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Abstract. This research is a development research that aims to develop a PHeT simulation-

based learning module that is feasible to improve students' physics concept understanding. The 

learning module was developed using a 4D model with a trial model using one group pretest-

posttest design. Trial learning module was conducted in the even semester of 2017 by taking 

the material of wave and sound in basic physics II course. Tests were conducted on 27 physics 

education students of STKIP Bima. Data collection used three techniques, namely: 

observation, test, and questionnaires; while the data analysis technique used quantitative 

descriptive analysis. The results showed that the learning module met the following criteria: 1) 

validity that based on (a) the conceptual validity of the learning module, the validity of 3.4 

both categorized and the reliability of 85.71%; (b) the module readability level with the easy to 

understand category (99%).) the difficulty level of module is in the easy to understand category 

(about 0.0). 2) Practicality that based on: (a) student activity that reached 89% good category, 

(b) not all students had a laptop. 3) effectiveness that based on (a) improving students' physics 

concept understanding with a high criteria of N-gain score (0.88), (b) student response with 

average 3.00 were in the agreed category. Based on those results, it can be concluded that the 

development of learning module based on appropriate PHeT simulation learning can improve 

students' physics concept understanding and fulfil the criteria of validity, practicality, and 

effectiveness, so it is worth using. 

1.  Introduction  

Physics is one branch of natural science that studies the nature, interactions, and symptoms of objects 

in nature. In its development, the basic concepts of physics in the form of pure and applied research 

not only support the physics development alone but also support the development of other science and 

technology that certainly can be applied in various fields in the world. As a science that studies natural 

phenomena, physics also provides a good lesson for humans to live in harmony under the laws of 

nature. The management of natural resources and environment and the reduction the natural disasters 

impact will not run optimally without a good understanding in physics (Permendiknas No. 24 of 

2006). 

As one of the compulsory knowledge taught in high school, physics as an applied science is taught 

through several methods of lecturing, discussing, and conducting experiments in the laboratory. These 

methods support each other in order to support the students' level of understanding in physics. [1] and 

[2] believe that conceptual understanding is a person's ability to understand something once something 

is known and remembered. According to [3], the increasing understanding of physics concepts is 

caused by students in learning build knowledge through learning activities. In addition, students also 
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learn to examine the problems in their real life so that learning becomes very meaningful. Physics 

concepts are self-explored by the students and use to solve the problems they are facing so that 

students experience physical and mental activity, also to understand physics concepts better. 

One of the contents that can support education today is the utilization of information technology 

equipped with new educational features. Multimedia-based teaching system can present less 

interesting subject into non-monotonous matter and facilitates the delivery. Students can learn certain 

materials independently by using computers equipped with multimedia-based programs [4]. Kriek and 

Stols [5] state that utilizing multimedia-based teaching systems can also make it easier for students to 

understand physics concepts through virtual lab experiments. Physics, unsupported by experimental 

activities in the laboratory, can cause the students’ level of understanding reduces because of 'fancy' 

theory alone. Information technology in education is applied in the form of multimedia as a soft 

module (software), which provides facilities for students to learn a material. The use of multimedia 

applications in learning will improve the efficiency, motivation, and facilitate active learning of 

experimental learning, consistent with student-centered learning, and guide learners to learn better [5]. 

From the survey data, most of the graduate students in Bima do not understand the physics concept 

that has been studied. This is proved by the physics final score of students gets 60 on average. Some of 

the factors that are indicated to be the cause are the students’ background who come from the 

SMA/MA or equal with the non-science concentration and lack of experimental activities in the 

laboratory due to lack of tools and materials in the campus laboratory. Therefore, the need for an 

alternative can help students to understand the material concept. It can be said that the use of 

multimedia as alternative teaching materials in several campuses in Bima has not been widely used. 

One of the virtual simulation media that can be used is physics education technology (PHeT) 

simulation [6] [7]. PHeT is a simulation created by the University of Colorado that contains 

simulations of physics, biology, and chemistry learning for the benefit of classroom or individual 

learning. The advantages of PHeT simulation are emphasizing the relationship between real-life 

phenomena and the underlying science, supporting an interactive and constructive approach, providing 

feedback and a creative workplace [8, 9]. Utilizing PHeT, students can perform activities as a scientist 

by doing exploration to generate a more understanding of the scientific concept. Students are able to 

explore simulations through their own interrogations, establish connections, and conclude the rules. In 

addition, it is expected that students are involved productively with the activities and behavior of 

scientists. This PHeT simulation has proven to be successful in both tasks during laboratory interviews 

and classroom activities. Based on the description above, an effort to develop simulation-assisted 

learning modules is needed [10, 11].  

2.  Methods  

This research is a developmental research because it developed PHeT simulation-based learning 

module. The module development in this study used 4D model (Thiagarajan et al., 1974). The use of 

this model in a subject development is intended (1) to be able to define the learning requirements, (2) 

to design prototypes of learning modules, (3) to produce revised learning modules based on the input 

from the experts, (4) can use and disseminate learning modules that have been developed. The 

experimental design of the learning tools used pre-group pretest-posttest design of pre-experimental 

model. Before implementing the pretest O1, and after carrying out the learning using the module 

developed x is done the final test (posttest) O2. 

Data collection techniques, among others:  

1. Make observations to collect data relating to the behavior. In this research, the data were 

modularity, student activities, student responses and barriers to the modules application. Observations 

were made by two observers who followed the learning process that was trained first.  

2. Give questionnaires. Questionnaires were given to students after they complete the learning 

activities. Questionnaires technique was in the form of a module assessment sheet which conducted by 

experts or educational practitioners by calculating the average assessment in which the two 

educational practitioners worked as its validators and questionnaire responses of students in the 
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measured by the number of students who agreed to minus the students who declared not agree 

multiplied 100 as well as the barriers to module development developed by the researchers seen from 

the comments of two observers who observed during the learning process. he researchers saw from the 

comments of two observers who observed during the learning process.  

3. N-gain analysis shows different understanding of physics concepts before and after being given 

treatment. A normalized score gain indicates the effectiveness of treatment rather than score or 

posttest N-gain formulated by [12]. The purpose of using this instrument is to know the increase 

understanding of physics concepts after through module development. Analysis to know the 

improvement of conceptual understanding is done through descriptive statistics.  

4. Students response, a form of the instrument in the form of a table with column consists of: 

description of question and assessment/opinion. This instrument was adapted from [13] and developed 

by researchers. The purpose of using this instrument was to know the student's response after using the 

module. 

To analyze the responses of students by looking at the percentage of responses from all student 

participants KBM to module pengajan in this study using data analysis techniques:  

1. Modules developed further review conducted by two assessors to provide an assessment in 

accordance with the instrument. The resulting data was analyzed descriptively qualitative. The average 

score (X) of the validator assessment results was interpreted in the rating category. Namely, the 

module validity level developed by matching the learning module assessment criteria. Assessment 

sheets developed were a validation of content, language, and question writing by two assessors in 

accordance with the instrument. The result data was analyzed descriptively qualitative. The average 

score (X) of the validator's judgment was interpreted by the rating category that was the module 

validity level developed by matching the validity assessment criteria 

2. Analysis technique of module legibility level was done descriptively qualitative. The result data of 

scoring the module readability obtained the score, then a qualitative descriptive analysis was done to 

determine the module legibility which developed by matching and categorizing the module legibility 

criteria. 

3. Analysis of module difficulty level was done descriptively qualitative. the results of the module 

difficulty assessment scores obtained a score, then conducted a qualitative descriptive analysis to 

determine the level of difficulty module developed by matching with the criteria of difficulty module 

categorization. 

4. Student activity is all activity undertaken by the student during KBM lasted and assessed by two 

observers by using the instrument. The technique of data analysis used quantitative descriptive 

analysis. The data were analyzed by using the percentage of agreement formula. 

5. Analysis of increasing understanding of student concepts of improvement in learning outcomes 

based on data pretest and posttest learning results were descriptive qualitative analysis. This analysis 

was intended to describe the improvement of understanding physics STKOM Bima physic education 

concept with the development of PHeT based learning module. This analysis, shown in table, was to 

compare the increased understanding of pretest and posttest concepts. 

3.  Results and Discussion 

This research was piloted on 27 physics education students of STKIP Bima on wave and sound 

material of basic physics II course. The research results indicate that the PHeT simulation-based 

learning module developed met the requirements as explained below. 

The validity of the learning module based on:  

(a) Conceptual validity, obtained by the average validation module of two validators, ie 3.4 good 

category with reliability percentage 85.71% so that the modules are categorized valid and reliable. 

The PHeT simulation-based learning module created prior to review consists of 8 wave and sound 

material, material explanations and how to practice it on a PHeT simulation. The examples of 

related material issues (as shown in Figure 1) are added on the review results by two experts at the 

end of the students’ experiment. 
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Figure 1. Results of module improvements by two experts. 

 

Assessment results by two assessors of the overall learning module obtained value of 33.8 which 

means being in either category. This value indicates that the learning module includes a valid 

device. Details of the assessment results can be seen in Figure 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Results of module improvements by two experts. 

 

(b) The degree of module legibility used the percentage of numbers based on the number of correct 

student answers. From the results of the assessment given to 27 students, the average level of 

module legibility is 99%. These results indicate that the degree of module legibility is in the easy 

to understand category.  

(c) The modulated difficulty level of the average is 0.0. These results indicate that the module 

difficulty level is in the low category or very easy to understand.  

The practicality of instructional devices based on: 

(a) Observation of student activity conducted during KBM took place by two observers. The 

observation results indicate that the percentage of average class activity was dominated by reading 

module and installing PHeT, listening to teacher explanation, doing experiments, recording 

experimental results, analyzing data, and making conclusions. Only 14 out of 27 was giving 

opinions/communicating information to classmates and teachers with percentage 51.89% (Figure 

3). 
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Figure 3 Percentage of student activity. 

 

(b) The constraints recorded by the observer. the constraints are derived from the means of students  

that not all students have laptops 

The effectiveness of learning devices based on:  

(a) Improving the understanding of the concepts analyzed in this research is the improvement of 

understanding the concept of the product and the process. The development of PHeT simulation-

based learning module that has been applied can be said to be successful because the improvement 

of concept understanding shows mastery over the KKM value of 75. Average improvement of the 

concept of product cognitive learning outcomes from field trial results can be seen in Figure 4. 

 

 

 

 

 

 

 

 

Figure 4 Graph of average increase in understanding of N-Gain physics concept students. 

 

Increasing understanding of concepts using n-gain scores showed a high increase. Learning on a 

scale of values of 0.7-0.1 was in the high category [12] with an average of 0.88 being in the high 

category. This is because students understood the concept of wave and sound taught by lecturers. 

Researchers considered that students were more concentrated and enthusiastic in learning because 

the use of PHeT simulation-based learning module on physics assisted them in understanding 

abstract concepts greatly [14].  

(c) Students response in research is how student's response after applying PHeT simulation-based 

learning module. There are 15 statements with an average of 3 on the agreed category for the 

student response, described in Figure 5. 
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Figure 5 Graph of Student Response Average. 

4.  Conclusion 

Based on the result of research and discussion, it can be concluded that the development of PHeT 

simulation-based learning module in improving physics concept of students concept, fulfilling the 

criteria of validity, practicality and effectiveness, so it is worthy to be used.  
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