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Abstract: As times evolve, numerous advanced technologies emerge to support human activities. Augmented 

reality, a technology that integrates virtual objects with real-world elements in the physical environment, is 

particularly noteworthy. In the field of education, augmented reality is widely applied to enhance the 

interactivity of the teaching and learning process. This study endeavours to create an application focused on the 

human digestive system, with the aim of presenting digestive organs in three dimensions. Unlike traditional 

learning media, which typically feature two-dimensional images or videos of digestive organs, the Augmented 

Reality Human Digestive System (ARSIPERSIA) application addresses the challenge of visualizing authentic 

human digestive organs. Unity 3D and Vuforia were employed in the development of this application. The 

application underwent comprehensive testing through two methodologies: black box testing and usability 

testing. The results of the black box testing affirm the effective functionality of the application, covering tasks 

such as image target scanning, information display, and interactive quizzes. Usability testing findings indicate 

that ARSIPERSIA facilitates students in visualizing human digestive organs, provides relevant information, 

enhances comprehension of the digestive system, and sparks students' interest and motivation through 

captivating learning media. 
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1. Introduction 

 The rapid development of technology plays a crucial role in daily activities, making it 

an integral part of human life. Technological advancements have influenced various 

aspects of life, such as business, socio-culture, economy, health, and education, requiring 

individuals to adapt to these changes. The advantage brought by technological progress 

lies in the discovery of sophisticated technologies that aid in daily activities, one of which 

is augmented reality (AR) technology. 

Augmented reality, or AR, is a technology that combines real-time virtual objects with 

objects in the real world (Sukhdheve, 2021). It has gained popularity among the public 

and has been extensively developed to assist people in their everyday tasks. In the realm 

of education, where this technology has been employed, it is recognized that AR presents 

novel prospects for customizing diverse learning devices, thereby creating a unique 

learning approach capable of accommodating various types of students (Suzanna & Gaol, 

2021). One notable application of AR is in the field of education, particularly as a learning 

tool for human anatomy. 

Human anatomy is a branch of biology that studies the structure of the human body. 

It provides detailed explanations by breaking down the human body into smaller parts to 

understand the function of each component (Umar & Utama, 2021). According to 

Srivastava (Srivastava et al., 2020), the human body's anatomy is composed of several 

parts, namely the skeletal system, muscular system, circulatory system, digestive system, 
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nervous system, respiratory system, immune system, lymphatic system, excretory system, 

urinary system, reproductive system, and sensory system. However, for this research, the 

application solely focuses on the human digestive system. The digestive system is a 

process carried out by the digestive organ system to process food so that the nutrients can 

be absorbed and converted into energy for human use (Thomson &  Friendship, 2019). 

According to Zubaidah (Zubaidah et al., 2017), the human digestive system consists of 

main organs in the form of the digestive tract and accessory organs. The digestive tract is 

the pathway through which food passes, starting from the mouth, esophagus, stomach, 

small intestine, large intestine, rectum, and ending at the anus (Elgazzar & Alenezi, 2022). 

As for the accessory organs, they include the tongue, teeth, salivary glands, liver, 

gallbladder, and pancreas (McQuilken, 2021). 

The development of mobile-based learning methods in the field of biology is still in 

progress in Indonesia. Among the six types of mobile-based learning, one is Augmented 

Reality (AR)-based mobile, as mentioned by Adkins (Adkins, 2014). Mobile Edu-games 

are also on the rise, as evidenced by a previous study conducted by Weng (Weng et al., 

2016). AR development in the field of Biology began as a simulation tool to deliver 

educational content. When learning about the human digestive system, educational media 

often rely on animations or 2D images to illustrate the structure of digestive organs (Arifin 

et al., 2022). However, this approach has limitations as students lack a tangible 

representation of the human body's organs. To tackle this issue, the concept of creating an 

application called "ARSIPERSIA" emerged. By leveraging augmented reality technology, 

it is anticipated that users, particularly 8th grade students, will be able to visualize the 

human digestive organs. Furthermore, the application will offer detailed information on 

each part of the digestive system and incorporate quizzes to assess users' comprehension 

of the subject. 

The utilization of this learning media is expected to enhance students' cognitive 

processes, facilitating a better understanding and recognition of the human digestive 

system. By providing a more captivating and interactive learning experience, students can 

acquire a more comprehensive grasp of the intricate concepts related to the human 

digestive system (Sungkur et al., 2016). The aim of this educational media is to aid students 

in better recognizing and comprehending the human digestive system, which, in turn, 

leads to an improvement in their mindset when it comes to understanding the subject 

matter (Mat-jizat et al., 2017). 

The need to investigate the human digestive system through an augmented reality 

application for educational purposes encompassed both theoretical and practical aspects 

(Albrecht et al., 2013). Theoretical urgency arose from the prospect of enhancing the 

learning experience and accommodating diverse learning styles, while practical urgency 

was rooted in applying knowledge to real-world scenarios, preparing students for future 

careers, and ensuring global access to educational materials. The incorporation of 

augmented reality in education had the potential to significantly advance teaching and 

learning methodologies in the examination of the human digestive system (Fuchsova & 

Korenova, 2019). 

2. Materials and Methods 

Within the framework of the human body, the digestive system, intricately 

intertwined with its complement of accessory organs, encompassed an extensive array of 

specific components (Sensoy, 2021), meticulously delineated, and visually represented in 

Figure 1. This sophisticated network, characterized by its complexity, assumed a vital and 

multifaceted role in the intricate process of food digestion and nutrient extraction, thereby 

playing a pivotal part in fostering the overall well-being and physiological equilibrium of 

the human organism.  
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Figure 1. Human digestive system (Safitri, 2019) 

 

The mouth, also known as the oral cavity, serves as the entry point for both food and 

air. Here, food undergoes initial mechanical and chemical digestion through the action of 

teeth (Stokes et al., 2013). The esophagus acts as a passage, carrying food from the mouth 

to the stomach, where no digestion occurs (Peate, 2021). The stomach, a temporary storage 

sac for food, is situated in the left part of the abdominal cavity beneath the chest cavity 

(Abed et al., 2021). Moving along the digestive tract, the small intestine, approximately 

8.25 meters in length, comprises the duodenum, jejunum, and ileum (Ivanovich et al., 

2017). These segments collaborate to digest food into absorbable units that enter the 

bloodstream (Wu et al., 2023). The large intestine, segmented into the cecum, ascending 

colon, transverse colon, descending colon, sigmoid colon, and rectum, primarily absorbs 

water and minerals, resulting in the formation of solid feces (McCoubrey et al., 2023). 

The liver, positioned in the right part of the abdominal cavity beneath the diaphragm, 

serves as the body's largest gland. It plays a crucial role in detoxification, neutralizing 

harmful substances in the blood (Muriel, 2017). The gallbladder, located under the liver, 

stores bile produced by the liver (Qi et al., 2019). Bile aids in emulsifying fats in the small 

intestine, breaking them down for digestion by enzymes (Yan et al., 2023). Finally, the 

pancreas, situated behind the stomach, produces digestive enzymes responsible for 

breaking down carbohydrates, proteins, and fats (Saeinasab et al., 2023). Together, these 

organs ensure the effective functioning of the digestive system, allowing the body to 

extract essential nutrients from ingested food (Mackie et al., 2020). 
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The development of this educational media application is conducted using the 

throwaway prototyping method. In throwaway prototyping, prototypes are selected and 

discarded if they fail to meet the objectives or exhibit inadequate performance, rendering 

them unsuitable for further development (Trianto et al., 2020). 

 

Figure 2. Throwaway prototyping (Trianto et al., 2020) 

As shown in Figure 2, within this method, three main stages were utilized to obtain 

the design of the intended application, including system requirement gathering, 

prototyping design, and prototyping evaluation. The following represents the process of 

developing this learning application: 

 

1. System Requirement Gathering 

During the system requirement gathering phase, an interview process was conducted 

with Mrs. Rina, the teacher responsible for the natural science subject at SMP Karitas III 

Surabaya. This stage is essential for collecting relevant information to design and develop 

the application. Based on the results of the interview conducted with the informant, data 

revealed that 8th grade students still face difficulties in providing visual representations 

of the human digestive system organs located inside the body. Additionally, the appeal 

of learning about the human digestive system is considered insufficient due to the less 

engaging teaching methods. The next step in this phase is the formulation of problems 

and problem-solving strategies that need to be addressed through the development of the 

Augmented Reality (AR) application. The analysis and formulation of these problems will 

serve as the basis for determining the required features in the application. The design for 

the development of the human digestive system application will be created using Unified 

Modeling Language (UML), an object-oriented modeling (Alamsyah & Fauziah, 2021). 

The UML diagrams to be created include use case diagram, activity diagram, sequence 

diagram, communication diagram, class diagram, and state machine diagram. Below are 

several UML diagrams, as shown in Figure 3 and Figure 4. 
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Figure 3. “ARSIPERSIA” use case diagram 

 

 
Figure 4. “ARSIPERSIA” class diagram 



Research and Development in Education (RaDEn), Vol. 4, No. 1, July 2024, pp. 12-26. https://doi.org/10.22219/raden.v4i1.31920 17 of 15 
 

 

2. Prototyping Design 

During the prototyping design phase, several prototypes were created for the four 

menu options: Main Menu Prototype Design, AR View Menu, Guide Menu, and About 

Menu. Multiple prototype options were developed for each menu and then presented to 

the application users, which include the teachers and students of SMP Karitas III. This 

design process was carried out to obtain a final design that suits the users' needs and can 

be implemented in the application. For data collection, a closed-ended questionnaire 

format was utilized, allowing respondents to choose a design from various provided 

options. This approach was employed to facilitate the respondents in selecting a design 

that best represents their preferences, and it also enables a swift analysis of the answers 

since the data obtained aligns with the provided options. In Figure 5 and Figure 6, an 

overview of the design options for each menu in the application is provided: 

 

 
Figure 5. Design options for the main menu and AR view scene 
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Figure 6. Design options for the guide and about scene 

 

3. Prototype Evaluation 

In the prototype evaluation phase, the results of the evaluation by the respondents, 

including teachers and students of SMP Karitas III Surabaya, will be presented. These 

evaluation outcomes will serve as a reference for the development of the ARSIPERSIA 

learning application. The prototype design evaluation has been conducted with a total of 

36 respondents, including 35 eighth-grade students and 1 science teacher. 

 

Table 1. Evaluation results of prototype design questionnaire 

Prototype Design Option 1 Option 2 Option 3 Option 4 

Main Menu 25% 47.2% 8.3% 19.4% 

AR View 2.8% 27.8% 5.6% 63.9% 

Guide Scene 55.6% 44.4% - - 

About 52.8% 47.2% - - 

 

Based on the results shown in Table 1, the design with the highest percentage of 

respondents who completed the prototyping design questionnaire for the ARSIPERSIA 

application pages was selected as the interface display implemented in the application. 

In addition to the primary responsibility of developing the application prototype, a 

critical component of the project involves the meticulous determination of the design 

attributes for the human digestive system objects, serving as image targets commonly 

referred to as Augmented Reality (AR) markers, as delineated by Jangale and Awale 

(Jangale & Awale, 2022). Within the ARSIPERSIA application framework, these image 

targets, instrumental in rendering three-dimensional objects, have been sourced from the 

Natural Science textbooks officially published by the Ministry of Education and Culture 

of the Republic of Indonesia (Zubaidah et al., 2017). 

In total, six distinct image targets have been strategically chosen to enhance the 

interactive educational experience, encompassing the depiction of anatomical structures 

such as the mouth, esophagus, stomach, large intestine, small intestine, and various 

accessory organs. The intricacies of these image targets, as elucidated in Figure 7, serve to 

illustrate the visual representation of markers integrated into the ARSIPERSIA application 

for an enhanced and comprehensive understanding of the human digestive system. 
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Figure 8. “ARSIPERSIA” image target/marker (Zubaidah et al, (2017) 

 

Following the establishment of the image targets, the subsequent phase entailed the 

generation of three-dimensional (3D) objects, meticulously detailed as visual 

representations, as described by Ghotgalkar and Kubde (Ghotgalkar & Kubde, 2019). This 

process unfolded seamlessly once the user successfully scanned the predefined image 

targets, activating the immersive visualization of anatomical structures within the 

augmented reality environment. Here in Figure 8, the six 3D objects representing the 

human digestive system that were produced are displayed: 
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Figure 7. 3D Objects of the human digestive system 

3. Results 

As a result, this research successfully implemented a learning application for the 

human digestive system using augmented reality technology. During the creation of the 

ARSIPERSIA application, multiple software tools were employed, such as Unity 3D for 

application development, Blender for designing 3D objects, and Vuforia SDK as the 

marker database (Hidayat et al., 2021). Figure 9 shows the final outcome of the 

implementation of ARSIPERSIA as an augmented reality-based learning application for 

the human digestive system: 

 

 
Figure 9. “ARSIPERSIA” application interfaces 



Research and Development in Education (RaDEn), Vol. 4, No. 1, July 2024, pp. 12-26. https://doi.org/10.22219/raden.v4i1.31920 21 of 15 
 

 

The research results led to conducting testing using the black box testing method. 

Black box testing is an approach where end-users evaluate the functional aspects of the 

system. This encompassed a thorough examination of all functions without delving into 

the intricacies of the internal code structure (Sugarindra & Qurtubi, 2022). The utilization 

of black box testing allowed for a holistic assessment of the system's functionalities from 

a user perspective (Hadi et al., 2022). This testing aims to determine if the application's 

capabilities align with the expected outcomes (Xu et al., 2016). The following table (Table 

2 & Table 3) are the outcomes of the black box testing performed for the Main Menu and 

AR View Scene in the application: 

 

Table 2. Testing results for the main menu scene 

Testing Scenario Expected Outcome Results 

Pressing the start button 
Display the loading screen scene to transition 

to the AR view scene 
Succeed 

Pressing the guide button Displaying the guide scene. Succeed 

Pressing the about button Displaying the about scene. Succeed 

Pressing the settings 

button 
Displaying the sound settings pop-up. Succeed 

Pressing the exit button 
Displaying the confirmation pop-up for 

navigation exit. 
Succeed 

 

                                                     Table 3. Testing results for the AR menu scene 

Testing Scenario Expected Outcome Results 

Directing the camera to 

the image target 

Displaying 3D objects along with the 

names of organs, explanations about the 

organs, and reset transform button 

Succeed 

Pressing the name of the 

digestive organ part 

Changing the color and displaying 

information about the pressed organ part 

Succeed 

Pressing the audio 

on/off button 

Activating/deactivating audio, changing 

the button to an audio on/off button. 

Succeed 

Performing zoom on the 

object 

Zooming in/zooming out the object Succeed 

Performing rotation on 

the object 

Rotating the object Succeed 

Pressing the restart 

transform button 

Resetting the object's transform to its 

default state 

Succeed 

 

Alongside black box testing, this research also employs usability testing. Usability 

testing is employed to evaluate the user-friendliness of the application (An et al, 2019). 

Test data will be gathered via questionnaires, where individuals who have used the 

application will answer various questions evaluating its usability (Ahmad & Hussaini, 

2021). Data for the questionnaire was gathered from a total of 17 participants, consisting 

of 16 eighth-grade students and 1 science teacher. Using the collected questionnaire data, 

calculations were conducted to determine the successful implementation of the aspects 

used in usability testing. The usability testing for the ARSIPERSIA application focused on 

two aspects: learnability and satisfaction. Learnability is an aspect that defines the extent 

to which users can easily learn and understand the application (Weichbroth, 2020), while 

satisfaction is an aspect that defines the level of user satisfaction with the application. 

Table 4 presents the results obtained from this testing: 
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Table 4. Usability testing result* 

Statement Aspect 
Percentage 

Agree Strongly Agree 

The appearance is quite attractive Satisfaction 17.6% 82.4% 

The guide in the application is clear and 

helpful. 
Learnability 23.5% 76.5% 

This application is easy to use. Learnability 29.4% 64.7% 

The quality of the 3D images of the digestive 

organs generated by the application is good. 
Satisfaction 29.4% 64.7% 

The explanations provided by the application 

for each digestive organ easy to understand. 
Learnability 17.6% 82.4% 

This application motivates further explore the 

material about the human digestive system. 
Satisfaction 29.4% 64.7% 

This application can be a supportive tool 

about the human digestive system. 
Satisfaction 41.2% 47.1% 

*Based on 5 Point Likert Scale Analysis: strongly disagree (1) – strongly agree (5) 

4. Discussion 

The usability testing conducted on the ARSIPERSIA application has provided 

valuable insights into its various facets, shedding light on aspects related to user 

satisfaction and the application's efficacy in facilitating interactive learning about the 

human digestive system. To commence, a significant 82.4% of respondents expressed 

satisfaction with the visual aesthetics of the ARSIPERSIA application design. This positive 

reception suggests that the application's visual appeal resonated well with users, 

potentially contributing substantially to heightened user engagement and overall 

satisfaction (Bhandari et al., 2019). The quality of the 3D images depicting digestive organs 

emerged as another pivotal aspect, with 64.7% of respondents expressing satisfaction. It 

can be inferred that the visual representation of anatomical structures achieved a 

commendable level of quality, a crucial factor for an effective educational tool (Mendez-

Lopez et al., 2022). 

Significantly, the application demonstrated motivational qualities, with 64.7% of 

respondents expressing that it inspired them to explore further material about the human 

digestive system. This suggests that the ARSIPERSIA application possesses the potential 

not only to disseminate information but also to kindle curiosity and enthusiasm for 

additional learning (Gupta & Jain, 2017). Finally, 47.1% of respondents viewed the 

application as a supportive tool for interactive learning about the human digestive system. 

While indicating a positive perception, recognizing specific aspects that users find 

supportive could further enhance the application's educational impact (Vlachopoulos & 

Makri, 2017). 

Regarding learnability, respondents found the guide within the application to be 

clear and helpful, with 76.5% agreeing. Furthermore, 64.7% of users believed that the 

application was easy to use. These findings underscore the deliberate design focus on 

user-friendliness within the ARSIPERSIA application, enhancing its accessibility and 

promoting an efficient learning experience (Tsipi et al., 2023). 

Moreover, in terms of learnability, a noteworthy 82.4% of respondents found the 

explanations provided by the application for each digestive organ to be clear and easy to 

understand. This positive feedback underscores the success of the ARSIPERSIA 

application in delivering comprehensible information, thereby enhancing the overall 

learning experience (Alsanousi et al., 2023). 

The results obtained from usability testing and user feedback collectively underscore 

the positive aspects of the ARSIPERSIA application, emphasizing its appeal, user-

friendliness, educational efficacy, and motivational features. These favorable results 

provide a solid groundwork for enhancing the application to meet the varied 

requirements of users engaging in interactive learning about the human digestive system. 
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5. Conclusions 

The ARSIPERSIA as a learning application on the human digestive system for 

Android is developed using Unity 3D and utilizes Augmented Reality technology to 

display human digestive organs. The system presents 3D representations of the digestive 

organs along with their names and explanations in the form of text and audio when the 

image target is detected. Moreover, users can interact with the digestive organs by 

zooming in or rotating them. 

In the usability testing phase, the 3D digestive organs presented in the app effectively 

represent the human digestive system and has the potential to enhance students' interest 

in learning, particularly when it comes to the human digestive system. This is supported 

by 29.4% of respondents who agreed and 64.7% of respondents who strongly agreed with 

the statement regarding the quality of the displayed 3D digestive organ images. The 

results of the usability testing indicate that the explanations provided for each digestive 

organ are clear and easily understandable. 

In future research, the application will be developed with the addition of a quiz menu 

feature that contains questions and answers for students to work on related to learning 

material about the human digestive system. The quiz menu will also include instructional 

videos for each digestive organ, along with text included in the videos. This study will be 

further developed during the second phase of the National Competitive Research Scheme 

(Fundamental Research-Regular) grants that have been awarded. 

 

Author Contributions: T. J. P., E. M. T., and J. A.: methodology; T. J. P. and E. M. T.: 

analysis; T. J. P., E. M. T., and R. S.: writing original draft preparation; and T. J. P., E. M. 

T., and R. S: review and editing. 

Acknowledgment: The researchers extend their gratitude to the Directorate of Research, 

Technology, and Community Service, under the Ministry of Education, Culture, Research, 

and Technology, Republic of Indonesia, for the financial assistance provided for this study 

through the National Competitive Research Scheme (Fundamental Research-Regular) in 

the year of 2023, with reference to research contract number 

001/SP2H/LT/P3M/IKADO/VI/2023, 079/SP2H/PT/LL7/2023, 183/E5/PG.02.00.PL/2023. 

Conflicts of Interest: Authors declare there are no conflicts of interest. 

6. References 

Abed, W. B., Hussain, H. R. D., & Al-Hamawandy, D. H. (2021). Morphological study of 

the esophagus in the domestic fowl Gallus gallus domesticus (Linnaeus 1758). 

Indian Journal of Forensic Medicine & Toxicology, 15(4). 

https://doi.org/10.37506/ijfmt.v15i4.17239 

Adkins, K. (2014), Aesthetics, authenticity and the spectacle of the real: How do we 

educate the visual world we live in today? International Journal of Art & Design 

Education, 33: 326-334. https://doi.org/10.1111/jade.12062  

Ahmad, N. A. N., & Hussaini, M. (2021). A usability testing of a higher education 

mobile application among postgraduate and undergraduate 

students. International Journal of Interactive Mobile Technologies, 15(9). 

https://doi.org/10.3991/ijim.v15i09.19943 

Alamsyah, N., & Fauziyah, D. (2021). Implementation of augmented reality learning 

media technology at the primary and secondary education levels in Cimahi City, 

West Java. International Journal of Management Science and Information Technology, 

1(2), 25-30. https://doi.org/10.35870/ijmsit.v1i2.354 

Albrecht, U. V., Folta-Schoofs, K., Behrends, M., & Von Jan, U. (2013). Effects of mobile 

augmented reality learning compared to textbook learning on medical students: 

randomized controlled pilot study. Journal of medical Internet research, 15(8), e182. 

https://doi.org/10.2196/jmir.2497 

https://doi.org/10.37506/ijfmt.v15i4.17239
https://doi.org/10.1111/jade.12062
https://doi.org/10.3991/ijim.v15i09.19943
https://doi.org/10.35870/ijmsit.v1i2.354
https://doi.org/10.2196/jmir.2497


Research and Development in Education (RaDEn), Vol. 4, No. 1, July 2024, pp. 12-26. https://doi.org/10.22219/raden.v4i1.31920 24 of 15 
 

Alsanousi, B., Albesher, A. S., Do, H., & Ludi, S. (2023). Investigating the user 

experience and evaluating usability issues in ai-enabled learning mobile apps: An 

analysis of user reviews. International Journal of Advanced Computer Science and 

Applications, 14(6). https://dx.doi.org/10.14569/IJACSA.2023.0140602 

An, J., Poly, L. P., & Holme, T. A. (2019). Usability testing and the development of an 

augmented reality application for laboratory learning. Journal of Chemical 

Education, 97(1), 97-105. https://doi.org/10.1021/acs.jchemed.9b00453  

Arifin, M. F., Rahman, A., Hendriyani, M. E., & Rifqiawatia, I. (2022). Developing 

multimedia-based learning media on the digestive system using Adobe Flash 

Professional CS6 application for class XI. Research and Development in Education 

(RaDEn), 2(2), 76–88. https://doi.org/10.22219/raden.v2i2.19990 

Bhandari, U., Chang, K., & Neben, T. (2019). Understanding the impact of perceived 

visual aesthetics on user evaluations: An emotional perspective. Information & 

management, 56(1), 85-93. https://doi.org/10.1016/j.im.2018.07.003 

Elgazzar, A.H., Alenezi, S.A. (2022). Digestive system. In: Elgazzar, A.H. (eds) The 

pathophysiologic basis of nuclear medicine. Springer, Cham. 

https://doi.org/10.1007/978-3-030-96252-4_10 

Fuchsova, M., & Korenova, L. (2019). Visualisation in basic science and engineering 

education of future primary school teachers in human biology education using 

augmented reality. European journal of contemporary education, 8(1), 92-102. 

https://doi.org/10.13187/ejced.2019.1.92 

Ghotgalkar, M. & Kubde, P. (2019). 3D model generation for education using 

augmented reality. International Journal of Scientific Research in Computer Science, 

Engineering, and Information Technology. 133-138. 

http://dx.doi.org/10.32628/CSEIT195526  

Gupta, V., & Jain, N. (2017). Harnessing information and communication technologies 

for effective knowledge creation: Shaping the future of education. Journal of 

enterprise information management, 30(5), 831-855. https://doi.org/10.1108/JEIM-10-

2016-0173 

Hadi, S. H., Permanasari, A. E., Hartanto, R., Sakkinah, I. S., Sholihin, M., Sari, R. C., & 

Haniffa, R. (2022). Developing augmented reality-based learning media and 

users’ intention to use it for teaching accounting ethics. Education and 

Information Technologies, 1-28. https://doi.org/10.1007/s10639-021-10531-1 

Hidayat, W. N., Pratama, M. R., Risky, H. S. A., Wakhidah, R., Sutikno, T. A., & Putra, 

A. K. (2021, September). VIRKOM as augmented reality application for 

visualization of computer maintenance learning material. In 2021 4th International 

Conference of Computer and Informatics Engineering (IC2IE) (pp. 175-180). IEEE. 

https://doi.org/10.1109/IC2IE53219.2021.9649391 

Ivanovich, F. V., Karlovich, O. A., Mahdavi, R., & Afanasyevich, E. I. (2017). Nutrient 

density of prestarter diets from 1 to 10 days of age affects intestinal 

morphometry, enzyme activity, serum indices and performance of broiler 

chickens. Animal nutrition, 3(3), 258-265. 

https://doi.org/10.1016/j.aninu.2017.06.005 

Jangale, V., & Awale, R. N. (2022). Exploring the use of image target based virtual 

controller for mobile augmented reality. International Journal for Research in 

Applied Science & Engineering Technology (IJRASET), 10, 76-81. 

https://doi.org/10.22214/ijraset.2022.46961  

Mackie, A., Mulet-Cabero, A. I., & Torcello-Gómez, A. (2020). Simulating human 

digestion: Developing our knowledge to create healthier and more sustainable 

foods. Food & function, 11(11), 9397-9431. https://doi.org/10.1039/D0FO01981J 

Mat-jizat, J. E., Jaafar, H., & Yahaya, R. (2017). Measuring the effectiveness of 

augmented reality as a pedagogical strategy in enhancing student learning and 

https://dx.doi.org/10.14569/IJACSA.2023.0140602
https://doi.org/10.1021/acs.jchemed.9b00453
https://doi.org/10.22219/raden.v2i2.19990
https://doi.org/10.1016/j.im.2018.07.003
https://doi.org/10.1007/978-3-030-96252-4_10
https://doi.org/10.13187/ejced.2019.1.92
http://dx.doi.org/10.32628/CSEIT195526
https://doi.org/10.1108/JEIM-10-2016-0173
https://doi.org/10.1108/JEIM-10-2016-0173
https://doi.org/10.1007/s10639-021-10531-1
https://doi.org/10.1109/IC2IE53219.2021.9649391
https://doi.org/10.1016/j.aninu.2017.06.005
https://doi.org/10.22214/ijraset.2022.46961
https://doi.org/10.1039/D0FO01981J


Research and Development in Education (RaDEn), Vol. 4, No. 1, July 2024, pp. 12-26. https://doi.org/10.22219/raden.v4i1.31920 25 of 15 
 

motivation. International Journal of Academic Research in Business and Social 

Sciences, 7(1), 225-240. https://doi.org/10.6007/IJARBSS/v7-i1/2601 

McCoubrey, L. E., Favaron, A., Awad, A., Orlu, M., Gaisford, S., & Basit, A. W. (2023). 

Colonic drug delivery: Formulating the next generation of colon-targeted 

therapeutics. Journal of Controlled Release, 353, 1107-1126. 

https://doi.org/10.1016/j.jconrel.2022.12.029 

McQuilken, S. A. (2021). The mouth, stomach and intestines. Anaesthesia & Intensive 

Care Medicine, 22(5), 330-335. https://doi.org/10.1016/j.mpaic.2021.04.001 

Mendez‐Lopez, M., Juan, M. C., Molla, R., & Fidalgo, C. (2022). Evaluation of an 

augmented reality application for learning neuroanatomy in 

psychology. Anatomical sciences education, 15(3), 535-551. 

https://doi.org/10.1002/ase.2089 

Muriel, P. (2017). The liver: general aspects and epidemiology. In Liver pathophysiology 

(pp. 3-22). Academic Press. https://doi.org/10.1016/B978-0-12-804274-8.00001-1 

Peate, I. (2021). The gastrointestinal system. British Journal of Healthcare Assistants, 15(3), 

132-137. https://doi.org/10.12968/bjha.2021.15.3.132 

Qi, L., Tian, Y., & Chen, Y. (2019). Gall BLADDER: The metabolic orchestrator. 

Diabetes/Metabolism Research and Reviews, 35(5), e3140. 

https://doi.org/10.1002/dmrr.3140 

Saeinasab, M., Shah, R., & Sefat, F. (2023). Encapsulation in digestive system. In 

Principles of Biomaterials Encapsulation: Volume Two (pp. 309-322). Woodhead 

Publishing. https://doi.org/10.1016/B978-0-12-824345-9.00006-4 

Safitri, M., A. (Oct 31, 2019). A comprehensive review of the functions and anatomy of the 

human digestive system. Honestdocs. https://www.honestdocs.id/anatomi-sistem-

pencernaan  

Sensoy, I. (2021). A review on the food digestion in the digestive tract and the used in 

vitro models. Current research in food science, 4, 308-319. 

https://doi.org/10.1016/j.crfs.2021.04.004 

Srivastava, A., Kumari, M., & Gond, D. P. (2020). Basic overview of human physiology. 

Smart Healthcare for Disease Diagnosis and Prevention, 193-212. 

https://doi.org/10.1016/B978-0-12-817913-0.00019-5  

Stokes, J. R., Boehm, M. W., & Baier, S. K. (2013). Oral processing, texture and 

mouthfeel: From rheology to tribology and beyond. Current Opinion in Colloid & 

Interface Science, 18(4), 349-359. https://doi.org/10.1016/j.cocis.2013.04.010 

Sugarindra, M., & Qurtubi, Q. (2022). Augmented reality-based application design with 

rapid prototyping method to support practicum during the covid-19 pandemic. 

Jurnal Sistem dan Manajemen Industri, 6(2), 89-97. 

https://doi.org/10.30656/jsmi.v6i2.4704   

Sukhdeve, P. S. (2021). Implementing augmented reality into immersive virtual learning 

environments: Implementation of augmented reality technologies in immersive 

education programs. In Implementing Augmented Reality Into Immersive Virtual 

Learning Environments (pp. 102-118). IGI Global. http://dx.doi.org/10.4018/978-1-

7998-4222-4.ch006 

Sungkur, R. K., Panchoo, A., & Bhoyroo, N. K. (2016). Augmented reality, the future of 

contextual mobile learning. Interactive Technology and Smart Education, 13(2), 123-

146. https://doi.org/10.1108/ITSE-07-2015-0017 

Suzanna, S., & Gaol, F. L. (2021). Immersive learning by implementing augmented 

reality: Now and the future. Journal of Computer Science and Visual Communication 

Design, 6(1), 22-28. https://journal.unusida.ac.id/index.php/jik/article/view/402 

Thomson, J. R., & Friendship, R. M. (2019). Digestive system. Diseases of Swine, 234-263. 

https://doi.org/10.1002/9781119350927.ch15 

https://doi.org/10.6007/IJARBSS/v7-i1/2601
https://doi.org/10.1016/j.jconrel.2022.12.029
https://doi.org/10.1016/j.mpaic.2021.04.001
https://doi.org/10.1002/ase.2089
https://doi.org/10.1016/B978-0-12-804274-8.00001-1
https://doi.org/10.12968/bjha.2021.15.3.132
https://doi.org/10.1002/dmrr.3140
https://doi.org/10.1016/B978-0-12-824345-9.00006-4
https://www.honestdocs.id/anatomi-sistem-pencernaan
https://www.honestdocs.id/anatomi-sistem-pencernaan
https://doi.org/10.1016/j.crfs.2021.04.004
https://doi.org/10.1016/B978-0-12-817913-0.00019-5
https://doi.org/10.1016/j.cocis.2013.04.010
https://doi.org/10.30656/jsmi.v6i2.4704
http://dx.doi.org/10.4018/978-1-7998-4222-4.ch006
http://dx.doi.org/10.4018/978-1-7998-4222-4.ch006
https://doi.org/10.1108/ITSE-07-2015-0017
https://journal.unusida.ac.id/index.php/jik/article/view/402
https://doi.org/10.1002/9781119350927.ch15


Research and Development in Education (RaDEn), Vol. 4, No. 1, July 2024, pp. 12-26. https://doi.org/10.22219/raden.v4i1.31920 26 of 15 
 

Trianto, E., & Hartono, C., & Rahmawati, T. (2020). Perancangan dan pembuatan 

aplikasi permainan memory card online bertema kemerdekaan Indonesia. Journal 

of Animation and Games Studies. 6. 11-26. https://doi.org/10.24821/jags.v6i1.3623 

Tsipi, L., Vouyioukas, D., Loumos, G., Kargas, A., & Varoutas, D. (2023). Digital 

Repository as a Service (D-RaaS): Enhancing access and preservation of cultural 

heritage artifacts. Heritage, 6(10), 6881-6900. 

https://doi.org/10.3390/heritage6100359 

Umar, M. S., & Utama, J. P. (2021). Anatomy of the human body. Samudra Biru. 

https://books.google.co.id/books?id=3i53EAAAQBAJ 

Vlachopoulos, D., & Makri, A. (2017). The effect of games and simulations on higher 

education: a systematic literature review. International Journal of Educational 

Technology in Higher Education, 14(1), 1-33. https://doi.org/10.1186/s41239-017-

0062-1 

Weichbroth, P. (2020). Usability of mobile applications: a systematic literature 

study. Ieee Access, 8, 55563-55577. https://doi.org/10.1109/ACCESS.2020.2981892 

Weng, N. G., Bee, O. Y., Yew, L. H., & Hsia, T. E. (2016). An augmented reality system 

for biology science education in Malaysia. International Journal of Innovative 

Computing, 6(2). https://doi.org/10.11113/ijic.v6n2.128 

Wu, P., Yuan, Y., Chen, L., Chen, M., Chiou, B. S., Liu, F., & Zhong, F. (2023). Effects of 

gastrointestinal digestion on the cell bioavailability of sodium alginate coated 

liposomes containing DPP-IV inhibition active collagen peptides. Food Bioscience, 

56, 103426. https://doi.org/10.1016/j.fbio.2023.103426 

Xu, S., Chen, L., Wang, C., & Rud, O. (2016, May). A comparative study on black-box 

testing with open source applications. In 2016 17th IEEE/ACIS International 

Conference on Software Engineering, Artificial Intelligence, Networking and 

Parallel/Distributed Computing (SNPD) (pp. 527-532). IEEE. 

https://doi.org/10.1109/SNPD.2016.7515953 

Yan, Y., Liu, Y., Zeng, C., & Xia, H. (2023). Effect of digestion on ursolic acid self-

stabilized water-in-oil emulsion: Role of bile salts. Foods, 12(19), 3657. 

https://doi.org/10.3390/foods12193657 

Zubaidah, S., Mahanal, S., Yuliati, L., Dasna, I., Wayan, A. A. P., & Dyne, R. P. (2017). 

Ilmu Pengetahuan Alam kelas VIII Semester 1. Jakarta: Kementrian Pendidikan dan 

Kebudayaan. 

https://repositori.kemdikbud.go.id/7018/1/buku%20siswa%20IPA%20semester%2

01.pdf 
 

https://doi.org/10.24821/jags.v6i1.3623
https://doi.org/10.3390/heritage6100359
https://books.google.co.id/books?id=3i53EAAAQBAJ
https://doi.org/10.1186/s41239-017-0062-1
https://doi.org/10.1186/s41239-017-0062-1
https://doi.org/10.1109/ACCESS.2020.2981892
https://doi.org/10.11113/ijic.v6n2.128
https://doi.org/10.1016/j.fbio.2023.103426
https://doi.org/10.1109/SNPD.2016.7515953
https://doi.org/10.3390/foods12193657
https://repositori.kemdikbud.go.id/7018/1/buku%20siswa%20IPA%20semester%201.pdf
https://repositori.kemdikbud.go.id/7018/1/buku%20siswa%20IPA%20semester%201.pdf

