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Abstract: The biological concept has a broad scope and requires the visualisation of bioprocesses 

to provide complex understanding. Learning media can help visualise bioprocesses to enhance 
students’ cognitive abilities. The study aimed to develop, test the practicality, and test the 
effectiveness of video animation in improving grade XI high school students’ und erstanding of the 
coordination system. This study involved 66 high school students in grade XI of the science 
department at State Senior High School 2 Malang, Indonesia. This research used the Lee & Owens 
Multimedia-Based Instructional Design method, which consisted of analysis, design, development, 
implementation, and evaluation stages. In the evaluation stage, we conducted face validity by media 
experts and content validity by material experts, successively getting results of 97% and 100%. 
Then, the concurrent validity test was obtained from student assessments of the media interface 
with a result of 97%, the user-friendly with a result of 100%, and the appropriateness of the material 
with a result of 95%. In the final stage, construct validity was carried out through an effectiveness 
test using a quasi-experimental design with a pretest-posttest control group design. Data analysis 
was performed using the Independent T-test, with the results showing a significance of 0.006 < 
0.05, which showed a significant difference in the average post-test between the control and 
experimental classes. The average score in the experimental class increased from 76.32 to 89.03, 
but the control class increased from 76.38 to 84.56. The results showed that the video animation 
media effectively improved students’ abilities. Therefore, this learning media can be a 
recommendation in the learning coordination system. 
Keywords: animation; coordination system; cognitive ability 

 
 

Introduction 

The biological concept has a broad scope, including various branches of science, such as botany, 
zoology, microbiology, genetics, ecology, and biotechnology (Amrullah et al., 2021). Some biological 
topics require a deep understanding of the coordination system (Ratan, 2020). The coordination system 
comprises nerves, sensory, and hormonal systems (Yang et al., 2020). The coordination system explains 
the signalling pathway and biochemical processes (Scott-Solomon et al., 2021). 
Many students encounter difficulties when exploring topics with complex characteristics, especially when 
understanding the basic concepts and mechanisms of the coordination system (Xu et al., 2019; Fiani et 
al., 2021). It is also crucial to connect the concept of a coordination system with examples from everyday 
life (Damopolii et al., 2023). Students’ lack of understanding of the biological topic can cause a decrease 
in their cognitive abilities (Hammer, 2020; Schröter & Bar-Kochva, 2019). A high cognitive ability can be 
one of the indicators of successful learning (Peng & Kievit, 2020). 

Students with difficulty learning tend to have lower cognitive learning outcomes (Rezeki et al, 2023). 
Students’ difficulties in learning can be solved by using learning media (Virijai & Asrizal, 2023). 
Preliminary study data was collected in October 2023 using observation and interview methods, showing 
teacher efforts in facilitating learning media through practicum of the five senses and making posters at 
State Senior High School 2 Malang. However, teachers find it challenging to visualise bioprocesses that 
occur in the body on nerve impulse transport material. The other difficulty teachers experienced was 
providing a bridge between text material and their implementations in daily activities. 
The difficulty of delivering material to students can be overcome by using visual-based learning media 
(Sari et al., 2023). Several learning media have also been proven to improve students’ cognitive abilities 
(Bouali et al., 2022; Deaton et al., 2013; Teixeira et al., 2013; Ghofur & Zubaidah, 2023). For example, 
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the research on the media game about the integration of synapses, muscle contractions, and nerves 
enhanced students’ understanding of nervous system signalling (Cardozo et al., 2020). Learning media 
for a video animation of nerve impulse transmission, uploaded on social media, provides good 
visualisation for students so that understanding improves (Leksono et al., 2021). One of the learning 
media that can provide visualisation of daily activities and can be integrated with existing theories in 
biology is the animation media (Siregar & Harahap, 2022). The animation can illustrate biochemical 
processes in growing humans which can not be observed directly (Dorfman et al., 2019). Animation 
media has shown significant success in learning, but few have integrated it into daily activities. The 
advantages of video animation are that the visuals can be adjusted to the requirements, feature engaging 
moving visuals, can facilitate biochemical processes in the body that are micro and can present 
visualisations of daily human activities (Susanto, et al., 2024; Firdaus et al., 2022; Setiawan, et al., 2023). 
The learning concept based on daily activities can make it easier for students to relate subject matter to 
real-world situations (Min et al., 2022). Existing research on animated videos in biology focuses on 
bioprocesses and is not linked to daily activies (Stadlinger, et al 2021). There is a need to create animated 
videos that present bioprocesses and are integrated with daily activities to make learning more 
meaningful. 
The demand for media and teaching materials is adapted to the needs of users (Persada et al., 2019). 
In this case, the coordination system learning media users are high school students and the broader 
community. High school students, an average age of 15-16 years old, who belong to Generation Z, tend 
to like interactive things (Saadah et al., 2022; Marshall & Wolanskyj-Spinner, 2020). The approach to 
education in the era of the Industrial Revolution 4.0 emphasised the generation of Gen Z to increase 
technological knowledge and innovative use of information (Zubaidah, 2018). The advancement of 
technology has an impact on changing mindsets and ways of learning in Generation Z (Szymkowiak et 
al., 2021; Loseñara, et al., 2023). Generation Z has habits like self-learning, is open to technology, is 
creative, has many ideas, and likes visual and interactive learning styles (Mosca et al., 2019). This 
context-based learning animation video is considered appropriate as one of the learning media that 
facilitates coordination system material. The purpose of the research was to develop, test the practicality, 
and test the effectiveness of the animated video in improving the understanding of grade XI high school 
students on coordination system. 

 

Method 

Research Framework 
Media development and practicality testing were conducted using the Multimedia-Base Instructional 
Design method (Lee & Owens 2004), which consisted of analysis, design, development, implementation, 
and evaluation (Figure 1). The explanation of the research and development procedure of the video 
animation in the Lee & Owens model is described in Figure 2. 

 

 

 
 

 
 
 

 
 
 

 
 

 
Figure 1. Research Framework 
 
The analysis stage consisted of two stages: the needs analysis and the front-end analysis. The needs 
analysis was used to ascertain the objectives. The front-end analysis aimed to identify gaps between 
actual field conditions and anticipated conditions and formulate solutions to overcome these problems. 
Interviewing teachers and distributing needs analysis questionnaires to students were conducted. The 
results of the student needs questionnaire showed the student’s intention to use interactive and 
interesting learning media. 
The design stage consisted of designing the material, which conceptualised the materials to be made in 
the video and the design of the storyboard of the video animation. The concept of the material was 
correlated with daily life based on the learning outcomes of the coordination system material in grade XI. 
The video storyboard design was created as a preliminary sketch equipped with dialogue to present the 
visualisation of the coordination system. 

Students' understanding of concepts is low 

Students' cognitive ability decreases 

The need for learning media that can provide visualisation of 
bioprocesses in the body integrated with human activities. 

Video animation can be used as a learning media that can facilitate learning difficulties 

Teachers' difficulties in teaching coordination system material integrated with contextual learning 



Firdaus et al. | JPBI (Jurnal Pendidikan Biologi Indonesia), Vol. 10 Issue 2, 2024, 673-687 

675 

 

 

 

 

Figure 2. Chart of Research and Development Procedure Model 

 

The development and implementation stage was performed through the preproduction, production, 
postproduction and quality review stages. Created media assets using Adobe Illustrator and developed 
video animation products using Adobe Premier and Adobe After Effects software. Quality review 
consisted of standards review, editorial review, and functional review. 

The evaluation stage consisted of reaction, knowledge, performance, and impact. The evaluation was 
used to see the feasibility of the media. The media was evaluated through face validity by media experts, 
content validity by material experts, concurrent validity by ten students in each class as a practicality test, 
and construct validity in the control and experimental classes through a quasi-experimental design with 
a pretest-posttest control group design. Both groups were given treatment, pretest, and post-test to see 
the difference in treatment results. 

 

Research Sample 
 
This research has been approved by the school, teachers, and students. The participants in the study 
were 66 students of grade XI of science major at State Senior High School 2 Malang, Indonesia, who 
were studying coordination system topics. The learning design is illustrated in Figure 3. Sampling was 
conducted using a random sampling technique divided into two groups. Each group consisted of 33 
students. 
 

 

 
 
Figure 3. Summary of the research design applied in the two distinct groups. 

Posttest assessment (25 multiple choice questions) 

Pretest assessment (25 multiple choice questions) 
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Group 1 represented the control class that used PowerPoint media. Group 2 represented the 
experimental class using the animated video. The first assessment stage was a pretest using 25 multiple- 
choice questions based on Bloom’s Taxonomy Level 1 to measure students’ memory level and Bloom’s 
Taxonomy Level 2 to measure students’ comprehension level. Bloom levels 3 and 4 to measure students’ 
level of analytical understanding. 
 

Research Material 
In this study, the researcher created learning resources and media to improve the understanding of the 
coordination system. These learning resources and media included six episodes of video animations, an 
assessment of achievement to measure learning outcomes, and a student assessment of the video 
animations. 

a) Video animation 

Video animation was developed based on a coordination system, including nerves, hormones and 
senses, integrated with contextual learning. 

b) Evaluations of academic progress 

The researcher evaluated the achievement of cognitive abilities consisting of 25 pretest and 25 post- 
test items. The questions were arranged in order of difficulty level C1 to C4 of Bloom’s taxonomy. 

c) Questionnaire for evaluating video animation acceptance 

Data analysis of students’ responses to the use of video animation in biology learning was calculated 
using the Formula 1. Description: P: Percentage; ∑X: Total score; ∑Xi: Maximum score. 

 
P = ∑ 𝑋 x 100%                                                                                                                                          (1) 

∑ 𝑋𝑖 

 
The mean score will be compared with the student response criteria in Table 1. Two experts in the field 
evaluated all the assessments. The questionnaires were calculated using the percentage formula and 
scored using a Likert scale. The Pearson correlation coefficient (r) of the questionnaire was between 
0.77 and 0.8, which can be acceptable. Open-ended questions were easy to answer once respondents 
had understood the content. The questionnaire was not changed after the validity and reliability tests. 
The reliability of the questionnaire was analysed using Cronbach α. The Cronbach α coefficient was 0.84. 
A Cronbach α value between 0.73 and 0.92 indicated high reliability. 
 
Table 1. Student Response Criteria 

Percentage of Student Response Criteria 

80% ≤ Score < 100% Strongly positive 
60% ≤ Score < 80% Positive 
40% ≤ Score < 60% Moderately positive 
20% ≤ Score < 40% Less positive Score 
< 20% Strongly less positive 

Adapted from Arikunto (2014) 
 

Data Analysis 
The reliability and validity of the questionnaire were tested using Cronbach α and Pearson Correlation. 
The validity and reliability of the questionnaire were analysed using IBM SPSS 20 software. The one- 
way ANOVA (ANOVA, p = 0.05) analysis was conducted to see the equality of the two classes. To see 
the effectiveness of using animated videos on students’ understanding, the one-way ANOVA test was 
conducted on students’ pretest, and an unpaired T-test on students’ post-test scores to see the difference 
in students’ post-test means using the Excel software. 
 

Results and Discussion 
 
Animation Video Development 
The analysis stage was conducted on teachers and students through interviews and questionnaires 
regarding students’ needs. The results of the interview with the biology teacher of Senior High School 2 
Malang, Indonesia, showed that the teacher found it challenging to provide visualisation of the bioprocess 
of the coordination system in the body. The teacher provides an overview of the bioprocess of the 
coordination system to students through general videos on social media. The result of the analysis 
through the student needs questionnaire was that students had difficulty understanding the material of 
the coordination system because it was difficult to relate to events or daily life. Students tend to memorize 
the material without knowing where the bioprocess occurs and the consequences of the process. 
The design stage produced materials on the coordination system consisting of the human nervous 
system, nerve impulses, conscious movement, reflex movement, nerve impulse delivery mechanism, 
endocrine system, and sensory system. The materials that have been selected were made into a 



Firdaus et al. | JPBI (Jurnal Pendidikan Biologi Indonesia), Vol. 10 Issue 2, 2024, 673-687 

677 

 

 

sequence of stories that were integrated with everyday stories. The story was made into a series of 
storyboards. Meanwhile, the design of animated video assets was made using Adobe Illustrator. The 2D 
asset results were prepared to create a moving animation video using Adobe Effects. Effective design 
can support the delivery of material in an interactive and interesting manner. An integrated and consistent 
design also minimizes cognitive load, allowing greater focus on the material being presented, while 
appropriate visual elements such as character postures and characteristics as well as backgrounds that 
are relevant to the story, increase reader comfort and engagement. 
The development stage consisted of preproduction, production, postproduction and quality review. The 
preproduction stage began with creating a story script presented in Figure 4, video assets presented in 
Figure 5, and voice dubbing. The preproduction stage was developed from the storyboard created at the 
design stage. 
 

 

 

Figure 4. Script Video 

 

 
Figure 5. Video Asset Creation 

 
The production stage of development resulted in six animated videos being uploaded to the “Innovation 
Smart Solution” YouTube channel. Creating video assets was a 2D design of each part of the video. 
Asset design was made using Adobe Illustrator following the appearance of interest to users using 
cartoon style. The results of the video animation development consist of six episodes, as shown in Figure 
6, Figure 7, Figure 8, Figure 9, Figure 10, Figure 11. Video animation presents biochemical 
processes in the body and provides an overview of how these biochemical processes can affect human 
daily activities. The video animation raised several daily activities to be more easily understood and 
interpreted by students. 
Animated videos package daily phenomena in a witty video and with cute character illustrations, 
strengthening visual engagement and ensuring that users are not only entertained but also gain true and 
in-depth knowledge of the material presented. Effective animation helps explain difficult or abstract 
concepts, as well as logically illustrate processes or events, which makes it easier for users to follow and 
understand the material better (Barut Tugtekin & Dursun, 2022).  
 

Creating a video script based on a story that relates to the material of the coordination system 
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Figure 6. Episode 1: “Why do our eyes start to glaze over?” 

 
Episode 1 explores how the eyes glaze over in direct sunlight. This video discusses the nerve 
impulse transmission of the pupil reflex movement and how it processes in the body to cause 
the eyes to glaze. The video animation explained the bioprocesses that occur in the body and 
the response of the body. The video can be accessed on the YouTube link: 
https://www.youtube.com/watch?v=mFifiMEH6oQ. 
 

 
Figure 7. Episode 2: “How does the nervous process occur?” 

 
Episode 2 talked about the process of getting nervous. When we get nervous, our heart beats 
faster. Some people experience excessive sweat production, and in some circumstances, it 
can lead to panic attacks. The video explains the bioprocess of getting nervous and its effects. 
The video can be accessed at www.youtube.com/watch?v=gNdF2CObSOw. 
 

https://www.youtube.com/watch?v=mFifiMEH6oQ
http://www.youtube.com/watch?v=gNdF2CObSOw.
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Figure 8. Episode 3 “What is the process of dreaming?” 

 

Episode 3 told how dreaming occurs during sleep and the coordination system’s role in the 
dreaming process. The video animation showed the phases of dreaming and the hormonal 
processes that occur during dreaming. The video visualises how the coordination system 
affects the hormonal balance that influences the existence of dreams and the phases of 
dreaming. The video can be accessed on the YouTube link: https://youtu.be/-mGRHSH-21Y. 

 

 
Figure 9. Episode 4 “How drugs work in the body?” 

 
Episode 4 talked about how drugs affect the coordination system in the body. The video 
explained the biochemical processes that occur in the body when users take drugs and the 
effects they have on the body. The video visualises the process of drug substances affecting 
performance in the body and daily activities. The video can be accessed at the YouTube link: 
https://youtu.be/FRwY6HohyWQ. 

 
 

 

https://youtu.be/-mGRHSH-21Y
https://youtu.be/FRwY6HohyWQ
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Figure 10. Episode 5: “What are the dangers and adverse effects of drug consumption?” 
 
Episode 5 talked about how drugs adversely affect the bioprocesses in the body and cause 
various disorders in the body. The video animation explained the dangers of drugs to the human 
body. The video illustrates the risks the drugs pose, from mild to severe. The video can be 
accessed at https://youtu.be/ODanvrli4O4. 
 

 
Figure 11. Episode 6 “Stay healthy and drug-free” 

 

Episode 6 talked about managing drug users, healthy living, and avoiding drugs. This video 
aimed to socialise ways to avoid the dangers of drugs through various examples of positive 
activities that the student can do. The material delivered in the video was relaxed and 
persuasive so that students could understand it. The video can be accessed on the YouTube 
link: https://youtu.be/cwA7WAMXKgw. 

The final stage of development was postproduction and quality review. The final results of the 
video animation media can present material following the concepts in the coordination system, 
and the animation can play well without bugs, with clear sound, clear graphics, and dubbing 
with clear articulation. Video animations that have passed this stage will be evaluated and 
tested. The evaluation stage consisted of level 1: reaction, level 2: knowledge, level 3: performance, and 
level 4: impact. However, in this study, the evaluation was conducted at level 1 and level 2. In the initial 
stage, the media was evaluated through face validity by media experts with a result of 97%, with a note 

https://youtu.be/ODanvrli4O4
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of improvement in the video given subtitles to make it easier for users and content validity by material 
experts with a result of 100%.  

Level 1: reaction was conducted through a concurrent validity test by ten students in the control and 
experimental classes. Students were requested to provide an assessment of the animated video using a 
questionnaire sheet distributed after students tried the animated video media. The concurrent validity test 
experiment selected 10 participants with high, middle, and low cognitive scores. The questionnaire 
results in the concurrent validity experiment were that the appearance of the media was 90%, the user-
friendly was 100%, and the suitability of the material was 90%. There were suggestions for revision in 
the appearance section, such as adding a title at the beginning of the video and simplifying the 
visualisation of biochemical processes. The material was good but needed to be aligned with the material 
in the student handbook. Concurrent validity validation is very important to ensure that the learning media 
used can be operated practically by students (Garbett, dkk., 2022). This process involves evaluating and 
testing learning media to ensure that all aspects, from appearance, ease of use, to understanding the 
material, meet high practical standards (Darmayanti, et al., 2022). The very valid validation results 
indicate that the media is not only effective but also efficient and easily accessible to students with various 
levels of cognitive abilities. The detailed concurrent validity test results are presented in Figure 12. 

 

 
Figure 12. Results of the Concurrent Validity Test 

Level 2: knowledge was performed through a construct validity test as a media effectiveness test with a 
quasi-experimental design using control and experimental classes. The data collected were pretest- 
posttest and student response questionnaires. The results of the student response questionnaire to the 
media appearance showed that 97% of students were interested in the animation display because it was 
interesting and easier to understand. User-friendly was 100%. The video has been uploaded to the 
YouTube channel “Inovasiin Smart Solution,” making it easier for users to access. The suitability of the 
material results in 95%; the materials have been adjusted to the learning outcomes of high school grade 
XI students. Based on the results of the implementation and student response questionnaire, the media 
can consider that the response meets the very positive category so that it can be used in learning. 
Animated videos are a learning media that is rich in visualization and interactivity, helping students 
understand scientific concepts more deeply through simulations and interesting stories. Animated 
representations in videos must be clear and easy to understand, including depictions of phenomena, 
storylines and stories that are relevant to the target audience (Pandaleke, dkk., 2020). Student feedback 
collected through the questionnaire sheet on the animated video is summarised in Figure 13. 
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Figure 13. Student response results 

The one-way ANOVA test was tested before implementation to determine the difference in pretest means 
between the two groups. Implementation was conducted using the quasi-experiment research with a 
pretest-posttest control group design. This was used to see the starting point of whether the pretest 
results of the two classes had the same average. Before the one-way ANOVA test, normality and 
homogeneity tests were performed as prerequisite tests. The results of the normality test of the pretest 
of both groups are presented in Table 2. The normality test results have a significance level of 0.526 > 
0.05 in pretest data and 0.407 > 0.05 in post-test data, which means the data is normally distributed. The 
detailed homogeneity test results are in Table 3. The homogeneity test results obtained a significance 
value of 0.591 > 0.05. Thus, it can be concluded that the data is homogenous. The data is declared 
normal and homogeneous so that the one-way ANOVA test can be proceeded. 
 
Table 2. Normality Test of Pretest Data of Control and Experimental Classes 

 Class Kolmogorov-Smirnova Shapi ro-W ilk 

 Statistic df Sig. Statistic df Sig. 

Pretest Control 0.104 32 0.200* 0.971 32 0.526 

 Experiment 0.119 31 0.200* 0.966 31 0.407 

*. This is a lower bound of the true significance.                a. Lilliefors Significance Correction  
 
Table 3. Homogeneity Test of Pretest 

 
The one-way ANOVA test was conducted on the pretest scores. The results of the significance value 
obtained a value of 0.979 > 0.05, so it can be concluded that the pretest averages of the two classes 
were not significantly different or the same. The one-way ANOVA test data is presented in Table 4. It 
can be concluded that the starting point, the pretest value, was not different between the control and 
experimental classes, so the difference in post-test averages can be used as a benchmark for the 
difference in value significance. 
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Table 4. One-way ANOVA test of Pretest 

 Some of df Mean Square F Sig. 

Between Groups 0.043 1 0.043 0.001 0.979 

Within Groups 3956.274 61 64.857 
Total 3956.317 62 

The significance value of the post-test between the control and experimental groups was determined 
using an independent T-test. Before the independent T-test, the data should be tested for normality and 
homogeneity as a prerequisite test. The results of the post-test data normality test obtained a significance 
value of 0.105 > 0.05 and 0.275 > 0.05, so it can be concluded that the data was normally distributed. 
The results of the post-test data normality test are in Table 5. The results of the post-test data 
homogeneity test obtained a significance value of 0.591 > 0.05, so it can be concluded that the data was 
homogeneous. The post-test data was normally distributed and homogeneous, so the independent T- 
test could have proceeded. 

 
Table 5. Normality Test of Post-test Score of Control and Experimental Classes 

 Kelas Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Post-test Control 0.173 32 0.016 0.945 32 0.105 

 Experiment 0.136 31 0.146 0.959 31 0.275 

 

The effectiveness of using video animation in improving students’ cognitive abilities was tested using the 
Independent T-test. Data was taken using quasi-experiment research with pretest-posttest control group 
design. The Independent T-test results obtained a significance of 0.006 < 0.05, so it can be concluded that 
there was a significant difference in the average post-test between the two classes. Video animation media 
was effective in improving students’ cognitive abilities. The detailed independent T-test results are 
presented in Table 6. 
 
Table 6. Independent T-test results 

 Levene’s Test 
for Equality of 

Variance 

t-test for Equality of Means 

F Sig. t df Sig. 
(2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% 
Confidence 

Interval of the 
Difference 

Lower Upper 

Score Equal 
variances 
assumed 

3.120 0.082 -2.822 61 0.006 -4.469 1.58 -7.63 -1.30 

 Equal 
variances 
not 
assumed 

  -2.836 56.826 0.006 -4.469 1.57 -7.62 -1.31 

 
The use of learning videos in learning coordination system material has a significant effect, as seen from 
the difference in pretest and post-test scores of the control class and experimental class. The control 
class had an average increase from 76.38 to 84.56, with a difference of 8.19 points. The experimental 
class had an average increase from 76.32 to 89.03, with a difference of 12.71. The significance of this 
value can be interpreted as an increase in cognitive abilities in learning in the experimental class.  

 

Effectiveness of using animated videos to improve students’ 
cognitive ability 
The enhancement of cognitive ability is caused by the main determining factor, which is the effectiveness 
of the learning media (Syakur et al., 2020). Video animation learning media can simultaneously deliver 
knowledge through combined visual and audio elements (Knapp et al., 2022). Audio-visual delivery can 
facilitate students’ understanding of abstract concepts (Kadarisman et al., 2023). Video animation can 
capture students’ attention and increase their learning drive (Rissanen & Costello, 2023). Video 
animation can also optimally facilitate audio and visual students’ learning styles (Zardecki et al., 2022). 
Video animation can allow students to acquire knowledge that suits their individual learning preferences 
(Dorfman et al., 2019). Research findings showed that incorporating animated learning videos into 
teaching coordination system materials greatly improved students’ cognitive abilities (Bloch et al., 2015; 
Deaton et al., 2013). 
The coordination system is composed of the process of cooperation of various organs and tissues, which 
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is a crucial factor in understanding the various functions of systems in the body (Hadiprayitno et al., 
2019). Many students find it challenging to understand the content and concepts of the coordination 
system (Susanto et al., 2022). This challenge is aggravated by some abstract ideas, such as how nerves 
and hormones work, which are complex and difficult to visualise (Damopolii et al., 2023). The dynamism 
of the coordination system in response to changes in the internal and external environment adds to the 
complexity of understanding (Hadiprayitno et al., 2019). 

Video animation overcomes difficulties in the coordination system in the context of learning (Lepito, 
2018). Video animation provides the ability to convey information visually, facilitating students’ 
understanding of abstract ideas in the coordination system (Sumida & Jefcoat, 2018). The nature of video 
animation enhanced its ability to provide information dynamically, thus facilitating a more comprehensive 
understanding of the process of coordination system function. The interactive aspect of video animation 
can increase students’ enthusiasm for learning and actively engage them in the learning process 
(Rissanen & Costello, 2023). 
Using video animation to study the coordination system has many benefits, such as improving students’ 
understanding of abstract ideas and operational principles (Muhamedyev et al., 2014; Anwar, et al., 
2023). Video animation also increases students’ motivation and cultivates their active participation in the 
learning process (Raman et al., 2015). Interactive learning that involves students will improve students’ 
understanding (Pangestuti et al., 2015). 
Using video animation in teaching the coordination system significantly improved learning outcomes, as 
students using this media showed superior learning outcomes. However, data collection in the research 
was undoubtedly problematic as it was conducted during the last class hour and daytime learning. It was 
difficult for students to focus because it was near dismissal time. Therefore, the teacher needs to act in 
activating students’ enthusiasm in the classroom. In addition, the material in the video animation is limited 
to the coordination system of grade XI, so it is expected to make video animations on different topics. 

 

Conclusion 
 
Research and development of video animation on coordination systems showed valid, practical, and 
effective. The product can be accessible on the YouTube channel “Inovasiin Smart Solution”. The results 
of media development obtained a media validation score of 97% and material validation of 100%. 
Learning media has been tested practical and effective in enhancing students’ cognitive abilities through 
various advantages of video animation media, so it can become one of the recommendations for learning 
media in teaching coordination systems. The suggestion for further research should be to implement with 
more prepared students to minimise external factors affecting the results. In addition, the application of 
video animation should be studied in various topics at higher education levels to make the effectiveness 
results more accurate. 

 

Acknowledgment 
 

The author would like to thank all related, especially the supervisor, for providing guidance and support 

in completing this research and publication. The researcher extends gratitude to the science instructor 

and all State Senior High School 2 Malang, Indonesia students who actively participated in this research. 

This research is part of a thesis funded by the Beasiswa Pendidikan Indonesia (BPI) through the 

Education Financing Service Center (PUSLAPDIK) and the Education Fund Management Institute 

(LPDP) 2023.  

 

Conflicts of Interest 

The authors declare that there is no conflict of interest regarding the publication of this paper. 
 

Author Contributions 

Z. Firdaus: writing original draft preparation, methodology, analysis; S. Zubaidah: responsible, review 
and editing; M. Munzil: review. 

 

References 

Amrullah, S. H., Rustam, A., Armita, D., Meriem, S., Makmur, K., & Aziz, I. R. (2021). Islam dan Biologi. 
Jakarta: Alauddin University Press. 

Anwar, Y., Slamet, A., & Daniaty, U. (2023). Improving critical thinking skills through discovery learning 
models assisted animation video on digestive system material. JPBI (Jurnal Pendidikan Biologi 
Indonesia), 9(3), 433-444. https://doi.org/10.22219/jpbi.v9i3.29042 

https://doi.org/10.22219/jpbi.v9i3.29042


Firdaus et al. | JPBI (Jurnal Pendidikan Biologi Indonesia), Vol. 10 Issue 2, 2024, 673-687 

685 

 

 

Arikunto, S., & Jabar, C. S. A. (2014). Educational Program Evaluation: a theoretical guide for 
educational practitioners. Jakarta : Bumi Aksara. 

Barut Tugtekin, E., & Dursun, O. O. 2022. Effect of animated and interactive video variations on 
learners' motivation in distance Education. Education and Information Technologies, 27(3), 3247-
3276. https://doi.org/10.1007/s10639-021-10735-5  

Bloch, N., Weiss, G., Szekely, S., & Harel, D. (2015). An interactive tool for animating biology and its 
use in spatial and temporal modelling of a cancerous tumor and its microenvironment. PLoS 
ONE, 10(7). https://doi.org/10.1371/journal.pone.0133484 

Bouali, R., Zaki, M., Agorram, B., Benjelloun, N., Anouar, A., & Lhoussaine, M. (2022). Effectiveness of 
animation-based instruction on university students’ achievement in cell biology. World Journal on 
Educational Technology: Current Issues, 14(5), 1422–1433. 
https://doi.org/10.18844/wjet.v14i5.7213 

Cardozo, L. T., Castro, A. P., Guimarães, A. F., Gutierrez, L. L. P., Montrezor, L. H., & Marcondes, F. 
K. (2020). Integrating synapse, muscle contraction, and autonomic nervous system game: effect on 

learning and evaluation of students’ opinions. Advances in Physiology Education, 44(2), 153–
162. https://doi.org/10.1152/advan.00169.2019 

Damopolii, I., Nunaki, J. H., Wiranto, W., & Paiki, F. F. (2023). The effectiveness of human nervous 
system comic as an alternative for online learning during Covid-19. AIP Conference 
Proceedings, 2540(1). https://doi.org/10.1063/5.0105777 

Darmayanti, R., Sugianto, R., Baiduri, B., Choirudin, C., & Wawan, W. 2022. Digital comic learning 
media based on character values on students’ critical thinking in solving mathematical problems 
in terms of learning styles. Al-Jabar: Jurnal Pendidikan Matematika, 13(1), 49-66. 
https://dx.doi.org/10.2139/ssrn.4803023  

Deaton, C. C. M., Deaton, B. E., Ivankovic, D., & Norris, F. A. (2013). Creating Stop-Motion Videos with 
iPads to Support Students’ Understanding of Cell Processes:’ Because You Have to Know What 
You’re Talking about to Be Able to Do It”. Journal of Digital Learning in Teacher Education, 
30(2), 67–73. https://doi.org/10.1080/21532974.2013.10784729 

Dorfman, B.-S., Terrill, B., Patterson, K., Yarden, A., & Blonder, R. (2019). Teachers personalise videos 
and animations of biochemical processes: results from a professional development workshop. 
Chemistry Education Research and Practice, 20(4), 772–786. https://doi.org/10.1039/c9rp00057g 

Fiani, B., Zhu, L., Musch, B. L., Briceno, S., Andel, R., Sadeq, N., & Ansari, A. Z. (2021). The 
neurophysiology of caffeine as a central nervous system stimulant and the resultant effects on 
cognitive function. Cureus, 13(5). https://doi.org/10.7759/cureus.15032 

Firdaus, Z., Izza, J. N., Aruna, A., Novaldi, M. D., & Setiawan, D. (2022). Pengembangan mikroskop 
online interaktif pada materi biologi sel guna revitalisasi pembelajaran praktikum daring. JINoP 
(Jurnal Inovasi Pembelajaran), 8(1), 95–105. https://doi.org/10.22219/jinop.v8i1.18997 

Garbett, K. M., Craddock, N., Haywood, S., Nasution, K., White, P., Saraswati, L. A., ... & Williamson, 
H. 2022. A novel, scalable social media–based intervention (“Warna-Warni Waktu”) to reduce 
body dissatisfaction among young Indonesian women: Protocol for a parallel randomized 
controlled trial. JMIR Research Protocols, 11(1), e33596. https://preprints.jmir.org/preprint/33596  

Ghofur, A., & Zubaidah, S. (2023). Augmented Reality Technology Based on Biological Practicum Due 
to Improving Student’s Ability of Digital Literacy. 4th International Conference on Progressive 
Education 2022 (ICOPE 2022), 632–646. https://doi.org/ https://doi.org/10.2991/978-2-38476- 
060-2_58 

Hadiprayitno, G., Muhlis, & Kusmiyati. (2019). Problems in learning biology for senior high schools in 
Lombok Island. Journal of Physics: Conference Series, 1241(1). https://doi.org/10.1088/1742- 
6596/1241/1/012054 

Hammer, M. (2020). Identifying antecedents to learning effectively with digital media: a student- 
centered approach. tobias-lib.ub.uni-tuebingen.de. http://dx.doi.org/10.15496/publikation-51795 

Kadarisman, I., Pursitasari, I. D. ., & Jaenudin, D. . (2023). Ecoliteracy of Junior High School Students 
through Phenomenon Based Learning on the Interaction of Living Things with the Environment. 
Jurnal Penelitian Pendidikan IPA, 9(11), 9075–9086. https://doi.org/10.29303/jppipa.v9i11.5180 

Knapp, P., Benhebil, N., Evans, E. et al. The effectiveness of video animations in the education of 
healthcare practitioners and student practitioners: a systematic review of trials. Perspect Med 
Educ 11, 309–315 (2022). https://doi.org/10.1007/s40037-022-00736-6 

Lee, W. W., & Owens, D. L. 2004. Multimedia-based instructional design: computer-based training, 
web-based training, distance broadcast training, performance-based solutions. John Wiley & 
Sons. California: Pfeiffer 

Leksono, S. M., Marianingsih, P., Ilman, E. N., & Maryani, N. (2021). Online Learning Media on Biology 
Conservation: Rawa Danau Nature Reserve Website. International Journal of Interactive Mobile 
Technologies, 15(8), 87–100. https://doi.org/10.3991/ijim.v15i08.21567 

Lepito, A. (2018). Where animation and science meet. Integrative and Comparative Biology, 58(6), 
1279–1282. https://doi.org/10.1093/icb/icy074 

Loseñara, J. M., & Jugar, R. R. (2023). Technological, Pedagogical, and Content Knowledge of 
Diploma in Professional Education Graduates Teaching Biology. Journal of Biological Education 
Indonesia (Jurnal Pendidikan Biologi Indonesia), 9(1), 1-14. 
https://doi.org/10.22219/jpbi.v9i1.24070 

Marshall, A. L., & Wolanskyj-Spinner, A. (2020). COVID-19: challenges and opportunities for educators 

https://doi.org/10.1007/s10639-021-10735-5
https://doi.org/10.1371/journal.pone.0133484
https://doi.org/10.18844/wjet.v14i5.7213
https://doi.org/10.1152/advan.00169.2019
https://doi.org/10.1063/5.0105777
https://dx.doi.org/10.2139/ssrn.4803023
https://doi.org/10.1080/21532974.2013.10784729
https://doi.org/10.1039/c9rp00057g
https://doi.org/10.7759/cureus.15032
https://doi.org/10.22219/jinop.v8i1.18997
https://preprints.jmir.org/preprint/33596
https://doi.org/10.2991/978-2-38476-060-2_58
https://doi.org/10.2991/978-2-38476-060-2_58
https://doi.org/10.1088/1742-6596/1241/1/012054
https://doi.org/10.1088/1742-6596/1241/1/012054
http://dx.doi.org/10.15496/publikation-51795
https://doi.org/10.29303/jppipa.v9i11.5180
https://doi.org/10.1007/s40037-022-00736-6
https://doi.org/10.3991/ijim.v15i08.21567
https://doi.org/10.1093/icb/icy074
https://doi.org/10.22219/jpbi.v9i1.24070


Firdaus et al. | JPBI (Jurnal Pendidikan Biologi Indonesia), Vol. 10 Issue 2, 2024, 673-687 

686 

 

 

and generation Z learners. Mayo Clinic Proceedings, 95(6), 1135–1137. 
https://doi.org/10.1016/j.mayocp.2020.04.015 

Min, S., Lyu, X., Holtzman, A., Artetxe, M., Lewis, M., Hajishirzi, H., & Zettlemoyer, L. (2022). Rethinking 
the role of demonstrations: What makes in-context learning work? ArXiv Preprint 
ArXiv:2202.12837. https://doi.org/10.48550/arXiv.2202.12837 

Mosca, J. B., Curtis, K. P., & Savoth, P. G. (2019). New Approaches to Learning for Generation Z. 
Journal of Business Diversity, 19(3). 
https://articlearchives.co/index.php/JBD/article/view/1786/1767 

Muhamedyev, R., Mansharipova, A., & Muhamedyeva, E. (2014). Visualization of Biological Processes 
Described by Models of Apoptosis. Life Science Journal, 11(10), 320-327. 
https://doi.org/10.7537/marslsj111014.46 

Pandaleke, M., Munzil, M., & Sumari, S. 2020. Pengembangan Media Pelajaran Kelas Flipped 
Berbasis Animasi untuk Meningkatkan Pemahaman Konsep Kimia. Jurnal Pendidikan: Teori, 
Penelitian, Dan Pengembangan, 5(3), 387-394. https://dx.doi.org/10.17977/jptpp.v5i3.13293  

Pangestuti, A. A., Mistianah, M., Corebima, A. D., & Zubaidah, S. (2015). Using Reading-Concept Map-
Teams Games Tournament (Remap-TGT) to Improve Reading Interest of Tenth Grade Student of 
Laboratory Senior High School State University of Malang. American Journal of Educational 
Research, 3(2), 250–254. https://doi.org/10.12691/education-3-2-19 

Peng, P., & Kievit, R. A. (2020). The development of academic achievement and cognitive abilities: A 
bidirectional perspective. Child Development Perspectives, 14(1), 15–20. 
https://doi.org/10.1111/cdep.12352 

Persada, S. F., Miraja, B. A., & Nadlifatin, R. (2019). Understanding the Generation Z Behavior on D- 
Learning: A Unified Theory of Acceptance and Use of Technology (UTAUT) Approach. 

Raman, R., Haridas, M., & Nedungadi, P. (2015). Blending concept maps with online labs for STEM 
learning. In Advances in Intelligent Systems and Computing (Vol. 320, pp. 133–141). Springer 
Verlag. https://doi.org/10.1007/978-3-319-11218-3_14 

Ratan, R. R. (2020). The chemical biology of ferroptosis in the central nervous system. Cell Chemical 
Biology, 27(5), 479–498. https://doi.org/10.1016/j.chembiol.2020.03.007 

Rezeki, R., Sitompul, H., & Situmorang, J. (2020). The effect of learning strategies and cognitive styles 
on learning outcomes of mathematics after controlling intelligence. Budapest International 
Research and Critics in Linguistics and Education (BirLE) Journal, 3(2), 1151-1163. 
https://doi.org/10.33258/birle.v3i2.1048 

Rissanen, A., & Costello, J. M. (2023). The effectiveness of interactive online tutorials in first-year large 
biology course. Journal of Applied Research in Higher Education, 15(3), 632–649. 
https://doi.org/10.1108/JARHE-09-2020-0312 

Saadah, I. N., Hadi, S., Budiyanto, M. A. K., Rahardjanto, A., & Hudha, A. M. (2022). Development of 
articulate storyline learning media to improve biology learning outcomes for junior high school 
students. Research and Development in Education (RaDEn), 2(2), 51-56. 
https://doi.org/10.22219/raden.v2i2.23232 

Safitri, D., Lestari, I., Maksum, A., Ibrahim, N., Marini, A., Zahari, M., & Iskandar, R. (2021). Web- Based 
Animation Video for Student Environmental Education at Elementary Schools. 

Sari, S., Zulfa, N., & Irwansyah, F. S. (2023). Making Android-Based Augmented Reality in Buffer 
Solution Practicum to Improve Students Multiple Representation Ability. Jurnal Penelitian 
Pendidikan IPA, 9(11), 9094–9100. https://doi.org/10.29303/jppipa.v9i11.5387 

Schröter, H., & Bar-Kochva, I. (2019). Stichwort: Lesekompetenz. Lesekompetenzen in Deutschland 
und zugrunde liegende kognitive Fähigkeiten. Zeitschrift Für Erziehungswissenschaft. 
https://doi.org/10.1007/s11618-018-00864-y 

Scott-Solomon, E., Boehm, E., & Kuruvilla, R. (2021). The sympathetic nervous system in development 
and disease. Nature Reviews Neuroscience, 22(11), 685–702. https://doi.org/10.1038/s41583-
021-00523-y 

Setiawan, D., Fitriyati, U., Fachrunnisa, R., Sunarmi, S., Izza, J. N., & Firdaus, Z. (2023). 
Pengembangan Cell Thru Augmented Reality pada Matakuliah Biologi Sel. Jurnal Pendidikan 
Biologi, 13(2), 121–130. http://dx.doi.org/10.17977/um052v13i2p121-130 

Siregar, R., & Harahap, H. S. (2022). The Use of Biology-Based Learning Module Android and Their 
Effect on Learning Outcomes on Coordination System Materials in Class XI IPA in Mas Islamiah 
Kotapinang. Budapest International Research and Critics Institute (BIRCI-Journal) : Humanities, 
5(2), 16870–16880. https://doi.org/10.33258/birci.v5i2.5619 

Stadlinger, B., Jepsen, S., Chapple, I., Sanz, M., & Terheyden, H. (2021). Technology-enhanced 
learning: a role for video animation. British Dental Journal, 230(2), 93-96. 
https://doi.org/10.1038/s41415-020-2588-1  

Sumida, S. S., & Jefcoat, B. (2018). Anatomy, Animation, and Visual Effects: The Reciprocal Tools of 
Biology and Film-Making. Integrative and Comparative Biology, 58(6), 1269–1278. 
https://doi.org/10.1093/icb/icy092 

Susanto, H., Setiawan, D., Mahanal, S., Firdaus, Z., & Kusmayadi, C. T. (2024). Development and 
evaluation of e-comic nervous system app to enhance self-directed student learning. JPBI 
(Jurnal Pendidikan Biologi Indonesia), 10(1), 143-153. https://doi.org/10.22219/jpbi.v10i1.31451 

Susanto, L. H., Rostikawati, R. T., Novira, R., Sa’diyah, R., Istikomah, I., & Ichsan, I. Z. (2022). 
Development of Biology Learning Media Based on Android to Improve Students Understanding. 
Jurnal Penelitian Pendidikan IPA, 8(2), 541–547. https://doi.org/10.29303/jppipa.v8i2.1334 

https://doi.org/10.1016/j.mayocp.2020.04.015
https://doi.org/10.48550/arXiv.2202.12837
https://articlearchives.co/index.php/JBD/article/view/1786/1767
https://doi.org/10.7537/marslsj111014.46
https://dx.doi.org/10.17977/jptpp.v5i3.13293
https://doi.org/10.12691/education-3-2-19
https://doi.org/10.1111/cdep.12352
https://doi.org/10.1007/978-3-319-11218-3_14
https://doi.org/10.1016/j.chembiol.2020.03.007
https://doi.org/10.33258/birle.v3i2.1048
https://doi.org/10.1108/JARHE-09-2020-0312
https://doi.org/10.22219/raden.v2i2.23232
https://doi.org/10.29303/jppipa.v9i11.5387
https://doi.org/10.1007/s11618-018-00864-y
https://doi.org/10.1038/s41583-021-00523-y
https://doi.org/10.1038/s41583-021-00523-y
http://dx.doi.org/10.17977/um052v13i2p121-130
https://doi.org/10.33258/birci.v5i2.5619
https://doi.org/10.1038/s41415-020-2588-1
https://doi.org/10.1093/icb/icy092
https://doi.org/10.22219/jpbi.v10i1.31451
https://doi.org/10.29303/jppipa.v8i2.1334


Firdaus et al. | JPBI (Jurnal Pendidikan Biologi Indonesia), Vol. 10 Issue 2, 2024, 673-687 

687 

 

 

Syakur, A., Sugirin, & Widiarni. (2020). The Effectiveness of English Learning Media through Google 
Classroom in Higher Education. Britain International of Linguistics Arts and Education (BIoLAE) 
Journal, 2(1), 475–483. https://doi.org/10.33258/BIOLAE.V2I1.218 

Szymkowiak, A., Melović, B., Dabić, M., Jeganathan, K., & Kundi, G. S. (2021). Information technology 
and Gen Z: The role of teachers, the internet, and technology in the education of young people. 
Technology in Society, 65, 101565. https://doi.org/10.1016/j.techsoc.2021.101565 

Teixeira, D. E., Benchimol, M., Rodrigues, J. C. F., Crepaldi, P. H., Pimenta, P. F. P., & de Souza, W. 
(2013). The Cell Biology of Leishmania: How to Teach Using Animations. PLoS Pathogens, 
9(10). https://doi.org/10.1371/journal.ppat.1003594 

Virijai, F., & Asrizal, A. (2023). Development of Ethnophysics-Based Augmented Reality Assisted 
Digital Teaching Material for 21st Century Learning. Jurnal Penelitian Pendidikan IPA, 9(11), 
9200–9209. https://doi.org/10.29303/jppipa.v9i12.4583 

Xu, D., Wu, D., Qin, M., Nih, L. R., Liu, C., Cao, Z., Ren, J., Chen, X., He, Z., & Yu, W. (2019). Efficient 
delivery of nerve growth factors to the central nervous system for neural regeneration  Advanced 
Materials, 31(33), 1900727. https://doi.org/10.1002/adma.201900727  

Yang, J., Wang, R., Ren, Y., Mao, J., Wang, Z., Zhou, Y., & Han, S. (2020). Neuromorphic engineering: 
from biological to spike‐based hardware nervous systems. Advanced Materials, 32(52), 2003610. 
https://doi.org/10.1002/adma.202003610 

Zardecki, C., Dutta, S., Goodsell, D. S., Lowe, R., Voigt, M., & Burley, S. K. (2022). PDB-101: 
Educational resources supporting molecular explorations through biology and medicine. Protein 
Science, 31(1), 129–140. https://doi.org/10.1002/pro.4200 

Zubaidah, S. (2018). Mengenal 4C: Learning and innovation skills untuk menghadapi era revolusi 
industri 4.0. 2nd Science Education National Conference, 13(2), 1–18. 
https://www.researchgate.net/publication/332469989_MENGENAL_4C_LEARNING_AND_INNO
VATION_SKILLS_UNTUK_MENGHADAPI_ERA_REVOLUSI_INDUSTRI_40_1#fullTextFileCont
ent  

https://doi.org/10.33258/BIOLAE.V2I1.218
https://doi.org/10.1016/j.techsoc.2021.101565
https://doi.org/10.1371/journal.ppat.1003594
https://doi.org/10.29303/jppipa.v9i12.4583
https://doi.org/10.1002/adma.201900727
https://doi.org/10.1002/adma.202003610
https://doi.org/10.1002/pro.4200
https://www.researchgate.net/publication/332469989_MENGENAL_4C_LEARNING_AND_INNOVATION_SKILLS_UNTUK_MENGHADAPI_ERA_REVOLUSI_INDUSTRI_40_1#fullTextFileContent
https://www.researchgate.net/publication/332469989_MENGENAL_4C_LEARNING_AND_INNOVATION_SKILLS_UNTUK_MENGHADAPI_ERA_REVOLUSI_INDUSTRI_40_1#fullTextFileContent
https://www.researchgate.net/publication/332469989_MENGENAL_4C_LEARNING_AND_INNOVATION_SKILLS_UNTUK_MENGHADAPI_ERA_REVOLUSI_INDUSTRI_40_1#fullTextFileContent

