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Abstract—Enhancing the quality of student competencies effectively cannot 
be separated from the development of learning resources through technological 
innovation. Interactive multimedia is an innovative learning resource that can 
be integrated with Project-Based Learning, which is a solution to the problems 
that occur for 2D Animation Making. The purpose of this study is to develop in-
teractive multimedia and assess the effectiveness of its application in Project-
Based Learning (PjBL) for 2D animation making. The researchers applied the 
Research and Development method using the 4D model. This study was con-
ducted at the Universitas Muhammadiyah Sidoarjo, with a total of 66 students 
of Information Technology Education. Based on the results of the study, valida-
tion by material and media experts showed that interactive multimedia learning 
media is excellent and feasible to use. The effectiveness of the application of in-
teractive multimedia in PjBL has a significant positive effect on learning 
achievement for making 2D animations. 

Keywords—Interactive multimedia, learning achievement, 2D Animation. 

1 Introduction 

The 4.0 era requires educators to be able to adjust information development very 
quickly by making learning more relevant [1]. Interactive multimedia with various 
roles is an essential technological science [2]. For instance, it makes learning media 
more exciting and interactive and enhances the quality and the process of teaching 
and learning, which can be done anywhere and anytime [3]. Multimedia animation 
material can be presented in the form of two or three-dimensional images, interactive 
text display, animated effects, attractive color combinations, and audio aids that help 
students understand the material more easily [4]. Therefore, interactive multimedia-
based learning is needed to develop students' competencies efficiently and effectively. 

Information Technology Education students at the tertiary level must have the abil-
ity to make 2D animations [5]. However, several previous studies have shown that 
student learning outcomes for making 2D animations are still relatively low. This is 
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because there are still misconceptions and misunderstandings [6],[7]. Students experi-
ence confusion in integrating learning resources in class with 2D animations [8].  

In integrating the use of interactive multimedia and 2D animation making, it takes 
a learning process that presents a problem on a project-based basis. This learning 
model is known as Project-Based Learning (PjBL) [9]. However, this model needs to 
be studied further. Research on this model is focused on scenario design that needs to 
be well designed [10]. Problems raised by teachers are often applicable in the real 
world, and therefore, students are trained to solve problems that require creative 
thinking [11],[12]. PjBL presents challenges that require students to work together in 
groups to solve problems to arouse their curiosity and initiative in problem-solving 
[13].  

Apart from its complex technology, the problem faced by logic is that it is getting 
extensive and needing a perfect analysis structure. This means that logical thinking in 
learning is essential, especially in solving mathematical problems [14], [15], [16]. 
Logical thinking ability helps students to think rationally, critically, straightly, pre-
cisely, orderly, methodically, and coherently. They also increase the ability to think 
abstractly, carefully, and objectively. Importantly, the logic increases intelligence and 
the ability to think sharply and independently to increase love for truth and avoid 
mistakes and errors [17],[18]. 

Based on an initial preliminary study on Information Technology Education at 
Universitas Muhammadiyah Sidoarjo, students were accustomed to technology prod-
ucts through the implementation of PjBL. The problem was that the students had 
never received a project to make 2D animation by involving learning innovations in 
the form of interactive multimedia use. Research with an "apple to apple" comparison 
framework, which compares two variations of the PjBL model or scenario, is needed 
in Information Technology Education to get more targeted research results [19]. 

Based on the gap analysis above, students need interactive multimedia on PjBL to 
enhance students' achievements for 2D Animation Making. Besides, a review of logi-
cal thinking skills is required to determine the enhancement of students' achievement 
for 2D Animation Making to test the level of success of the application of interactive 
multimedia. Therefore, researchers formulated the research objectives as follows: 1) 
To develop interactive multimedia in learning for 2D Animation Making; 2) To assess 
the effectiveness of the use of interactive multimedia in the application of PjBL by 
reviewing differences in students' logical thinking abilities. 

2 Method 

This research applied Research and Development (R&D) with a 4D model by Thi-
agarajan [20]. Researchers used two main stages with the development of interactive 
multimedia on the first stage and a quasi-experimental design to assess the effective-
ness of interactive multimedia on the second stage. In the first stage, the development 
model used was the 4D with four main steps, namely, Define, Design, Development, 
and Disseminate.  
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The flow of the interactive multimedia development using the 4D model are as fol-
lows: 1) Define; this stage aimed to analyze the needs in the learning process and 
collect various kinds of information related to the product to be developed; 2) Design; 
this stage aimed to create a design of learning media that can be used in multimedia 
animation lectures; 3) Development; this stage aimed to produce development prod-
ucts in the form of interactive multimedia. At this stage, the researcher also conducted 
expert validation (material and media expert followed by revision) and testing the 
product with a 2x2 factor pattern design; 4) Disseminate; this was the final stage of 
development with the 4D model. This stage is carried out with interactive multimedia 
socialization through distribution to lecturers and students. However, this study is 
limited to the Development stage, this is done to get interactive multimedia that is 
truly valid and feasible to use, before it is used by lecturers and students of Infor-
mation Technology Education in the wider population.  

Table 1.  Experimental design of 2x2 factorial design patterns 

Logical Thinking Ability 
Treatment  

Interactive Multimedia - PjBL (A1) PjBL (A2) 
High (B1) A1B1 A2B1 
Low (B2) A1B2 A2B2 

 
The second stage was the quasi-experiment. The study design used the 2x2 factori-

al design patterns [21]. As seen in Table 1, A1 is the group used interactive multime-
dia with PjBL and A2 is the group used PjBL only. B1 is a group of students who 
have high logical thinking abilities, B2 is a group of students who have low logical 
thinking abilities. Thus, there are four groups namely the A1B1 group is the group 
used interactive multimedia with PjBL with high logical thinking skills, the A1B2 
group is the group used interactive multimedia with PjBL with low logical thinking 
skills, A2B1 is the group used PjBL with high logical thinking abilities, and A2B2 is 
the group uses PjBL with low logical thinking abilities. 

2.1 Participants 

This study involved students of Information Technology Education, Universitas 
Muhammadiyah Sidoarjo in Semester 5, 2020-2021 academic year. There were two 
class participants assigned to be the control and experiment groups, with 32 and 34 
students from class A1 and class A2 respectively. 

2.2 Data collection tool  

The Data Collection Tool consists of three instruments, namely, a media validation 
questionnaire, a logical thinking test, and a learning achievement test. The instrument 
questionnaire for media validation includes display and language, presentation of 
images / graphics and animation, and multimedia principles. This instrument is used 
to obtain data on validator ratings and opinions on interactive media compiled and an 
assessment of the suitability of the material with interactive media. Data obtained 
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from the media validation questionnaire were qualitative and quantitative data. Thus, 
this instrument can act as a guide and reference in revising interactive media. Material 
validation consists of the appropriateness of the contents of the material, the accuracy 
and completeness of the material, the suitability of the Acting Board.  

To measure logical thinking ability used Piagetian objective formal, which is a type 
of objective test that has been developed as an instrument to measure the ability of 
formal thinking. This test was adopted from Ardhana [22]. Consisting of 24 items, the 
indicators for evaluating logical thinking ability consist of the following 3 indicators, 
namely: 1) thoughtfulness, 2) ability to reason, and 3) drawing conclusions. 

To measure learning outcomes, it is obtained from written tests and observation ru-
brics with pretest and posttest. The assessment rubric of observation involves plan-
ning, processes, products, presentations, and portfolios. The checklist for performance 
observation rubrics starts from designing the design, making presentations, and group 
work activities. The test instrument consisting of 40 questions was tested using item 
validity through the analysis of question items previously tested using the Bivariate 
Pearson correlation method (Pearson's Moment Product).  

2.3 Data analysis technique 

The data were analyzed through descriptive and inferential analysis [23]. Descrip-
tive analysis was used to analyze data from product validation results by material and 
media experts, while inferential analysis tests the hypotheses. The SPSS version 22 
program tested the hypothesis with a significance value of 0.05 (5%). Interpretation of 
product assessment results followed the assessment criteria on a scale of 5, such as: 1) 
is very good; 2) good; 3) enough; 4) lacking; and 5) very lacking [24]. 

A hypothesis test was carried out with an ANOVA analysis to determine the effec-
tiveness of the product. H0 was rejected because the sig value was less than 0.05, 
which means the combination of Interactive multimedia with PjBL had a significant 
impact on student achievement for making 2D text animation. 

3 Results and Discussion 

The process of developing interactive multimedia followed the Define, Design, 
Development and Disseminate stages, which are explained as follows. 

3.1 Define stage 

Define stage was carried out in several steps, starting from needs analysis, deter-
mining the scope of material, collecting references, and determining the limits [25]. It 
is necessary to develop learning media in the form of interactive multimedia, especial-
ly in animation-based learning courses that enhance the achievements for making 2D 
animation. The materials, references, and the limits to be developed are based on the 
curriculum of the study program. 
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Material for developing interactive multimedia in PjBL learning consists of some 
software such as MS Word as a place to write learning material, CorelDraw as a plat-
form for designing components in an application, visual studio code as developing 
applications in native code (in the form of machine language running above Win-
dows), and managed code (in the form of Microsoft Intermediate Language above the 
.NET Framework), and Adobe Flash as an interactive menu, interactive form, and 
learning server screen media. This interactive multimedia is designed to provide 
learning material based on PjBL through eight features. These eight features have 
project-based properties that consist of course descriptions, basic theory and anima-
tion, text animation and action scripts, images and audio, slideshows and presenta-
tions, animation projects, help, and about me.  

 
Fig. 1. Interactive Multimedia Flowchart 

The algorithmic process involved in designing eight interactive multimedia fea-
tures on the main menu is shown by the user flowchart (See Figure 1). One such fea-
ture is the "Basic Theory and Animation" which consists of Objectives, Basic Theory, 
Exercises, and Tasks. The exercise and assignment sub-features indicate that interac-
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tive multimedia is integrated with the PjBL application, so that the ability of students 
for making 2D animations can be enhanced. 

3.2 Design stage 

Design stages were carried out to design interactive multimedia, including learning 
resources in the form of textbooks [26]. It started with designing the achievements of 
the course, the expected final ability, and the subject material by including images, 
text, animation, audio, and video. The process of compiling the book was carried out 
using several computer programs, including Ms. Office Word, Corel Draw, and Ado-
be Flash.  

The stage for designing interactive multimedia included several stages; the first 
step was to create designs for application icons and images using Corel Draw. The 
next step was to design the interface using Adobe Flash, such as creating icons and 
animated movement of icons through the arrangement in Adobe Flash. Figure 2 
shows the stages when creating content using timeline, frames, and coding to design 
learning media. This section was the most complicated part because they had to de-
sign one by one, starting from inserting objects, images, text, audio, video, back-
ground, making animated moves, making interactive buttons in great detail. If the 
process was not followed step by step, the animation would not be successfully creat-
ed. This process might be complicated if there were any mistakes in language and 
logic. 

  

(a) The Coding Process in the Visual 
Studio Code Interface 

(b) The Visual Studio Running Cod-
ing process to Adobe Flash 

Fig. 2.  

Before building an application, it took writing features in the app through visual 
studio code with the ActionScript 3.0 programming language shown in Figure 2 (a). 
After writing the coding in the visual studio code, it ran the coding in Adobe Flash 
shown in Figure 2 (b). Running the coding was useful to facilitate the process of ren-
dering interactive multimedia on Adobe Flash or Macromedia Flash. 
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Fig. 3. The Front-Page interface of Interactive Multimedia 

Figure 3 showed an interactive multimedia learning display. The learning media is 
often more interesting and interactive because of the effects of animation on each 
material presented. Furthermore, it is also equipped with an image or graphic content, 
audio and video that supports the delivery of material, and therefore, it is easy to un-
derstand. Also, the readers understand the material because it is equipped with a guide 
/ instruction and several navigation buttons.  

 
Fig. 4. Exercise Sub-Feature Making 2D Animation 

The interactive multimedia is equipped with sub-features of making 2D animation 
exercises to help students make 2D animation easier (See Figure 4). In this sub-
feature, students are trained to make 2D animation through Adobe Flash. In addition, 
there are guided motion tween. The purpose of this guided motion tween is to create 
an animated path with a moving object.  
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Fig. 5. Project for 2D Animation Making 

In the task feature, there are projects provided. Figure 5 showed four examples of 
projects for making 2D animation, namely: a) making a moving car made of rectan-
gles and circles that run straight, b) making the orbit of the solar system around the 
sun, c) making an animation of 2 circles that rotate in opposite directions, d ) create 
animated digital clocks. 

3.3 Development stage 

The product validity test is carried out with a questionnaire given to material and 
media experts to assess the suitability of the product. The results of the assessment by 
experts are shown in Table 2. 

Table 2.  The Results of Expert Validation 

Validator Indicator Score 

Material Expert 
Content Suitability 4.5 
Accuracy and completeness of the material 4.4 
Suitability with the Student-Centered Learning method 4.4 

Average 4.43 

Media Expert 
Layout and language 4.2 
Presentation of pictures/graphics and animation 4.5 
The principle of multimedia 4.2 

Average 4.3 
 
Table 2 is the result of product validity testing by material and media experts. The 

average score was 4.43, which is included in the excellent category. Furthermore, 
validation by media experts gives an average rating of 4.3, which is also in the excel-
lent category. The experts agree that this multimedia presents 2D animation material 
content that is quite complete, acceptable, and suitable for learning activities. 
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The effectiveness test on the combination of Interactive multimedia with PjBL was 
carried out with two groups of students, including control and experimentation. The 
experiment was conducted using two ways Anova, which aimed to determine the 
effect of Interactive multimedia with PjBL on the ability to make 2D animation [19]. 
Figure 3 shows the students' achievements for making 2D animations. The students 
were randomly selected and divided into control and experimental groups with 32 and 
34 participants, respectively. 

The statistical description of learning achievement between groups of students 
taught with PjBL interactive multimedia and a combination of PjBL without consider-
ing the level of logical thinking ability is presented in Table 3. 

Table 3.  Statistics of Learning Achievement based on the Treatment Groups 

Parameter 
Treatment Groups 

Interactive Multimedia - PjBL PjBL 
N 
Highest score 
Lowest score 
Average 
Std Deviation 

32 
96 
80 

87,29 
3,88 

34 
93 
72 

83,76 
5,52 

 
Based on Table 3, the overall average of students learning achievement in the PjBL 

group with interactive multimedia is 87.29 and higher than in the PjBL group of 
83.76.  

Table 4.  The Statistics of Learning Achievement Based on the  
Level of Logical Thinking Ability 

Treatment LTA Mean Std. Deviation N 

Interactive Multimedia -PjBL 
Low  87,31 3,281 16 
High  87,62 4,425 16 
Total 87,47 3,835 32 

PjBL 
Low  86,24 4,562 17 
High  81,53 5,625 17 
Total 83,88 5,580 34 

Total 
Low  86,76 3,969 33 
High  84,48 5,880 33 
Total 85,62 5,107 66 

 
Table 4 showed that in the experimental group, students with higher logical think-

ing ability have higher learning achievement. In the control group, students with low 
logical thinking skills have higher learning achievement. The summary results of the 
analysis of variance at the treatment source are presented in Table 5. 
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Table 5.  The Results of Treatment Analysis with Learning Achievement 

Source Type III Sum of 
Squares 

df Mean Square F Sig. 

Corrected Model 401,049a 3 133,683 6,403 ,001 
Intercept 484014,941 1 484014,941 23182,196 ,000 
Treatment  212,032 1 212,032 10,155 ,002 
LTA 79,547 1 79,547 3,810 ,047 
Treatment *LTA 103,789 1 103,789 4,971 ,029 
Error 1294,482 62 20,879   
Total 485541,000 66    
Corrected Total 1695,530 65    

 
Table 5 showed the source of "treatment" with degree of freedom (df) = 1; value of 

F = 10.155 with Sig = 0.002. The magnitude of the probability/significance is less 
than 0.05, (p ≤ 0.05) and therefore H0 is rejected. Since 0.002 <0.05, there is a signif-
icant difference in 2D animation learning achievement between groups of students 
taught Interactive multimedia with PjBL and those with a PjBL combination. The 
average of learning achievement on groups of students taught Interactive multimedia 
with PjBL is significantly different as shown in Table 6.  

Table 6.  Summary of the Average Learning Achievement 

Treatment group Average  Sd N 
Interactive Multimedia - PjBL  87,293 3,885 32 
PJBL 83,761 5,522 34 

 
In Table 6, the average student achievement in the interactive multimedia group 

with PjBL, without logical thinking ability, is higher than in the PjBL group. There-
fore, the treatment gave a significant effect on learning achievement for making 2D 
animation. Based on the results of the study, students absorb 70% of what is carried 
out practically and 50% of what is heard and seen. Additionally, teaching and learning 
activities can be more effective and easier in case they are supplemented with facili-
ties because 83% of learning through the sense of sight is easily remembered [27].  

Based on the validity and effectiveness test of the product, interactive multimedia 
in PjBL has a significant effect on learning achievement for making 2D animations 
and can be used in lectures. Therefore, interactive multimedia learning media can be 
distributed and used for broader class groups, especially in the Information Technolo-
gy Education Engineering program. 

3.4 Discussion 

The result of the development of interactive multimedia in this study is a learning 
system, which uses software and hardware, which functions to simplify the process of 
data in the form of images, videos, photography, graphics, and animation, in collabo-
ration with sound, text, and voice data that are controlled interactively by computer 
[28]. Through interactive multimedia products, students can arrange coordination for 
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making products through projects easily. Therefore, multimedia animation plays an 
important role in education [29].  

Project-based multimedia learning is a combination of project-based learning and 
interactive multimedia. This combination represents a strong teaching strategy. Pro-
ject-based multimedia learning is a teaching method that allows students to acquire 
new knowledge and skills in the process of designing, planning, and producing mul-
timedia products [30]. This learning provides activities for students from content-
based to problem-based to provide a realistic learning approach and create education 
that emphasizes real-world challenges and logical thinking skills through problem-
based learning by making a 2D animation project [31]. By using interactive multime-
dia, students can use their knowledge to become more meaningful learning through a 
project to make products. 

Through project-based learning that invites students to make a project-based prod-
uct. Elements in this 2D animation product can be converted into digital forms and 
adjusted for the final project, so that student learning outcomes can be enhanced. The 
results showed that students utilized their logical thinking skills to use interactive 
multimedia and collaborate cooperatively with their groups, respectively. Students are 
also more enthusiastic and interested in the learning process in class. Students can 
make 2D animations from Macromedia Flash and enjoy the atmosphere of learning in 
class, so they participate in doing assignments individually or in groups. Thus, stu-
dents build knowledge about 2D animation projects and have a deeper and logical 
understanding of how to create 2D animation [32]. 

Many studies have examined the use of interactive and flash-based media to en-
hance student learning outcomes [28], [33], [34]. However, no one has reviewed the 
effectiveness of the use of interactive multimedia on PjBL for making 2D animations. 
Therefore, the results of this study can be an alternative for lecturers to enhance learn-
ing outcomes for Information Technology Education students who are accustomed to 
being given a project in the learning process. Lecturers have many examples and 
exercises contained in interactive multimedia to teach 2D animation making material, 
so students can see examples of it and have time to practice it.  

4 Conclusion 

This study concluded that: 1) The development steps produce interactive multime-
dia 2) Validation by material and media experts showed that the interactive multime-
dia is very good and feasible to use in the learning process Information Technology 
Education, and 3) The application showed that the interactive multimedia on PjBL is 
effective to enhance the ability to make a 2D animation. 

These findings can be used by educators to innovate the teaching and learning pro-
cess. 
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