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Abstract: This study aims to develop learning devices based on a discovery learning model on global warming 

topics that are feasible to improve student physics learning motivation and outcome. The research is a research 

and development study with the ADDIE model standing for Analyze, Design, Development, Implement, and 

Evaluate. The developed research instruments are syllabus, Lesson Plan (LP), Student Worksheet (SW), learning 

video, and test instrument. Meanwhile, data collection instruments include a validation sheet, motivation 

questionnaire, along pre-test and post-test sheets. Paired sample T-test was used to assess the comparative 

hypothesis of the two samples' average. The research instruments were developed at the Department of Physics 

Education Laboratory, Faculty of Teacher Training and Education, University of Mataram and applied in XI MIA 

1 class of State Madrasah Aliyah 1 Mataram. Those instruments were syllabus, LP, SW, and test instruments. The 

developed learning devices based on the discovery learning model were assessed by three expert validators, 

physics lecturers, resulting in learning devices with "very good" criteria. Hence, the learning devices based on the 

discovery learning model were feasible to be applied to improve student physics learning motivation and outcome. 

Based on the implementation of learning devices at State Madrasah Aliyah 1 Mataram, student physics learning 

motivation was increased by 0.53. In contrast, student physics learning outcome on global warming was improved 

by 0.47; therefore, both were categorized as "medium". According to paired sample t-test using SPSS 22, the 

physics learning outcome was 0.000 < 0.005 indicating a significant difference between before and after the 

learning treatment on students.  

. 

Keywords: Discovery Learning, Learning Devices, Research and Development, ADDIE, Learning Motivation 

and Outcome 

 

INTRODUCTION 

Physics is a science studying natural 

phenomena or events and all interactions that occur 

in them. Physics is one of the branches of natural 

science consisting of concepts, principles, theories, 

and laws related to existing natural phenomena [1]. 

According to those processes, the proper methods 

and models are required for solving the problem to 

transfer the knowledge easily to high school 

students.  

In the 21st century, the competency 

framework emphasizes a learning process that 

guides students to be creative, innovative, thinking 

critically in solving problems, communicative and 

collaborative [2]. In general, the physics learning 

process is dominantly teacher-centered. Delivery of 

learning materials is solely about transferring the 

knowledge to students without checking for student 

understanding. This type of learning process is 

usually called one-way learning, in which students 

only pay attention and take notes during the lesson 

given by the teacher [3]. It causes many students to 

be passive. 

Program for International Student 

Assessment (PISA) reported that Indonesia got 6th 

place from the bottom or 74th rank among 79 

countries. This report indicated that Indonesia's 

score in 2018 declined compared to that in 2015 [4]. 

The decrease in the PISA score can be seen in Table 

1 below. 

Table 1. Comparison of PISA scores in 2015 and 

2018 

PISA in 2015 PISA in 2018 

Reading ability: 397  

Mathematics ability: 

386  

Science ability: 403 

Reading ability: 371  

Mathematics ability: 

379  

Science ability: 396 

Meanwhile, the survey on Trends in 

International Mathematics and Science Study 

(TIMSS) conducted by the Global Institute in 2015 

revealed that Indonesia got 44th place out of 49 

countries with an average score of 397 and was in 

the 4th lowest position in the field of science [5]. 

The data showed that students are less encouraged 

to develop learning motivation resulted in a low 

learning outcome.  

Based on our observation at State 

Madrasah Aliyah 1 Mataram, the teacher applied a 

conventional learning model with the lecture or 

contextual teacher learning methods, resulting in 

students being less focused during the lesson. In 

addition, student motivation to learn physics was 

still low and therefore impacted the learning 

outcome. 
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On the other hand, the limited space and 

time for learning during the pandemic caused the 

student motivation and learning outcome to be even 

more decreased. Since the teacher only assigned 

them to summarize the learning material and work 

on practice questions as a substitute for direct 

learning, students lacked understanding of the topic. 

It was highly inconvenient considering that the 

current learning material will be the basis for the 

future learning topic.  

Based on these circumstances, different 

learning models and methods were needed, 

especially the more creative ones. Interesting 

learning devices were also required to facilitate the 

teacher during the learning process and improve 

learning motivation, and therefore increase the 

learning outcome. One of the suitable models is the 

discovery learning model. Discovery learning is a 

learning model which maximally involves student’s 

whole abilities to seek and find things 

systematically, critically, logically, and analytically 

so that students can formulate their findings [6]. This 

learning model is very appropriate for the 21st-

century learning process since it guides students to 

be active in learning. 

 

RESEARCH METHOD 

  The research is a Research and 

Development type of research which is a research 

method used to develop specific products and assess 

the validity of those products [7]. The designed 

products in this study were learning devices on 

global warming topics for second-year high school 

students in the second semester. The model applied 

in this research was ADDIE (Analyze-Design-

Development-Implement-Evaluate) research model 

[8]. The ADDIE research model consists of 5 stages 

[7] which are depicted in the following figure. 

 

Figure 1. Development Stages Based on ADDIE 

Model 

Source: According to Tegeh and Kirna (2013) 

 

  This development study was conducted at 

the Department of Physics Education Laboratory, 

Faculty of Teacher Training and Education, 

University of Mataram, and applied in XI MIA 1 

class of State Madrasah Aliyah 1 Mataram. The 

research instruments used were learning devices 

consisting of the syllabus, Lesson Plan (LP), Student 

Worksheet (SW), learning video and test instrument, 

as well as data collection instruments comprised of 

validation sheet, learning motivation questionnaires, 

and post-test and pre-test sheets.  

  Three experts filled the validation sheet, 

physics lecturers at the Faculty of Teacher Training 

and Education, University of Mataram. Those 

experts could give scores in the validation sheet to 

choose one of the answers, as shown in Table 2. 

 

Table 2. Research Instrument Score in Validation 

Sheet [9] 

Answer Options Score  

Very good 4 

Good 3 

Poor 2 

Very poor 1 

  The instrument had four answer choices, so 

the total score could be calculated using the 

following formula: 

𝑎𝑠𝑠𝑒𝑠𝑠𝑚𝑒𝑛𝑡 𝑠𝑐𝑜𝑟𝑒 =
𝑡𝑜𝑡𝑎𝑙 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡

𝑎𝑙 𝑜𝑓 𝑡ℎ𝑒 ℎ𝑖𝑔ℎ𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒
 x 4

 

The conversion of the validation score of 

quality assessment by three expert validators can be 

seen in Table 3. 

Table 3. Conversion of Assessment Scores into 

Category of Validity Score [9] 

Assessment 

Score 

Average score Category 

4 3.26 – 4.00 Very good 

3 2.51 – 3.25 Good 

2 1.76 – 2.50 Poor 

1 1.01 – 1.75 Very poor 

 

The test used was paired sample t-test. The 

t-test is a statistical test allowing us to compare two 

average scores and determine the probability that the 

difference between two average scores is a 

fundamental difference and not a difference that 

occurs coincidentally [10]. Paired sample t-test was 

performed using SPSS 22.  

According to Allo (2015) [11], the 

improvement of learning outcome can be 

determined using the Standard Gain with the 

following equation: 

𝑁 − 𝐺𝑎𝑖𝑛 =
�̅�𝑎𝑓𝑡𝑒𝑟  −  �̅�𝑏𝑒𝑓𝑜𝑟𝑒

�̅�𝑚𝑎𝑥 −  �̅�𝑏𝑒𝑓𝑜𝑟𝑒

 

Note: 

�̅�𝑎𝑓𝑡𝑒𝑟   : post-test score 

�̅�𝑏𝑒𝑓𝑜𝑟𝑒  : pre-test score 

�̅�𝑚𝑎𝑥  : maximum score 100 

Based on the Standard Gain calculation, 

student learning outcomes were categorized 

according to the interpretation in Table 4. 
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Table 4. N – Gain Index Interpretation [12] 

 

N – Gain Score (g) Category 

0.70 < g < 1.00 High 

0.30 < g < 0.70 Middle 

0.0 < g < 0.30 Low 

 

Reliability in this study was assessed by the 

Borich method known as the Percentage Agreement 

(PA), which is the proportion of agreement between 

appraisers defined by comparing the scores between 

the first and second appraisers. Percentage 

Agreement (PA) can be formulated as follows. 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐴𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡 (PA) = (1 −
𝐴 − 𝐵

𝐴 + 𝐵
) 𝑥100%

 

Note: 

PA: Instrument reliability (percentage agreement) 

A: Score from an appraiser with higher score   

B: Score from an appraiser with lower score   

 

RESULTS AND DISCUSSION 

The result of development using the 

ADDIE model standing for Analyze, Design, 

Development, Implement, and Evaluate will be 

elaborated. The analysis stage is an initial stage that 

aims to obtain information about the problems faced 

by teachers and students, problems that arise during 

learning, student characteristics, models used by 

teachers, learning media, and the applied 

curriculum. This stage includes learning 

requirement analysis and problem identification. 

Requirement analysis was conducted to 

identify and determine the basic problems faced in 

physics learning by distributing observation sheets 

to students and interviewing the XI MIA 1 class of 

State Madrasah Aliyah 1 Mataram teacher. It was 

revealed that physics lesson was hard to be 

understood by the students resulting in low learning 

motivation and outcome. In addition, the students 

were often sleepy during lessons. Furthermore, the 

lack of learning media used to guide the students and 

attracted their attention in physics learning caused 

the lesson to be far from easy and attractive.  

The design stage involves designing 

learning devices and a motivation questionnaire. 

The learning devices include the design of the 

learning scenario or the flow of the discovery 

learning model. The designed learning devices 

include syllabus, LP, SW, analysis of learning 

material, learning video, and test instruments. The 

competency-based physics syllabus was prepared 

based on competency, a set of abilities in the form 

of knowledge, skills, and attitudes that students can 

display or demonstrate because of physics learning 

[13]. The lesson plan (LP) describes the procedures 

and organization of learning to achieve a basic 

competency established in the content standards and 

elaborated in the syllabus, consisting of one or more 

indicators in one meeting [14]. Student Worksheet 

(SW) is a guide used to conduct investigation or 

problem solving [15]. The test instrument is a tool to 

collect information in the implementation of 

learning. It is also a collection of documents 

containing the learning scenario used by the teacher 

as a guide in the learning process [16].  

The syllabus was designed as a reference 

for preparing a learning framework including Core 

Competencies (CC), Basic Competencies (BC), 

indicators of competency achievement, learning 

materials, learning activities, learning resources, and 

time allocation. The lesson plan (LP) was employed 

as a guide for teachers in conducting learning 

activities in the classroom so that the learning flow 

can be systematic and the delivery of material can be 

detailed and by the learning objectives that have 

been formulated. Student Worksheet (SW) 

contained questions designed with a discovery 

learning model approach that will guide students to 

make their discoveries based on the questions in 

SW. This learning material analysis was designed to 

facilitate the teacher in delivering learning topics in 

the class. Analysis of learning material was made 

with various references of learning resources so that 

the analysis of learning materials can be valid and 

relevant. The test instrument was designed to 

measure learning achievement. In this case, the 

learning outcomes test instrument consisted of 

twenty multiple-choice items using reference 

questions, namely C1, C2, C3, and C4.  

A test instrument is an assessment tool that 

we use to collect research data by implementing the 

learning devices [17]. It included the student 

motivation questionnaire, which contained twenty 

statement questions that can measure student 

motivation before and after learning. In addition to 

the motivation questionnaire, the design of the 

research instrument also involved a validation 

questionnaire which was used as an assessment to 

determine the feasibility of the developed learning 

devices. Validation was conducted by three expert 

lecturers of Physics Education at the University of 

Mataram. The validation questionnaire consisted of 

syllabus, LP, SW, and test instrument validation 

questionnaires. 

The development stage is a stage for 

developing the product that has been designed. This 

stage included validation by three expert validators, 

physics education lecturers at the Faculty of Teacher 

Training and Education, University of Mataram, to 

evaluate the feasibility of implementing learning 

devices on students. The analysis of validation 

assessment accommodates the scores from expert 

validators as well as their suggestions and input.  

The results of the validation assessment 

conducted by three lecturers of Physics Education, 
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Faculty of Teacher Training and Education, 

Mataram University, are described in Table 5 below. 

 

Table 5. Assessment Results of 3 Validators 

 

Learning Devices Average 

Score 

Validation 

Criteria 

Syllabus 3.33 Very Good 

LP 3.59 Very Good 

SW 3.74 Very Good 

Test Instrument 3.58 Very Good 

 

Moreover, comments and suggestions from 

the three validators on the syllabus were expected to 

improve the learning experience and media, upgrade 

the writing consistency, clarify lesson hours and 

minutes, along adjust learning activities. In the LP, 

learning objectives were added to achieve learning 

indicators. Attitude and performance assessments 

were not written in LP. SW in learning media was 

also not abbreviated. In addition, the consistency of 

learning resources, selection of appropriate words, 

suitability of the information in learning activities, 

and news delivered in each sub-chapter were well-

considered. In SW, the scoring rubric was also 

thoroughly designed. Furthermore, in the test 

instrument, C4 level questions or those leading to 

analysis were added. 

The next step was reliability analysis using 

the Borich method, namely the Percentage 

Agreement (PA), with the following results. 

The instrument is categorized as reliable if 

the PA is more or equal to 75%. If the percentage is 

less than 75%, the instrument should be tested for 

clarity and approval by the observer [18]. 

The implementation stage of the learning 

devices was conducted in the XI MIA 1 class of 

State Madrasah Aliyah 1 Mataram to improve 

student motivation and learning outcomes. This 

stage responds to student motivation questionnaire 

data, pre-test score, implementation results on XI 

MIA 1 class of State Madrasah Aliyah 1 Mataram, 

post-test score, and learning devices distribution. 

Student motivation questionnaires were distributed 

to the XI MIA 1 class of State Madrasah Aliyah 1 

Mataram. Only 25 respondents participated out of 

39 students in the XI MIA 1 class of State Madrasah 

Aliyah 1 Mataram because the other 13 students did 

not have an adequate internet network. Response 

data were obtained from the response questionnaire 

with choices consisting of SA “Strongly Agree”, A 

“Agree”, N “Neutral”, D “Disagree”, SD “Strongly 

Disagree”. The questionnaire was filled by marking 

(√) on the answer choices. A likert scale with a range 

of 5 was employed in this study [19]. The responses 

to the student physics motivation questionnaire can 

be seen in Table 7 below. 

The Gain Standard according to Allo 

(2015) [11] was applied using the following 

equation to determine the increase in student 

learning motivation: 

𝑁 − 𝐺𝑎𝑖𝑛 =
�̅�𝑎𝑓𝑡𝑒𝑟  −  �̅�𝑏𝑒𝑓𝑜𝑟𝑒

�̅�𝑚𝑎𝑥 −  �̅�𝑏𝑒𝑓𝑜𝑟𝑒

 

Therefore, 

𝑁 − 𝐺𝑎𝑖𝑛 =
91,95 −  82,65

100 −  82,65
= 0,53

 

Meanwhile, that for physics learning 

outcome is described in following Table 8: 

 

Based on the table above, the normality test 

using SPSS 22 with Shapiro-Wilk showed the 

significance data normality of 0.017 (table 11). The 

table above exhibited the 2-tailed significance value 

of 0.000 < 0.005 (table 12), indicating a significant 

difference between the pre-test and post-test. 

Therefore, there was a significant difference 

between before and after learning treatment to 

students.

Table 6. Reliability Analysis of Learning Devices 

 

Product 

Validator PA Score 
Average Percentage 

Agreement (PA) (%) 
Category 

V12 

(%) 

V23 

(%) 

V31 

(%) 
  

Syllabus 94.80 96.10 93.50 94.80 Reliable 

LP 93.87 89,79 89.79 91.15 Reliable 

SW 95.23 92.06 90.47 92.58 Reliable 

Learning 

Video 

93.33 

 

87.61 

 

92.37 

 

85.29 

 

Reliable 

 

Test 

Instrument 

91.06 

 

94.64 

 

89.28 

 

91.66 

 

Reliable 
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Table 7. Results of Student Motivation 

Questionnaire  

 

Motivation 

Questionnaire 
Total Score Average Score 

Pre-test 1653 82.85 

Post-test 1839 91.95 

Table 8. Student Physics Learning Outcome 

 

 Pre-test Post-test 

Total Score 1995 2500 

Average Score 64.35 80.64 

Standard deviation 9.72 5.73 

Variance  94.47 32.83 

 

In addition, the result of the normality test 

using SPSS 22 is displayed in Table 11 below: 

 

Table 11. Result of Normality Test  

 

Shapiro Wilk 

Statistic Df Sig. 

.915 31 .017 

 

 

 

 

 

Table 12. Result of T Paired Sample Test 

 

 

Paired Differences t df 

Sig.  

(2-

tailed) 

Mean 

Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference    

Lower Upper    

 PRE-TEST - 

POST TEST 
-16.29032 9.12576 

1.639

04 
-19.63768 -12.94297 -9.939 30 .000 

 

The increase in student learning outcome 

was calculated by the standard gain according to 

Allo using the following equation: 

𝑁 − 𝐺𝑎𝑖𝑛 =
�̅�𝑎𝑓𝑡𝑒𝑟  −  �̅�𝑏𝑒𝑓𝑜𝑟𝑒

�̅�𝑚𝑎𝑥 −  �̅�𝑏𝑒𝑓𝑜𝑟𝑒

 

Therefore,  

𝑁 − 𝐺𝑎𝑖𝑛 =
80,64 −  64,35

100 −  64,35
= 0,45

 

According to Sundayana (2014), 0.45 

could be interpreted by the N-Gain index in the 

"medium" category. As a reference, a study on the 

effect of the discovery learning model on student 

physics learning motivation and outcome in State 

Madrasah Aliyah Bondowoso revealed that the 

discovery learning model indeed significantly 

affected student physics learning motivation and 

outcome in State Madrasah Aliyah Bondowoso [20]. 

The evaluation stage is a stage for activity 

evaluation aiming to revise each activity for the 

better. The evaluated stages include analysis, design, 

development, implementation, and evaluation 

stages. The analysis stage required strong analysis to 

analyze and conclude problems as well as offer the 

right solutions. At the design stage, accuracy was 

needed for choosing and adjusting the designs to the 

level of education to make them quickly understood 

and accepted by students. The development stage 

needed several checks that are useful to minimize 

errors and improve product accuracy and some input 

and evaluation to provide a better result. At the 

implementation stage, it was necessary to carefully 

design the online learning methods so that the online 

learning process could be more structured. 

The implementation of the learning devices 

in XI MIA 1 class of State Madrasah Aliyah 1 

Mataram faced several obstacles, including the lack 

of student response to motivation questionnaire and 

learning outcome assessment, including pre-test and 

post-test. Hence, some students refused to 

participate in answering questionnaires along with 

pre-test and post-test questions. In addition, online 

learning was conducted using WhatsApp (WA) 

groups instead of Google classroom or Zoom 

meetings since student response to WA groups was 

faster than the other media due to limited internet 

access. The limited internet access was also one of 

the main obstacles in learning. The students were 

required to answer questions and questionnaires in 

Google forms instead of WA group. Another 

obstacle was the lack of capability to control student 

activities during the online lesson, such as whether 

students have been involved in learning as instructed 

by the teacher. In addition, one of the designed 

methods was student presentation. It was not 

possible for the students to directly present the topic 

since the media was a chat group instead of a video 

presentation. The last obstacle was the fact that the 

designed learning devices were not online-based. 

Therefore, we needed to do a lot of spontaneous and 

quick improvisation during the implementation of 
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learning devices. Thus, the implementation stage 

became less than optimal. 

 

CONCLUSION 

Based on the results and discussion, the 

developed learning devices based on the discovery 

learning model are categorized as “very good” and 

feasible to be implemented in learning and improve 

student physics learning motivation and outcome on 

global warming topics. 
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