skills in physics learning is very important. Mathematical thinking skills in
learning can improve understanding and increase the appeal of learning (Drijvers et al., 2019).

The mathematical thinking ability and mathematical literacy ability of students in Indonesia are
still low compared to several neighboring countries. Based on PISA 2019 data, students’ ability to
model problems mathematically, choose, compare and evaluate problem-solving strategies is only
1%, far below the global average of 11% (OEDC, 2019). The results of the PISA survey in 2022
recorded that the mathematical literacy ability of students in Indonesia was ranked 70th out of 81
countries surveyed (Yudhoyono et al.,, 2024). The results of a study by Tupulu et al (2023) stated that
students' mathematical thinking ability is still quite low, as evidenced by data from students who did
not complete the problem solving by 59%. Meanwhile, Sari et al (2021) stated that the mathematical
thinking ability in the specializing indicator was quite good, but for the other three indicators
(generalizing, conjecturing, and convincing) it was still low. Basic mathematical skills (Saraswati et
al, 2019) and mathematical thinking skills (Woitkowski., 2020) greatly influence the success of
physics learning. Low mathematical thinking skills have an impact on low student learning outcomes,
especially in physics subjects.

One of the physics materials that has low learning outcomes because it is considered difficult
and requires high mathematical skills is the application of Newton's 2nd law (Rizkita & Mufit., 2022).
The percentage of students in mastering Newton's Law material is 26.7 in the low category. The
causes of low mastery of Newton's 2nd Law material are due to several aspects, one of which is low
mathematical mastery, lack of practice in working on questions and low learning motivation (Putra
& Heriyanto., 2020). The application of Newton's 2nd law to the free force diagram of a fixed pulley
system object produces a Linear Equation System of at least two variables. Solving the Linear
Equation System of at least two variables and Linear Equation System of three variables in physics
problems generally uses the substitution and elimination methods. This method is quite effective in
solving the Linear Equation System of at least two variables and is less effective in solving LES with
more than 2 variables because it is not time efficient and has a high error rate (Ilmi et al., 2023). The
process of solving with the substitution and elimination methods that must be done repeatedly can
take a relatively long time and is prone to errors in manual calculations. These problems can be
overcome by using a more efficient alternative method, namely the matrix method in solving linear
equation system problems.

From the free force diagram in the fixed pulley system by considering the rotational motion of
the pulley, 3 linear equations will be obtained, as shown in equation (1).

a,xXq + ble + Clx3 = h1
a,Xxq + bzxz + C2x3 = hz (1)
asXx, + b3X2 + C3X3 = h3

Linear Equation System can be expressed in the form of matrix multiplication, where the
variable coefficients and constants of each equation are arranged in matrix form (Ayu et al., 2024).
So that equation (1) can be expressed in the matrix equation matrix as shown in equation (2).

AX =H (2)
a]_ bl Cl x1 hl

where ; and A=|a, b, c|; X=|[X|H= hzl is coefficient matrix, variable matrix and
a3 b3 C3 x3 h3

matrixconstant (Pratiwi., 2024). The use of matrix multiplication in Linear Equation System (LES)
statements is presented in a more concise and systematic form, making it easier to analyze
mathematical calculations (Busrah. 2019). Solving LES in matrix multiplication can be done
analytically and numerically through the Gauss Elimination Method, Cramer's Rule, Matrix Inverse
Method, and Gauss-Jordan Elimination Method (Arnas & Anam., 2019). The substitution method,
Cramer's rule, and Gauss elimination method have advantages and disadvantages in solving LES (Luo
etal., 2021).
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Cramer's rule is one of the methods used in solving LES. This method can facilitate mathematical
solutions (Ilmi et al., 2023). Cramer's rule is the most popular method (Bramasto & Khairiani, 2022)
and is also effective (Devita, 2022) in solving LES. Cramer's rule is an alternative method in solving
LES in physics problems (Aminah & Radita., 2020). The application of Cramer's rule can solve 2-loop
electrical circuits (Krisnawanto et al, 2024); (Wahyudianti et al., 2023). The application of Cramer's
rule in solving LES has been shown to increase learning motivation (Simamora, 2022) and can also
improve learning outcomes (Aida et al., 2023). Cramer's rule also received a very positive response
in solving 2-loop electrical circuit problems (Krisnawanto 2024). The following are the stages of
using Cramer's rule in LES:

(1) Changing the LES in-matrix multiplication as equation (2).

(2) Determine the determinant of matrices A, B, C and D, with

a; by di by a; dy ¢ a; by dy
A= |a, b, c;|; B=|d, b, c|;C=|a, d, c3|;dan D =|a, b, d,
as b; c; d; bs c3 a; d; ¢ as by ds

(3) Determine the values of variables x, y, and z using Cramer's rule (Alhasan, 2021), namely as
shown in equation (3).

detB detC detD
—, dan X3 = Jota [3)

X1 = —— X, =
17 deta’ 727 deta’

The application of Cramer's rule has been proven to be very effective in solving LES and has also
received a very positive response in solving 2-loop electrical circuit problems. The application of
Newton's Il law to the free force diagram on an object in a pulley system will produce an LES of two
or more variables. The effectiveness of an action or method in the learning process is measured by
the achievement of the expected learning outcomes (Norman et al., 2022). Based on this description,
this study aims to describe how to improve mathematical thinking skills and learning outcomes and
student responses after applying Cramer's rule in solving problems on the fixed pulley system
material? The novelty of this study is explaining the steps for applying Cramer's rule in solving LES
on the fixed pulley system material which can later be used as an alternative method in solving
problems in the learning process besides using the substitution and elimination methods.

2. Method

The research was conducted at one of Jember's Senior High Schools and the Physics Education
Study Program of Jember University using Pre-Experimental Design with the form of One Group
Pretest-Postest as shown in Table 1.

Table 1. One Group, Pretest and Posttest Design

Group PreTest Treatment PostTest
Experiment 0, X 0,
Information:

0, = Giving initial tests to the experimental class
0,= Giving final test to experimental class

X = Learning by implementing Cramer's rule on the Fixed Pulley Linear Equation System (LES)
(Source:Manly, 1992).
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Sampling using purposive sampling technique using experimental class. The sample used was
30 students and 30 students. Data on mathematical thinking ability and learning outcomes were
obtained through pretest and posttest using 5 essay questions of fixed pulley system. The
instruments in this study included pretest and posttest questions and a rubric for assessing
mathematical thinking ability and a response questionnaire that had been validated and declared
valid by 3 validators (2 lecturers and 1 physics teacher) to measure the improvement of
mathematical thinking ability and learning outcomes and student and student responses. This
instrument has also been tested in other classes in one of the same courses and gave the same results.
The indicators of mathematical thinking ability in this study are specializing, generalizing,
conjecturing, and convicing as shown in Table 2.

Table 2. Mathematical Thinking Ability Indicators
Indicator Description
Specializing  Write the known, asked, and unit parts completely and correctly.
Generalizing Describe the direction of force along with information and write linear equations correctly and

completely.

Conjecture Substituting linear equations into matrices, calculating the acceleration and tension values of the rope
using Cramer's rule assisted by Sarrus correctly and completely.

Convicting Determine the answer, units, and contain information correctly and completely

(Ferdianto et al. 2022; Van Es & Sherin, 2002).

The data analysis technique in this study used the N-Gain Score test through the SPSS 25 and
MS Excel applications with the equation (4).

Nyain (9) = -0 (4)
Information :
Ny =Posttest mean score
N; = Average pretest score

Npnax = Maximum value

N,

gain test results are analyzed using the percentage criteria shown in Table 2.

Table 3. Level Categories N g4, (g)

Limitation Category
(g) =07 Hight
03< {(g) <07 currently
(g) < 0,3 low

Modified from Hake (1999)

Student response data was obtained through a response questionnaire using 5 indicators of
interest, motivation, interest, satisfaction, and response (Nurlatipah et al., 2015) with 20 statements.
Response analysis using a Likert scale and calculated using the equation (5).

! btained
Percentage = fotal score obtained » 100% (5

highest score

The percentage results (P) can be classified based on the response score criteria in table 4.

Table 4. Percentage of responses

Response percentage interval Criteria
80% < P <100% Very positive
60% < P <80% Positive
40% < P < 60% Quite positive
20% < P < 40% Less positive
P <20% Very less positive

Arikunto (2020)
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3. Results and Discussion

3.1. Cramer's Rule on Fixed Pulley LES

Solving problems with fixed pulley systems, for example two objectseach has its own timem,; =
3 kg and which is connected by a very light and inelastic rope through a fixed pulley. Assume the
acceleration due to gravity and the pulley is a hollow cylinder with mass and radius . To determine
the acceleration of the object's motion and the tension in the rope, start withm, =5kg; g =
10 m/sz ;M =2 kg ; r = 10 cm by depicting the free style diagram as illustrated in Figure 1.

Wy w,

Figure 1. Fixed Pulley System and Free Force Diagram

By applying Newton's 2nd law to each object in the free force diagram, the LES is obtained as
follows:

Object1:T; —3a = 30
1 0 =31 30
Object2: T, + 5a = 50 or IO 1 5 l Ixz] = ISO]
1 -1 -=-211%x3 0

Pulley :T,—T;—2a=0

Where x; represents the rope tension T; (N), x,represents the rope tension T,(N) and x5 represents
the acceleration of the object a (m/sz). Using Cramer's rule according to equation (3), we get the

30 0 -3
. 50 1 5
. . . . etd 1 400
rope tension, rope tension and object acceleration.T; = ——=t= 9 -1 -2 5 =40N;T, =
o 1 5
1 -1 -2
1 30 -3 1 0 30
. 0 50 5 . 150
etA; 1 0 -2 360 36 N etAsz 1 -1 0 20 m
= = — = a= = = —_—=2
deta |1 ‘1’ -3 10 ’ deta |1 (1’ =317 10 /52
1 -1 -2 1 -1 -2

Where A, is the matrix A with the first column replaced by the coefficient matrix, A, is the

matrix A with the second column replaced by the coefficient matrix, and A5 is the matrix A with the
30

50
0

third column replaced by the coefficient matrix

3.2. Results of Normality and Homogeneity Tests

Homogeneity test and normality test are used to determine the sample used in the study. After
the homogeneity test was conducted, the sample in this study was 30 students and 30 students who
had been tested using SPSS and showed that the sample used was homogeneous. The following is
Table 5 regarding the results of the homogeneity test.

Table 5. Homogeneity Test Results

Levene Statistic dfl df2 Sig.
Student Grade Based on Mean 2,855 1 58 ,096
Based on Median 2,167 1 58 , 146
Based on Median and with adjusted df 2,167 1 52,525 ,147
Based on trimmed mean 2,811 1 59 ,099
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Before analyzing the differences in mathematical thinking ability scores, a normality test was
conducted on the mathematical thinking ability scores. The following are the results of the normality
test shown in Table 6 below.

Table 6. Normality Test Results

Kolmogorov-Sminova Shapiro-Wilk

Statistic df Sig. Statistic df Sig.
Student Pretest Score ,119 30 ,200* ,972 30 ,594
Student Posttest Score ,098 30 ,200%* ,972 30 ,783

The results of the normality test in table 6 show a significance value (Sig.) of the pretest value
of 0.059 > 0.05 and a posttest value of 0.079 > 0.05. So it can be concluded that the pretest and
posttest values are normally distributed.

3.3. Mathematical Thinking Ability

The results and discussion of students' mathematical thinking skills after using Cramer's rule in
solving pulley LES are seen from the pretest and posttest answers for each indicator, namely: (1)
Specializing; (2) Generalizing; (3) Conjecturing; and (4) Convincing. Based on the results of the data
analysis, Cramer's rule is effective in solving fixed pulley problems. This is shown through the
average results of the N-Gain analysis, namely 0.7, which is included in the high N-Gain category. The
following are Table 7 and Table 8 regarding the frequency of students in mathematical thinking skills:

Table 7. Frequency of students at SMAN Jember

Category Specializing Generalizing Conjecture Convincing
High (g=0.7) 28 25 3 -

Moderate (0.3 <g<0.7) 2 5 20 30

Low (g<0.3) - - 7 -

Table 8. Frequency of students in the Physics Education Study Program

Category Specializing Generalizing Conjecture Convincing
High (g2 0.7) 23 22 18 18
Moderate (0.3 <g<0.7) 4 5 11 12

Low (g<0.3) 3 3 1 -

The mathematical thinking ability of students in solving fixed pulley problems using Cramer's
rule was analyzed using N-Gain analysis. This study measures mathematical thinking ability with four
indicators: (1) Specializing; (2) Generalizing; (3) Conjecturing; and (4) Convincing. The following is
a graph of the N-Gain Score for each indicator in solving fixed pulley problems using Cramer's rule.

The results of the N-Gain Score for the Specializing, Generalizing, Conjecturing and Convincing

indicators for SMAN Jember students and Physics Education study program students are presented
in Figure 2 and Figure 3 as follows:

N-Gain Score

Convincing [ NIGNGEEE
Conjecturing | NG
Generalizing [ NG
Spesiallizing || NG

0.00 0.50 1.00 1.50

Figure 2. Results of N-Gain Analysis of Each Indicator of SMAN Jember Students
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N-Gain Score

Convincing [N 051
Conjecturing NG 0.7
Generalizing [INNNEGEGGE 0.77
Spesiallizing [ NG (.34

0 02 04 06 038 1

Figure 3. Results of N-Gain Analysis of Each Indicator of Physics Education Study Program
Students

The results of the analysis showed that the N-Gain score of the Specializing indicator had a score
of 0.97 for SMAN Jember students and 0.84 for students of the Physics Education study program; the
Generalizing indicator had a score of 0.89 for SMAN Jember students and 0.77 for students of the
Physics Education study program; the Conjecturing indicator had a score of 0.45 for SMAN Jember
students and 0.7 for students of the Physics Education study program; the Convincing indicator had
a score of 0.49 for SMAN Jember students and 0.51 for students of the Physics Education study
program. The discussion of each indicator of mathematical thinking ability is presented as follows:

3.3.1. Specializing (Specialize)

The first indicator of mathematical thinking ability, namely Specializing or the ability of students
to identify problems by recording the information that has been given and the questions that need to
be answered in the problem (Naja & Sao., 2024). Based on the results of the N-Gain analysis, the
increase in mathematical thinking ability in the specializing indicator is high for both students and
students as shown in Figure 2 and Figure 3. Writing down known quantities and writing down the
problems asked are very important in solving physics problems. And this stage can affect the steps
taken next. An example of mathematical thinking ability in the Specializing indicator in solving
problems on a fixed pulley during the pretest is shown in Figure 4 and during the posttest is shown
in Figure 5

¥oown « W\, > a4

o T to em
: (o
TR

Figure 4. tudent P1's answer

Based on the answer of P1 in Figure 4, students still have not fulfilled the specialization indicator
properly. Because most of the students' answers still do not include complete information on the
quantities and units that are known and asked. Meanwhile, the answer to P2, as shown in Figure 5.

fow = Wis Gy
M 3
Alen gl
M2 b
L= o

pskd - Obpek  acCtherdan 7
R Mwgion ,‘furu ?

Figure 5. Answers from student P2
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Most students were able to identify the information contained in the fixed pulley problem
completely, such as the value and units of the first load.m,, the load of the two pulley masses and
their radii M and rm,,and gravitational acceleration g correctly. Students also record information
related to the problems raised in the questions.

3.3.2. Generalizing (Generalizing)

The second indicator of mathematical thinking ability is Generalizing or generalizing an aspect.
Mathematical Thinking Ability in the Generalizing indicator is the ability of students to solve general
mathematical equations correctly (Ellis et al., 2021). Based on the results of the N-Gain analysis, the
increase in mathematical thinking ability in the Generalizing indicator is high for both students and
students as shown in Figure 2 and Figure 3 In this indicator, students are required to be able to draw
their free force diagrams, apply Newton's 2nd law to the free force diagram and write linear
equations for each object in the pulley system. An example of mathematical thinking ability in the
Generalizing indicator in solving problems on a fixed pulley during the pretest is shown in Figure 6
and during the posttest is shown in Figure 7.

R Gk 1 Revew obgd 2
£F = M0 2% - Mo
T‘»\N.= m.a Wb-Ta‘ M. a
T\’M;ﬂt M. H mw"“zmﬁ
T, -0 xw: 062 %xw"""aoa
7y -ba €0 i E L

Figure 6. Student P1's answer

Figure 6 shows that students are able to apply Newton's 2nd law to the load in the pulley system
but most students do not draw the free force diagram. The direction of the forces acting on the pulley
system is directly depicted in the problem image so that most students' answers only get 2 linear
equations in the pulley system where the pulley mass is known. Meanwhile, the answer to P2, as
shown in Figure 7.

bbject 1 = 2T =~ me,

T =My s mp,

T ~2:le2 2

T =~ 0 =15

T = 26,3 .. (1)
OL,JQd 2 = Z?L 2 s

Wo T = mag
M9 —Tar =mp4
3.6 - T = 3a

Tt 3a= 30..@)
’Pullrj ST N
TL -Ti-bme. =D
M=%y = 2a >0 .. (%)

Figure 7. Student P2's answers

Figure 7 shows that most students can correctly describe the free force diagram along with the
direction of motion and can apply Newton's laws to each object in the free force diagram. With the
help of the free force diagram and Newton's 2nd law, 3 linear equations are obtained according to
the pulley system problem.

3.3.3. Conjecture (Guess)

The third indicator of mathematical thinking ability is conjecturing or making assumptions
through information contained in the questions related to formulas and solution strategies (Masuda
etal, 2021). Based on the results of the N-Gain analysis, the increase in mathematical thinking ability
in the Conjecturing indicator is 0.45 in the medium category for high school students as shown in
Figure 2 and 0.7 in the high category for college students as shown in Figure 3. In this indicator,
students are required to be able to solve the Linear Equation System (SLS) to determine the
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magnitude of the rope tension and the acceleration of the pulley system using mathematical methods.
An example of mathematical thinking ability in the Conjecturing indicator in solving SLS using the
substitution and elimination methods during the pretest is shown in Figure 8 and using Cramer's rule
during the posttest is shown in Figure 9.

-
T-w=M. A rw Z7 = T 472 &1
1-0 = 1. 0,06 A0 = 0092 40,28 4 0,052
T1-6:=: 0032 %o 0,268

1T = 0,032

Figure 8. Student P1's answer

Based on Figure 8, students generally still have difficulty in completing LES by substitution and
elimination, although some students can complete it but incompletely. Students' difficulty in
completing LES with the substitution and elimination method is because the process is tiered and
multilevel and takes a long time. This is in accordance with the research results of Ilme et al.,, (2023)
which states that the substitution and elimination methods are less effective in completing LES with
more than 2 variables because they are not time efficient and have a high error rate. Meanwhile, in
Figure 9.

10 « 0
T ~0 9o [0
Lol
‘,‘g ! - 1O ¢t

A T 40

Lbel=t-f—0 ==

Figure 9. Student P2's answers

Students can generally solve LES with the help of Cramer's rule because the process is simpler
and not repetitive. So that the increase in mathematical thinking skills in this indicator is in the high
category for students and the medium category for high school students. This is because in solving
LES using Cramer's rule, students are required to have the ability to determine matrix determinants.
Matrix determinants are mathematics lessons that are taught separately from physics lessons for
high school students, while for physics education students in the first year they get basic mathematics
courses which include matrix material.

3.3.4. Convincing (Convincing)

The last indicator in this study is the convincing process. Wardhani et al. (2016) stated that in
essence, high-ability students are able to solve the problems given well so that they get the right
solution. In this indicator, students who meet the convincing indicator are able to provide final
answers accompanied by meaningful conclusions and complete units. Based on the results of the N-
Gain analysis, the increase in mathematical thinking skills in the Convincing indicator is moderate as
shown in Figure 2 and Figure 3. An example of mathematical thinking skills in the Convincing
indicator is shown in Figure 10 during the pretest and Figure 11 during the posttest.

A= WA 40w,
2
IS T ALY TN W A S
Ti -Mia * 1WG A6 Ak

Figure 10. Student P1's answer
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From Figure 10, most of the students wrote down the acceleration and tension values of the
rope that were asked, although most of the values written were not quite right because there were
errors when the students carried out the process on the Generalizing indicator which was
incomplete. And from the answer of P1, it can be seen that the students did not provide meaningful
conclusions or emphasis on the results of their solutions. Meanwhile the answer to P2, as shown in
Figure 11.

" ; 0.4
(o ) Tq s M ‘—l/'
WA e
- 4,4V N4
Tai 7 ,{\_A’A - /__l\'lnﬁ
WA 25
- 4 N 4
% . 0 & L4
W e

, 0103 M[cT g

Figure 11. Student P2's answers

Figure 11 shows that most of the students' answers are correct both when determining the rope
tension and its acceleration and are also equipped with the correct units. And only a small number of
students' answers emphasize their answers so that the value achieved on this indicator cannot be
maximized. This is because students feel that by getting the value of rope tension and acceleration,
they consider that they have completed the problem being asked.

Based on the results and discussions on each indicator, solving LES using Cramer's rule resulted
in an increase in students' mathematical thinking skills in the high category on the specializing and
generalizing indicators. Meanwhile, the increase in mathematical thinking skills on the conjecturing
indicator is in the medium category for the high school student sample and the high category for the
college student sample. This difference is due to differences in students' abilities in determining the
determinant of the 3rd order matrix. And for the convicting indicator, the increase in students'
mathematical thinking skills is in the medium category for both samples because most students do
not emphasize the results of their solutions. So Cramer's rule is quite effective for solving LES on a
fixed pulley system. This is in accordance with the results of the study by Sari et al (2021) which
stated that the mathematical thinking skills on the specializing indicator are quite good but for the
other three indicators they are still low. The less than optimal mathematical thinking skills on the
third and fourth indicators are because students generally do not complete mathematical operations
in solving LES using either the elimination method or Cramer's rule and do not draw conclusions
from the results of their calculations. Tupulu et al, (2023) stated that students' mathematical thinking
skills are still quite low because students do not complete the problems.

3.4. Learning outcomes

The effectiveness of Cramer's rule in solving LES on fixed pulley material is not only seen from
the increase in mathematical thinking skills but also seen from the increase in learning outcomes.
Figure 9 shows that there was an increase in the lowest, highest and average scores of students after
students used Cramer's rule in solving LES on the pulley system.

Table 9. Physics Learning Outcome Data

Information Mark

Pretest Posttest N-Gain
Number of Students 30 30 0.4
Lowest Value 9 48 (Currently)
The highest score 53 75
Average 30.8 58.8

Based on the N-Gain analysis, the increase in students' learning outcomes was 0.4 in the
moderate category. The increase in students' learning outcomes was due to the ability to think
mathematically for all indicators (Spesiallizing, Generalizing, Conjecturing, and Convicing) increasing
after students used Cramer's rule in solving LES on the pulley system. Mathematical thinking skills
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are very much needed in solving physics problems, especially problems expressed in the form of
equations. Neumann et al., (2021) stated that solving physics problems requires mathematical skills,
even mathematics is seen as the language of physics that has a function to formulate problems in
mathematical models. This statement is also supported by Woitkowski (2020) who stated that
mathematical skills are important in the physics learning process.

Students' mathematical thinking skills can affect their learning outcomes. This is also supported
by the research results of Genc & Erbas (2019) and Ulya & Rahayu (2021) which concluded that
students' mathematical thinking skills greatly affect their mindset and learning outcomes. Improving
students' mathematical thinking skills can improve learning outcomes (Szabo et al, 2020). Saraswati
et al (2019) also stated that mathematical skills affect physics learning outcomes. Based on the
results above, it can be said that the application of Cramer's rule in solving LES on fixed pulley
material can improve students' mathematical thinking skills so that it has an impact on improving
their learning outcomes. This is in accordance with the research results of Ayu et al., (2024) which
concluded that the use of matrices can be used as an alternative method in solving LES. The
effectiveness of Cramer's rule in LES is also supported by the research results of Ndlovu & Brijalli
(2019) which stated that Cramer's rule is an effective method in linear equations to significantly
improve learning outcomes.

3.5. Response

The results of the response analysis in this study where students were given treatment of
applying Cramer's rule in solving LES on the Fixed Pulley material. The analysis of response data in
this study used the Likert Scale. The results of the response analysis are presented in Table 10.

Table 10. Response Analysis Results

Indicator Presentation Category Average/ Category
Interest 81% Very Positive 81%

Motivation 80% Very Positive Very Positive
Interest 80% Very Positive

Satisfaction 82% Very Positive

Response 82% Very Positive

Based on the analysis results shown in Table 10, it can be concluded that the students' responses
in applying Cramer's rule assisted by Sarrus in solving LES on the Fixed Pulley material showed a
very positive response with an average percentage of 81%.

3.6. Interest Indicator

The first response indicator in this study is interest. This interest indicator received a student
response that was included in the very positive category with a percentage of 81%. An innovative
learning process can invite students to have an interest in implementing the learning process (Sari &
Lestari, 2021). This shows that students are interested, enthusiastic and happy in learning to use
Cramer's rule in solving LES on the Fixed Pulley material.

3.7. Motivation Indicators

The second response indicator in this study is motivation. Motivation received a very positive
response from students with a percentage of 80%. This shows that students are very motivated,
enthusiastic, and confident in using Cramer's rule in working on fixed pulley problems. With
students' self-confidence after using Cramer's rule in working on fixed pulley problems, it can
motivate students to understand the material thoroughly and complete the tasks given (Humaidi &
Raharjo, 2022).

3.8. Interest Indicator

The third response indicator in this study is interest. Interest received a very positive response
with an indicator percentage of 80%. This shows that students have an interest in the learning
process using Cramer's rule in solving LES on fixed pulley material. In the learning process, students'
interest in learning will affect students' learning concentration so that innovative learning is needed
(Humaidi & Raharjo, 2022).
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3.9. Satisfaction Indicators

The fourth response indicator in this study is satisfaction. This satisfaction indicator received a
response from students that was included in the very positive category with a percentage of 82%.
This proves that Cramer's rule not only makes it easier to solve problems, but also broadens horizons,
encourages exploration in fixed pulley problems, and meets the needs and expectations of students.

3.10. Response Indicator

The fifth response indicator in this study is the response. This response indicator received a
student response that was included in the very positive category with a percentage of 82%. This
shows that students' use of Cramer's rule assisted by Sarrus in solving LES on fixed pulley material
is an alternative new solution in solving so that it can improve students' mathematical thinking skills.
This also shows that Cramer's rule assisted by Sarrus has easy-to-understand stages of solution so
that problem solving is more concise.

The responses shown are included in the very high category which shows that Cramer's rule is
more efficient in solving LES problems in fixed pulley material. Based on the results of the response
analysis, it was shown that students were more enthusiastic in learning. In line with the research of
Chen et al, (2023) that mathematical methods can increase students' desire to learn and gain
pleasure and self-confidence. Research by Krisnawanto et al, (2024) stated that the application of
Cramer's rule assisted by Sarrus received a positive response from students and was proven to be
effective as an alternative to solving physics problems. Supported by research by Mavron & Phillips.
(2023) which stated that Cramer's rule is more effective in terms of linear equations, so that the
analysis of linear equations is simpler using matrix algebra.

4. Conclusion

Based on the results and discussions above, the application of Cramer’s rule is proven to be
effective as an alternative method in solving LES on pulley material. This is proven by the application
of Cramer's rule in solving LES on pulley material can still improve mathematical thinking skills,
student learning outcomes. In addition, the application of Cramer's rule received a very positive
response from students for indicators of motivation, interest, satisfaction and response. The results
of the study showed that the increase in mathematical thinking skills was in line with the increase in
student learning outcomes. This is in accordance with the results of previous studies which stated
that mathematical thinking skills can affect learning outcomes. Based on the results of this study,
Cramer's rule can be one of the alternative mathematical methods besides the substitution-
elimination method in solving LES on physics problems and can be introduced in the learning
process.

Although Cramer's rule has proven effective in solving LES on fixed pulley material because it
can improve mathematical thinking skills and learning outcomes, further research needs to be
conducted using a larger data distribution (sample). In addition, it is also continued by seeing how
the application of Cramer's rule affects the application of LES on pulley material or other physics
materials on students' mathematical abilities and learning outcomes.
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