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ABSTRACT 

This paper aims to develop a student worksheet based on e-learning on valid momentum and impulse material to 

build on the problem-solving abilities of students in MAN 3 Yogyakarta. The method used is Research and 

Development (R&D) with a 4-D model (Define, Design, Develop, and Disseminate). The instruments used include 

validation sheets and tests. Data in the form of feasibility of e-learning madrasah-based student worksheet to 

improve students' problem-solving abilities. Data collection methods used in this study contain expert validation, 

observation, pre-test, and post-test. Data analysis using the sign test. The results showed that 1) the development 

of e-learning based worksheets with momentum and impulse material was feasible in terms of the validation 

results. This can be seen from the results of expert validation that show the feasibility of e-learning-based 

worksheets in improving problem-solving abilities is in the very high category and 2) the effectiveness of using e-

learning-based worksheets, namely those developed based on the data obtained from the pretest and posttest results 

can improve solving abilities. problem in the implementation class. So that student worksheet developed based on 

e-learning madrasah is suitable for improving problem solving abilities. 
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1. INTRODUCTION 

Problem-solving ability cannot be separated from 

the knowledge structure that students have. In the 

process of problem-solving students need knowledge 

from previous experiences, both from learning 

experiences and daily experiences. In-depth 

conceptual knowledge of the principles of physics is 

needed in solving problems. [1], so that students must 

be active in constructing a knowledge/concept of 

physics learned [2]. Several cognitive processes are 

needed to learn conceptual knowledge and build 

knowledge structures [3]. There are eight 

metacognition factors to identify the dimensions of 

problem-solving in physics. These eight factors 

include procedural knowledge, declarative 

knowledge, planning, conditional knowledge, 

monitoring, debugging, evaluation, and information 

management [4]. 

The process of solving physics problems as a basis 

for practicing obedient thinking comes from empirical 

experience. Aspects of thinking obediently and 

empirically as an indicator of problem-solving 

abilities. Thinking skill can determine the success of a 

person's life and most importantly the ability to solve 

life problems [5]. The students' problem-solving 

abilities on impulse, momentum, and momentum 

impulse theorems were still not optimal for indicators 

of applying strategies and evaluating solutions [6]. 

Students' understanding of the concept causes these 

deficiencies, students are not used to facing contextual 

and conceptual questions [7].  

Students are still weak in activating functional 

understanding in problem solving. In order for 

students to be more skilled in solving problems, 

especially in physics learning, several alternatives can 
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be made, including familiarizing students with 

constructivist learning activities so that the concepts  

that students understand are structured and more in-

depth. [8] the application of effective problem-solving 

strategies to improve students' skills in  solving 

problems on momentum and    impulse    material  [9] 

Students also need to get used to dealing with 

contextual problems and practice their reasoning skills 

by applying concepts [10]. So that students do not just 

apply formulas based on memory, but there are 

complex thought processes. Students also need to get 

used to understanding the physical meaning of physics 

equations so that they are not limited to memory as a 

mathematical formula. 

Student problem-solving abilities can be improved 

by using student worksheet, because student 

worksheet will help effective interaction between 

teachers and students. By using student worksheet 

students will have more opportunities to be active in 

learning activities, thus helping the performance of the 

learning process by the teacher. Student worksheet as 

a learning tool generally contain a resume of the 

material and questions [11]. So that this makes 

students unable to carry out experiments to find new 

knowledge by themselves so that the learning process 

is not effective and efficient. student worksheet is a 

new revolution to contribute students understand their 

environment and must play an act as in protecting the 

environment, so that the environment can be used for 

sustainability [12]. 

Quality needs to be improved with effort of student 

worksheet by designing an attractive student 

worksheet, based on discovery and investigation, so 

that it involves students directly in the learning process 

and learning is more students as the hub rather than 

teacher as the hub. Student worksheet is effective for 

improving problem-solving abilities [13]. Educators 

can develop student worksheets directly. In learning as 

a facilitator, you have to adjust the situations and 

conditions in the classroom  [14]. Student worksheets 

are useful to help develop concepts, process skills, 

problem-solving, and critical thinking, guidelines, 

obtain notes about the material, information about 

concepts through systematic learning activities [15]. 

The development of information technology (IT) is 

very rapid, all aspects of life reach out, one of which 

is education and training. Especially in the field of 

education, especially technology and vocational 

education [16]. Along with the rapid development of 

information technology, the need for an IT-based 

teaching and learning concept and mechanism is 

inevitable. e-learning influences the conventional 

education is transformed into digital education and 

systems. E-learning provides new hope as an 

alternative solution to most educational problems in 

Indonesia. Functions can be adjusted according to 

needs, either as a supplement (addition), a 

complement, or a substitution for learning activities in 

the classroom during [17]. E-learning is possible to 

develop a web-based teaching and learning process. 

The e-learning system using the internet is also known 

as internet enabled learning. Presentation of web-

based e-learning can be more interactive [18]. 

Student worksheet on based e-learning is 

something new for students, so they are more 

interested and enthusiastic in learning [19]. E-learning 

become an alternative to learning during the pandemic 

period. Limitations for face-to-face learning require 

learning to use e-learning media. In this paper, using 

madrasah e-learning as a new innovation in learning, 

especially in madrasah schools. So this paper makes 

an innovative learning device to facilitate the learning 

process. Where the product is in the form of student 

worksheets combined with developments in 

information technology, in this case e-leaning 

madrasah. student worksheet is no longer in the form 

of an oriented textbook but by using information 

technology it becomes more attractive to make it easier 

to improve problem-solving abilities.  

2. RESEARCH METHOD 

This research is a development research, in which 

the tools developed are student worksheet based on e-

learning madrasah. This study uses the Research and 

Development (R&D) method with a 4-D model 

(Define, Design, Develop, and Disseminate) [20]. This 

study produced an e-learning student worksheet 

product. Products developed to improve problem-

solving abilities. 

2.1. Place and Time of Research 

This research was conducted at MAN 3 

Yogyakarta, Indonesia in May 2020. The research was 

conducted in the second semester of 2019/2020. 

2.2. Research Subject 

The research subjects were students of class X 

MAN 3 Yogyakarta, Indonesia. The research subjects 

at the field trial stage were class X IPA 2, 30 students 

as the implementation class. 

2.3. Research Procedure 

This research was conducted using a 4-D model 

(Define, Design, Develop, and Disseminate) which 
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includes the stages of defining, planning, developing 

and distributing. The research stages that have been 

carried out in this research include the stages of 

analysis (curriculum analysis and material analysis), 

design (material preparation design, making student 

worksheet based on e-learning, and collecting 

materials needed in developing student worksheet 

based on e-learning), development, implementation 

(implementation of e-learning using madrasah e-

learning), and disseminating product results to 

students and schools. 

2.4. Instrument and Analysis Technique 

The instruments in this study were Student 

worksheets and Problem-Solving Ability test 

instrument. The problem-solving instrument used was 

in the form of essays on the pre-test and post-test to 

determine the increase in students' problem-solving 

abilities before and after using e-learning student 

worksheets. The analysis technique carried out in the 

study used several techniques, namely: 

2.4.1. Student Worksheet Product Feasibility 

Analysis 

Before conducting research in the field, the student 

worksheet based on e-learning-media is then validated 

first using the validation sheet that has been made. 

Analysis of the assessment sheet data using 

quantitative descriptive analysis with the following 

steps: 

Looking for the average score of product ratings, 

using the formula: 

x
X

n



                                                                  (1) 

X̅ is the average score, Σx is the number of items 

scored, and n  is the number of items, The average 

value of the total score for each aspect obtained is then 

converted into qualitative data in the form of product 

feasibility level. The conversion guidelines can be 

seen in Table 1 [21]. 

Table 1. Assessment criteria of physics student 

worksheet based on e-learning 

Interval Score Category 

X≥X̅i+1.8 SBi Very Good  

X̅i+0,6 SBi<X̅≤X̅i+1,8 SBi Good 

X̅i-0,6 SBi<X̅≤X̅i+0,6 SBi Good Enough 

X̅i-1,8 SBi<X̅≤X̅i-0,6 SBi Less Good 

X̅≤X̅i-1,8 SBi Very Less Good 

X̅  is actual score, X̅i  is average ideal score is 
1

2
( ideal maksimum score+ideal minimum score), and 

SBi  is the ideal standard deviation is 
1

6
( ideal maksimum score-ideal minimum score). 

2.4.2. Data analysis 

The achievement of problem-solving abilities is 

seen from the scores obtained through tests using 2 

tests, namely the pretest and posttest which will then 

be calculated using calculation of the sign test using 

the SPSS program and N-gain. The form of this 

research is pre-experimental design with one group 

pretest-posttest design as shown in Figure 1.  

 

Figure 1 One group pretest-posttest design 

Data analysis used quantitative and qualitative 

analysis techniques. Instrument data for assessing 

problem-solving abilities in the pretest and posttest 

produced by the implementation class were analyzed 

using descriptive statistics and sign test using the 

SPSS application. The N-gain test was also carried out 

to see how much improvement each sub-material was 

discussed. In this study, the N-gain test was used to 

prevent errors in increasing the score of the students' 

pre-test and final test data, using the equation: 

post pre

max pre

S S
N gain 100%

S S


  


                                  (2) 

The N-gain category is shown in Table 2. 

Table 2. N-gain level criteria 

Interval Criteria  

g>70 High 

30≤g≤70 Modarate 

g<30 Low 

3. RESULTS AND DISCUSSION 

The first step before making a product, the 

researcher explores a potential problem by making 

observations at MAN 3 Yogyakarta, Indonesia. 

Furthermore, the researcher did the planning by 

thinking about an innovation. Therefore, the 

researcher made a product in the form of an e-learning 

madrasah-based student worksheet that was suitable to 

be used to build on problem-solving abilities. 

In accordance with the aspect of the pattern's 

problem-solving steps, namely analyzing problems, 

Pretest Treatment Posttest 
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preparing solutions, solving problems and evaluating. 

Solving physics problems using the Minnesota 

strategy has several obstacles, one of which requires a 

lot of time to solve the problem, so it is suggested to 

use the polya problem-solving process [22]. Polya's 

problem-solving based student worksheet is suitable to 

improve students' ability to analyze to solve problems 

[23]. So that overall students are able to apply 

problem-solving strategies [24]. Furthermore, the 

student worksheet is prepared by paying attention to 

problem-solving aspects. Adapted to problem-solving 

steps. student worksheet that is made contains 

momentum and impulse material, then student 

worksheet is divided into 3 according to the material, 

namely momentum and impulse, restitution. Can be 

seen in Figure 2. 

 

Figure 2 Student worksheet products  

Learning tools developed in the form of student 

worksheet using online learning models. Before 

conducting research in the field, student worksheet is 

validated first using the validation sheet that has been 

made. Analysis of the assessment sheet data using 

quantitative descriptive analysis. The results of the 

average total score of each aspect obtained are then 

converted into qualitative data in the form of product 

feasibility level. Based on Table 1, a quantitative value 

conversion guide can be obtained to conclude the 

feasibility level of the developed student worksheet 

based on e-learning. If value X̅i and SBi  substituted 

for the formula in Table 1, the conversion guidelines 

will be obtained as presented in Table 3 for Intervals 1 

to 5. 

Table 3. Convert actual score into qualitative 

Interval Score Category  

X̅>3,4 Very Good 

2,8<X̅≤3,4 Good 

2,2<X̅≤2,8 Good Enough 

1,6<X̅≤2,2 Less Good 

X̅≤1,6 Very Less Good 

Validation of the content and language format 

aspects of e-learning-based student worksheets was 

carried out by two validators In this case, the 

developed student worksheet contains material 

momentum and impulses that are contextual to 

everyday life. The analysis results show has been 

done, the validation data obtained is 3.7. This result 

shows that student worksheet based on e-learning on 

momentum and impulse material is in the very good 

category and meets the validity criteria. Based on the 

results of the validation, the e-learning student 

worksheet is feasible as teaching material. The student 

worksheet developed is contextual to everyday life, so 

that it is better at improving problem-solving abilities 

than emphasizing questions and filling in questions 

[25]. Student as a teaching material is suitable for use 

when it is in the very good category [26]. 

The student worksheet that has been developed is 

applied to the implementation class. During learning 

in the implementation class, students get full control 

from the teacher with the help of the WhatsApp 

application. Through this application, learning syntax 

is applied starting from initial activity, core, and 

closing. Preliminary activities begin with the 

attendance of students. In addition, students also need 

to ensure that they have installed madrasah e-learning 

on their respective laptops. After everything is ready, 

the teacher then directs to read the instructions for  
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Table 4. Descriptive statistics of problem-solving ability 

 N Minimum Maximum Sum Mean Std.Deviation 

Pretest 30 7.25 9.75 248.00 8.2667 .56452 

Posttest 30 8.25 10.00 275.75 9.1917 .44858 

Valid N (listwise) 30      

Table 5. Frequency of students' problem- solving ability ranks 

  N Mean Rank Sum of Rank 

Posttest-Pretest Negative Ranks 1 (posttest < pretest) 2.50 2.50 

 Positive Ranks 27 (posttest > pretest) 14.94 403.50 

 Ties 2 (posttest = pretest)   

 Total 30   

using madrasah e-learning then work on the given 

student worksheet. The advantages of the student 

worksheet that are made are that they can be done 

remotely so that student learning activities can be 

carried out anytime and anywhere with the help of an 

internet network. The given student worksheet is 

based on problem solving that is linked in everyday 

life, so that students understand it easier the material 

taught through student worksheet [27]. 

Student worksheet based on e-learning madrasah 

carried out the measurement of the problem-solving 

ability before and after learning. The measurement of 

students' problem-solving abilities with using 

instrument test valid and reliable [28] on the pretest 

and posttest aims to test the effectiveness of the 

developed student worksheet based on e-learning. 

Measurement results data were analyzed using 

descriptive statistics can be seen in Table 4. 

The average pre-test score was 8.26 while the post-

test average score was 9.19 which indicates an 

increase. So, it can be concluded that before and after 

learning there are differences in problem-solving 

abilities with the innovations given. Furthermore, to be 

more-sure the data above will be analysis using the 

Sign Test. The results of the sign test output can be 

seen in Table 5. 

Based on the data in Table 5, it is found that there 

is 1 student whose post-test score is smaller than the 

pre-test. A total of 27 students had post-test scores 

higher than the pre-test, and 2 students had the same 

post-test and pre-test scores. Then the statistical test 

results can be seen in Table 6. 

Table 6. Statistical results of the sign test statistics test 

wilcoxon signed ranks test 

 Posttest-pretest 

Z -4.577 (Based on negative 

ranks) 

Asymp. Sig. (2-tailed) .000 

Based on statistical tests using the sign test 

obtained an alpha of 0.000. Because α <0.05, H0 is 

rejected, so that the problem-solving ability increases 

using student worksheet that has been used in the 

implementation class. Based on the data obtained, it 

shows that there are significant differences related to 

students' problem-solving abilities before and after 

learning using student worksheet based on e-learning 

on momentum and impulse material. This difference is 

indicated by in the mean value of the students' protest 

and post-test in the implementation class. 

The results of improving students' problem-

solving abilities can also be seen based on the N-gain 

value obtained. The N-gain test was used to prevent 

errors in the interpretation of the increase in score data 

[29]. Students' problem-solving abilities increase can 

be seen in Figure 3.
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Figure 3 The improvement of problem-solving using 

N-gain  

Based on the picture, the N-gain score is 27% in 

the low category, 67% in the moderate category and 

7% in the high category. In this study, the N-gain test 

was used to check the increase in problem-solving 

abilities in terms of the sub material being taught. 

Based on the results of student responses, this student 

worksheet provides convenience in learning.  

The appearance is quite attractive with an 

attractive design, so it is not boring when working on 

it. Questions related to contextual daily life make 

students understand the problem well. The results 

provide an increase in students' problem-solving 

abilities, so that contextual student worksheet can 

improve problem-solving abilities [30]. There are 

contrasts in learning outcomes among the use of web-

based contextual physics student worksheet and 

contextual learning. The ability to solve problems in 

the learning process using the web with contextual 

physics student worksheet can improve problem-

solving skills better than conventional learning [31]. 

The materials given in student worksheet are 

momentum and impulse. During the work process 

students do at home using madrasah e-learning. The 

teacher provides directions through the given student 

worksheet. Students answer the questions 

individually. Then they discussed with other friends. 

All data students are doing well. Each student shows 

the results of their answers followed by discussion 

activities. 

4. CONCLUSION 

Built upon this paper, that it can be concluded 

development student worksheet based on e-learning 

Madrasah on momentum and impulse material is 

feasible in terms of the validation results. This can be 

seen from the results of expert validation which show 

that the feasibility of student worksheet based on e-

learning-in improving problem-solving abilities is in 

the very high category and the effectiveness of using 

student worksheet based on e-learning-which is 

developed based on the data obtained can build on 

problem-solving abilities in the implementation class. 

So that the developed student worksheet based on e-

learning madrasah is suitable for improving problem-

solving skills. 
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