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Abstract—This study reports the development of the interactive electronic 
multimedia “Inquiry Play-Room” for use in rotation and equilibrium topics. 
This was designed following the steps of a guided inquiry laboratory model, 
containing video problems, feedback, virtual laboratories, student worksheets, 
animations, practical applications, and quizzes. The tests are offered at two lev-
els, one to grasp the concept and the second to be incorporated into actual life. 
This difference in learning can spur student confidence that will allow them to 
concentrate. The teacher can also enhance the content quality and patterns of 
movement through classes and online learning, as this technology is designed 
for face-to-face use. This interactive media is developed using the SWiSHMax 
framework and the ActionScript 2.0 programming language. The architecture of 
this media production model follows these steps: 1) analysis, 2) design, 3) de-
velopment, 4) implementation, and 5) evaluation. At a 90.3 percent positive 
rate, the expert testing results indicate feasibility. The results of 27 students 
showed that the students responded positively to multimedia design. Therefore, 
the use of interactive multimedia was shown to be possible. The results of this 
study open avenues for digital creation in other fields of physics. 
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1 Introduction 

The transformation of digital-based learning is a main strategy for facing the chal-
lenges of the Industrial Revolution 4.0 era [1]–[3], in which the process of infor-
mation transmission are very rapid and are reaching a vast area [4], [5]. In addition, 
physical and virtual reality are becoming more closely incorporated into this age [6]. 
By this means, digital-based learning is becoming an alternative for helping students 
access knowledge, conduct learning activities, and understand concepts on several 
topics [7], [8]. Digital technology can also boost problem-solving [9] and critical 
thinking skills [10] that students need in the current age. Having advanced, engaging, 
and immersive digital capabilities can enhance students’ effective participation in 
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learning experiences [11]. This transformation is ongoing and requires attention in a 
variety of areas, including physics. 

Within the topic of physics, students frequently find it challenging to study equilib-
rium and rotational motion. Several studies have found that many students labor under 
misconceptions regarding equilibrium and dynamics concepts [12], [13]. Fang [14] 
found that many students have a weak understanding of the relationship between 
impulse and linear momentum and that between impulse and angular momentum, and 
the relationship between impulse and angular momentum is difficult for them to un-
derstand with the law of conservation of angular momentum. Students also have diffi-
culty with basic concepts such as those of torque, rotational inertia, rotational kinetic 
energy, rotational motion with friction, and the application of the law of conservation 
of energy law to rotational motion [15]–[17]. Students are often challenged to classify 
a case as a balanced or imbalanced entity in the state of the equilibrium of a rigid 
body [18]. 

Almost all students can answer questions regarding a simple center of gravity sys-
tem consisting of point-like objects, but they have difficulty determining the center of 
mass of objects with a continuous mass distribution [19]. Students’ misconceptions 
are rooted in learning activities focused on mathematical analysis, as their participa-
tion in appropriate learning activities is limited; they usually only record facts, memo-
rize formulas, and solve questions that only require mathematical calculations [20]. 
Other formulas memorized by students challenge them to determine which formulas 
are most suitable for problem-solving [21], [22].  

Due to these challenges, several studies have been carried out in the development 
of learning media to allow students to study equilibrium and rotational dynamics. 
Yusuf, Mujasam, Widyaningsih, and Djalimun [23] shared best practices to improve 
students’ higher-order thinking skills using simple multimedia. They found that sim-
ple multimedia if developed effectively, could be used to this end. However, imple-
mentation is limited because the learning process requires more guidance from the 
teacher. The interactive multimedia development of their product was described by 
Widodo, Yennita, Azhar, and Islami [24]. However, their only concepts, images, and 
animations were presented, without any other variation. In a similar vein, Kasih [25] 
presented the effects of animated films to improve students’ understanding of the 
concept of equilibrium. Successfully used media were often not interactive. Interac-
tive multimedia was also developed by Wahyudin [26], in which students were im-
mediately given concepts, formulas, question exercises, and evaluations of 10 ques-
tions. Unfortunately, the students were required to write the answers on paper first 
and give them to the instructor so that the multimedia approach lost its effectiveness 
for learning. The interactive multimedia that has been developed so far tends to be 
monotonous. The content is also mostly viewed in classrooms on computer screens. 
Further, the multimedia used also does not generally provide feedback that allows 
students to understand. Updates that include more diverse learning activities can be 
performed through interactive multimedia. Launching from the description above, the 
problems discussed in this research concern the ways of developing feasible interac-
tive multimedia that can enable students to enjoy and understand the concept of dy-
namic rotation and equilibrium. 
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The interactive multimedia developed is different from available multimedia. The 
development process directly includes students in the discovery of concepts and solv-
ing problems. It is likewise important that this multimedia project is developed using 
a model that is already well-established, namely a guided inquiry laboratory. The 
steps of the model include 1) observation, 2) manipulation, 3) generalization, 4) veri-
fication, and 5) application [27]. This learning-based inquiry is positively correlated 
with the ability of scientific reasoning, in which students are required to follow a 
process that is systematic and purposeful, beginning with identifying a problem, pro-
posing a hypothesis, identifying variables, conducting an experiment, analyzing data, 
and drawing valid conclusions [28]. The model characteristics indicate that the stu-
dents must conduct experiments. However, resources for experimenting on equilibri-
um and rotational dynamics are not available in many classrooms, posing a barrier to 
teaching rotational dynamics and equations with this model. Virtual laboratories 
should be used for interactive multimedia that will be created. Using a virtual class-
room, time productivity and comprehension of student topics will improve, influenc-
ing learning outcomes [29]–[32]. In addition, with a virtual laboratory, students can 
experiment flexibly at home if they are not satisfied with the experiments conducted 
in class [33], [34]. Adopting an interactive digital virtual laboratory, students can 
communicate and explore directly in the app without having to open another applica-
tion to present answers in experimental activities through a virtual laboratory. In the 
final stage of the study, interactive multimedia students can be guided to take up the 
principles that have been learned in terms of a question or everyday use. 

The interactive multimedia that is developed does not contribute to the content’s 
use. As an assessment of learning, the quiz format can be carried out based on refer-
ence to basic competencies on two levels of questions that have different cognitive 
levels. This can reduce the use of tedious examinations, where the students use only 
forms, numbers entered, and results measured. A two-level quiz, followed by results 
and feedback, informs the instructor directly where student errors are, which will 
allow the teacher to effectively evaluate student knowledge of the student without 
manual correction of the exam. 

2 Method 

This study adopted the ADDIE research and development design, carried in the fol-
lowing stages: 1) analysis, 2) design, 3) development, 4) implementation, and 5) eval-
uation. In the analysis phase, a literature study was conducted to identify students’ 
difficulties in the study of rotational dynamics and equilibrium. We also discovered 
weaknesses in the interactive multimedia products that had been developed. In the 
design stage, the product draft was designed in the form of a storyboard and program 
navigation, along with its specifications. At the development stage, all scenes built 
into the product were produced and combined. Then, validation was performed, based 
on the eligibility criteria for interactive multimedia [35]. At the implementation stage, 
the product was tested on several high school students. The students assessed the 
multimedia and provided responses through a questionnaire. During the evaluation 
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phase, the products that were tested were limited for evaluation for readability, adopt-
ing the results of the questionnaire response analysis. The research and development 
procedure can be seen in Figure 1. 

 
Fig. 1. Research and Development Procedure 

Data collection was conducted in the form of an expert validation sheet to deter-
mine the validity of the products that were developed, and student questionnaire re-
sponses were used to determine product usability. The expert validation data thus 
obtained were analyzed using the percentage score technique. The score given by 
each validator was interpreted using the product validity criteria shown in Table 1. 

Table 1.  Criteria for Product Validity 

Score Criteria 
81–100% Very valid 
61–80% Valid 
41–60% Moderately valid 
21–40% Slightly valid 
0–20% Invalid 

Adapted from: [36]  

3 Results and Discussion 

The concept of rotational dynamics and equilibrium consists of five parts, namely 
torque, moment of inertia, equilibrium of rigid bodies, center of mass, and conserva-
tion of angular momentum. For each element, the concepts presented follow the steps 
of a guided inquiry laboratory model ranging across observation, manipulation, gen-
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eralization, verification, and application activities. When the students open each sub-
mission, a video is displayed, and students are asked to observe certain things in it. 
Then, the students are asked to perform a simple demonstration according to the in-
structions and choose the correct statements in accordance with the video and the 
demonstration as a first step in identifying problems. Students are given feedback 
according to their answers. After they formulate the problem, students are directed to 
switch to the virtual laboratory using a shortcut button given in the scene. In a virtual 
laboratory room, the students are asked to write a hypothesis first. In the virtual labor-
atory room, a tool and a student worksheet are also present. It is suggested that stu-
dents concentrate on the worksheets of their classmates and then perform a virtual 
experiment that is already in multimedia. This follows the work of Karlsson, Ivarsson, 
and Lindström [37], which confirms that the virtual laboratory as a learning resource 
is an environment in which students can discuss the concept of solutions, but in this 
case, the students should be able to answer questions outside of the virtual laboratory. 
While training, students can directly complete the worksheet in the given space with-
out having to write create a separate document. After the action in the virtual labora-
tory is complete, the scene presents an animated concept, with guidance for accessing 
certain web pages for widespread horizons relevant to the subject, such as the concept 
of force on joints, helicopter-rotor cinematic strength, the focal point for mass of the 
Earth–Moon system, and so on. After completion, students engage in two difficulty 
quizzes. The first measures their understanding of concepts, and the second measures 
their ability to apply the concepts learned for other phenomena. 

A navigation system and storyboard are developed to help prepare the product 
based on the product design. Figure 2 illustrates the software navigation in terms of a 
flow chart of the contents of the software, as illustrated through the interactivity as-
pects of interactive multimedia. We then continue to create the storyboard in the form 
of button layouts, images, text, tables, black text, animations, videos, and scripts for 
each element, where each view is drawn up as a guide. Products that are easy to use 
and have complete functions are produced using the SWiSHMax application, which 
allows maximum user creativity. 
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Fig. 2. Program Navigation 
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Fig. 3. Procedure for Developing an Inquiry Play-Room  

An inquiry play-room has many benefits in the absence of interactive media. Con-
cept presentation is organized based on the steps of the guided research lab model to 
enable study with the use of virtual experiments, not only to present concepts from 
books, such as interactive multimedia that were widely circulated, finding concepts 
and scientific reasoning abilities. The fact that virtual laboratories are available for 
goods could ameliorate the lack of equipment in schools and give students the oppor-
tunity for virtual experimentation. In contrast to interactive multimedia, which only 
serves as teachers’ media, this multimedia involves students in the use of interactive 
multimedia. In conducting virtual experiments, students are assisted with the students’ 
worksheet, equipped with input text in tables, data analysis, and conclusions. Students 
can write answers directly, and these are automatically saved by the application with-
out the need for other applications. Some interactive multimedia that has circulated 
adds students’ worksheets as attachments. Still, students must first download it and 
then open another application to supply the answers, which wastes time. The product 
is also equipped with an evaluation in the form of a quiz with two levels of difficulty; 
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one is the first level, the students understand the concepts in the submission, and the 
second examines the student’s ability to apply the concepts obtained on the applica-
tion questions. Feedback at each level is adjusted to the score obtained by the stu-
dents. If students exceed the minimum score at the first level, they are directed to 
work on the second. If they do not exceed the minimum score, then they are required 
to repeat the quiz at that level. The quiz format created by the two levels is never 
applied to interactive multimedia that has been circulating. Even certain interactive 
multimedia provides no feedback; students must write their replies on paper and wait 
for the teacher’s manual evaluation. By the end of each discussion segment, the stu-
dents navigate to the website where the applications to the concept being studied are 
introduced and how the formula can be obtained as a complimentary digital interac-
tive, which does not apply to the application of each part of the concept. Through this 
interactive multimedia, students are encouraged to learn from a vast amount of mis-
understandings about the balance and rotation dynamics and eradicate them. The 
teacher is also be assisted in learning using a guided inquiry laboratory model in face-
to-face and online learning.  

3.1 Expert validation 

The validation is performed in relation to the feasibility of interactive multimedia 
by a programming expert teacher and a physics expert at Universitas Negeri Malang, 
as well as a teacher of physics at a high school in Malang. The validation question-
naire used is arranged in relation to the eligibility criteria of interactive multimedia, 
following Thorn [35]. The recapitulation of the results from the expert validation data 
results for each aspect is given in Table 2. 

Table 2.  Interactive Multimedia Validation Data Recapitulation 

No. Assessed Aspect 
Score 

Criteria 
Validator 1 (%) Validator 2 (%) Average (%) 

1. Ease of Use and Navigation 87.5 100 93.8 Very Valid 
2. Cognitive Content 94.7 89.9 92.3 Very Valid 

3. Knowledge Space and 
Presentation 100 87.5 93.8 Very Valid 

4. Media Integration 75 75 75 Valid 
5. Aesthetics 95.8 79.2 87.5 Very Valid 
6. Overall Functionality  86.1 77.8 81 , 9 Very Valid 

Average Score 93 87.7 90.3 Very Valid 
 
Table 2 shows an average score of 90.3% for all items, indicating highly valid. For 

convenience and navigation, a 93.8% score is achieved, indicating high validity, such 
that the product functions easily and well without special qualifications. A score of 
92.3% for cognitive content is obtained, indicating high validity. Thus, definitions are 
given in accordance with the directed laboratory model investigation measures. The 
proposed definition conforms to theoretical physics. It is also necessary to provide 
examples of questions and logical truths in the discussion of examples. In addition, 
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miniature games are also suitable for questions and suggestions or discussion. The 
experimental exercises in the investigation lab also motivate students to determine 
their ideas. The knowledge and presentation are rated at 93.8%, very valid. This indi-
cates that the delivery of the product information is specifically given through a 
straightforward and communication-oriented language, along with illustrations to 
assist student understanding. A score of 75% is given for media integration, such that 
the product is able to assist students to improve their skills in virtual labs, analyze test 
data, and promote autonomous learning. Thus, it achieves validity. The aesthetic as-
pect is 87.5% and can be categorized as highly valid, which means that the product 
display shows aspects of beauty in terms of both design, selection of background 
colors, color, text type, animation, video, and background music. In terms of its over-
all usefulness, the value is 81.9%, a very real rating, meaning that the product can 
provide students with the necessary learning environment, including increased moti-
vation, enhanced conception, practical scientific thinking, and effective and produc-
tive learning. This is in line with the study of Makransky and Lilleholt [38], who, 
using a virtual laboratory in the form of virtual reality, find that student motivation 
significantly affected student enjoyment and motivation. 

3.2 Pilot study 

The revised products are then used in limited trials performed with 27 students in 
their second year at SMAN 1 Malang, a senior high school in Malang. All students 
report that a) the product can be run and operated easily: b) instructions for use are 
clear and easy to understand; c) navigation buttons are easy to find and use; d) design 
and appearance are attractive, experiments are easy to do, quiz formats fun; and e) the 
product can help in understanding the concepts of equilibrium and rotational dynam-
ics. In addition, 26 of the 27 students report that: a) the type, size, and color of the 
font was attractive and can be read clearly; b) the animation or video used is interest-
ing; c) the text, image, description, and animation are well placed, d) the animation 
can help in understanding the concepts, and e) the questions on the mini-games are 
easy to understand; student reports otherwise. Then, 25 out of 27 students report that: 
a) the delivery of the concepts is easy to understand, b) the product can help them 
learn independently, and c) the product can train them to operate a virtual laboratory 
and analyze experimental data, with two students report otherwise. This result is in 
harmony with the work of Ng and Fergusson [39], who found that teachers in their 
study considered that learning by utilizing technology could increase their students’ 
self-confidence to learn independently. However, their students were challenged to 
transfer their newly created information to understand how anomalous data findings 
could have occurred [40]. In all, 23 of the 27 students stated that the product devel-
oped can increase their motivation in understanding the concept of equilibrium and 
rotational dynamics, while 4 states the opposite. Then, 21 out of 27 students state that 
the background music is appropriate, while 6 students state the opposite. Buttons 
should be added to the product to turn the music on and off. An analysis of the stu-
dents’ answers indicate that the product “Inquiry Play-Room” is feasible to teach 
equilibrium and the dynamics of rotation in high school. 
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4 Conclusion 

Interactive electronic multimedia is developed to teach equilibrium and rotation 
motion. This software is developed using the SWiSHMax framework and Ac-
tionScript 2.0 to incorporate virtual laboratories and worksheets for students to store 
responses. Students can use it to find concepts independently whenever and wherever, 
and the product can be used in online learning beyond face-to-face situations in class. 
The results of expert validation obtained a score of 90.3%, indicating a very valid 
categorization. Based on the results of the pilot study with 27 students, it can be con-
cluded that the developed interactive multimedia is feasible. This study shows that the 
product developed can be used for self-learning, provide clear instruction to students 
in running a virtual laboratory, and analyze experimental results. This can make the 
concepts easily understandable. However, this study has some limitations. We rec-
ommend that this product be disseminated and tested across a wider range of partici-
pants. It is also possible to develop similar multimedia products with other content. 
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