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Abstract— Digital simulation offers numerous advantages 

for midwifery training and in particularly enhancing decision-

making skills. By providing realistic, risk-free learning 

experiences, fostering repetition and feedback, and offering a 

variety of scenarios, digital simulation stands out as an effective 

tool for preparing midwifery learners for the complexities of 

clinical practice. However, creating a 3D-based simulation 

system that supports scalable solutions poses challenges. Apart 

from the cost of 3D content; designing a simulation that ensures 

engagement with learners as well as scalability is still a problem. 

This paper discusses a design and implementing case study of 

such a system using gamification methodologies, focusing on 

scalability and efficiency. The system uses web-based digital 

media, including web 3D game technology, for educational 

simulation. It showcases how web-based game technology 

facilitates simulation design and concludes with future 

considerations. 
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I. INTRODUCTION  

Midwifery education at universities is challenging due to 
the rigorous blend of theory and practical skills, alongside the 
need for adaptability in evolving healthcare practices. Digital 
simulation offers numerous advantages for midwifery 
training, particularly in enhancing decision-making skills [1]. 
The digital simulation lets learners practice their skills 
repeatedly in a safe environment. It gives instant feedback and 
presents a range of scenarios that are accessible and 
standardized. So, digital simulation is a very effective tool for 
preparing midwifery students for the complexities of clinical 
practice. [2]. Digital simulation enhances midwifery training 
by providing realistic scenarios in a safe environment. 
Incorporating digital 3D components add depth and realism, 
allowing students to visualise and interact with lifelike models 
and environments leading to improvments in clinical skills 
and decision-making [3, 4, 5]. However, designing such a 
simulation system and achieving the learning goals are still a 
challenge. The cost and scale of the technology also affect the 
impact of the innovation. 

This paper discusses a case study of how to apply 
gamification design and implement to such a system, 
considering two main issues: efficient learning engagement 
and future scalability. It contributes a case study on how to use 
web 3D game technology to facilitate educational simulation 
design and implementation. The paper starts with the project 
introduction and related work. Then the process of 
gamification design and implementation; followed by a 
demonstration of the results and a discussionion about future 
works.  

II. RELATED PROJECT 

A. Digital 3D simulation for midwifery training 

Midwifery education at universities presents challenges 
for learners due to its demanding nature. For teachers, aside 
from the challenging curriculum delivery, cohort size poses a 
problem. For instance, large cohorts and limited teaching 
space/resources hinder ensuring simultaneous engagement 
within the limited session time. These challenges, coupled 
with the responsibility of ensuring safe childbirth, make 
midwifery education an intensive and rigorous journey for 
learners [1-6]. However, with limited resources, it is 
challenging for learners to transfer the skills from textbooks 
and lessons to real scenarios. Since Covid-19 [6] there has 
been increased discussions and adaptations to online or 
blended forms of learning [7]. Compared to the traditional 
physical learning process, digital simulation provides a 
flexible learning resources that facilitates the learning process 
and allows students to engage and practice anytime and 
anywhere. Well-designed 3D simulations enhance learning 
outcomes by visualising the learning context, simplifying the 
cognitive process and allowing students to practice in a safe, 
close-to-reality environment without affecting real patients [3, 
8]. 

Previous similar works [8, 9] using online 3D social 
platforms and 360 videos, have been noted. However, most 
3D simulation systems provide limited engagement with 
learning content [8] or limited interaction [9]. More advanced 
scenarios using Virtual Reality (VR) require powerful client-
side servers and/or advanced PC (or headset) equipment [5, 
10-13]. Some simulations require specific locations to run. 
Therefore, most simulations are still limited by devices, 
relying on good rendering devices despite being claimed as 
accessible anywhere. Web technology offers cross-platform 
access, providing scalable solutions without additional 
software using a standard web browser. However, simulating 
interactive 3D content on web pages remains challenging. 
While similar projects exist (not necessarily directly designed 
for Midwifery) most are based on 2D video or image/text 
content [9, 14, 15]. In [16], a system similar to this project is 
introduced, however, the prototype only provides interaction 
with a 3D anatomy model with limited explanation on 
enhancing learner engagement. A design framework is needed 
to enhance learner engagement beyond a simple interactive 
3D model. 

B. Gamify the learning materials.  

Gamification is a methodology that applies game elements 
in non-game contexts [7, 17]. Although similar to game-based 
learning, in a learning context, game mechanics are used as 
part of the learning engagement activity [17]. Consequently, 



 

 

learners' motivation, engagement, knowledge acquisition, and 
more recently, flow experience could be enhanced [18, 19]. 
The study shows that avatars, meaningful stories, and 
teammates affect the experience of social relatedness. 
However, gamification is not simply about adding game 
elements to the target context. It requires systematic thinking 
about how the game elements will help enhance and achieve 
the design goals [20, 21]. A lot of analysis and design are 
required during the process to achieve the best impact [21- 
23]. Some frameworks have also been proposed to help 
gamification design, for example, FRAGGLE [22] and SGI 
[23]. Compared with other frameworks, FRAGGLE is based 
on Agile methodologies [24] to achieve fast prototype results 
ready for testing. It focuses on the learning context and 
provides a framework that can be used as guidance for the 
gamification design process targeting learning engagement 
and efficiency.   

III. GAMIFICATION DESIGN PROCESS 

 This project is still at an initial stage and aims to achieve 
scalability targets to maximize practical impact in higher 
education midwifery courses. Therefore, FRAGGLE was 
chosen as the main guidance for the gamification design 
process. This framework supports fast prototyping and fits 
well within the Higher Education context [22]. However, 
FRAGGLE is only provides high-level guidance that mainly 
focuses on learning design and especially engagement. The 
scalability of the project will also need to be considered, 
particularly the cost of the technology. Therefore, another 
layer of design should be added to the framework. Also, in the 
guidance, most of the examples are used to describe the 
learners’ expectations while less consideration is given to the 
teachers. As this research is driven by teachers, the activities 
are adapted to fit the available resources.  

Fig. 1. Gamification design process using FRAGGLE framework 

Fig. 1 shows the overall gamification design process using 
the FRAGGLE framework. The columns demonstrate four 
phases during the process: Declaration, Creation, Execution, 
and Learning. Each column includes layers of analysis 
activities (targeting engagement and scalability) to gamify the 
materials, as well as output examples of each phase. The 
detailed process is described below: 

A. Declaration phase 

According to FRAGGLE, the first phase is to assess the 
necessity of gamification. "Problems" and "causes" are 
analysed during the process. The activities in the 
“engagement” layer aim to identify learning objectives that 
can potentially be gamified to achieve better outcomes when 
compared with traditional learning materials. Through the 

teacher’s analysis of the existing teaching plans, skills training 
usually receives better engagement since it is mostly hands-on 
practice. However, the learning materials that require learning 
theory and apply the theory to decision-making are normally 
challenging because learning theory is sometimes considered 
to be "boring" and not interactive. Also, during the teaching, 
there is a lack of context and links between the traditional 
learning materials and practical application, which makes it 
difficult to find a way to practice decision-making in 
Midwifery education. When reviewing the current teaching 
methods, it has been observed that the learning materials 
mainly comprise of images and videos, aiding learners in 
conceptualising the subject matter. However, this poses a 
challenge for junior learners with limited hospital exposure. 

Equipment and budget expectations are also analysed 
during this process since it will directly affect how scalable 
the system can be. In this case study, the expectation is that 
existing University PCs and Laptops can be used without any 
upgrades or additional software. As there are large cohorts of 
students in the midwifery course and limited teaching space, 
it would be beneficial if the system can be accessed at anytime 
and from anywhere. Where possible, the students can use 
mobile devices too. 

After analysis, two topics are selected for gamification: 
"Pelvic anatomy" (learning objective 1) and the clinical 
scenario  “normal birth pathway” (learning objective 2). Other 
topics such as "Uterus contractions" are identified as materials 
that can be simulated more easily using a simple video 
explanation. "User Stories" and "Acceptance Tests" are 
mainly collected from the teachers’ observation of the 
experience. The measurement set for this project is to find out 
how feasible it is to use such a system in real classroom 
teaching and to find out the students' engagement with the 
project.  

B. Creation phase 

In this phase, game elements such as player profiles, 
mechanics, stages, actions, and triggers are developed for the 
prototype. "Cohort identity analysis" identifies target learner 
features, focusing on Midwifery university students from both 
Bachelor's and Master's courses. These students must acquire 
skills from Learning Objectives 1 and 2, with varying levels 
of existing midwifery knowledge. Given limited information 
on their learning styles, game mechanics should be easy to 
grasp. Previous research favours the "exploring" game type, 
chosen for its popularity and engagement without pre-session 
training. This approach embeds learning content within game 
scenarios, promoting the normal birth delivery pathway 
(Learning Object 2). Learning Object 1 is integrated as a mini-
game within the main narrative, encouraging curiosity-driven 
exploration of the theory. Learners are expected to progress 
by acquiring knowledge, solving puzzles, and making correct 
decisions during scenario exploration, supported by various 
user interaction types. 

The interaction is designed with three types of hotspots: 
numbered ones for exploring medical documentation (Fig. 2. 
B), puzzle ones for learning activities and clues (Fig. 3), and 
decision-related ones unlocking new scenarios. Avatar and 
panorama animations provide feedback, with encouraging 
video feedback for wrong decisions and successful delivery 
news for correct ones. Learners' digital skills, mainly basic 
web browser use, are analysed. Thus, web 3D game 
technology is chosen for implementation. This decision 

 



 

 

informs prototype design and the development of a Web 3D 
game framework.  

Fig. 2. Output of the gamification interaction design 

Fig. 3. Example of the puzzles with learning activities 

C. Execution phase 

In this stage, the overall learner interaction cycle is 
logically linked together. The gamification process in this 
project begins with the 3D avatar animated video task brief 
(Fig. 2, A), followed by exploring the game with narratives 
supporting non-linear choices. Learning activities are 
embedded in gameplay, supported by interaction with 
interactive 3D models (Fig. 2, C), numbered hotspots, quizzes, 
and multimedia resources (Fig. 2, B). Some scenarios are 
designed using 3D avatar animation to provide personalised 
interaction and learning experiences. For example, Fig. 2, D 
demonstrates the woman’s birth ball position using 3D 
animation. According to FRAGGLE, it is necessary to track 
user interactions to develop a personalised learning journey. 
Therefore, the system captures all learners' interactions, such 
as "clicks" and "pano movements," and categorises them 
automatically according to interaction types such as "scenario 
exploration" and "decision-making".  

The visiting history pathway is also captured. All user 
login information is associated with each user’s journey and 
stored in the database for further assessment. An automatically 
generated user log page is also generated after each 
exploration, providing learning and teacher feedback. The 
decisions made by learners in the simulation are visualised 
using an automatically generated linked node graph (Fig. 4). 

To balance the technology innovation costs (including 
development and equipment costs) and ensure the project's 
sustainability and scalability, a fast Minimum Viable Product 
(MVP) is produced using Web 3D technology, with 3D 

content and videos stored on a cloud-based repository. The 
technology cost is also evaluated. For example, the initial test 
uses 3D animation to give task briefs and feedback. After the 
first internal test cycle, it is changed to avatar animated video, 
achieving the same result and being more cost-effective as the 
video host is cheaper and faster than 3D animation content. 
The front-end platform uses HTML and JavaScript code to 
implement the main mechanics. The back-end platform uses 
PHP and MongoDB, as well as a MySQL server. Basic user 
authentication is also implemented, and individual data can be 
saved with password protection. During the process, it was 
necessary and beneficial to go back to creation phase and 
update the design accordingly so that the overall design could 
be improved.  

Fig. 4. Example of automatic generated user decision path  

D. Learning phase 

The purpose of this phase is to collect activity data and 
evaluate it against the achievement target set in the declaration 
phase. Internal pilot tests involve teacher and student 
volunteers. Initial feedback suggests the system is easy to 
access and operate via a browser, with functions working as 
expected. However, scenarios are time-consuming and require 
extensive practice. Additional user testing is necessary to 
gather more data for system evaluation. A learning material 
package is generated, including session plans, project briefs, 
and user tutorials for the simulation system. A scalable plan 
adaptable to current teaching methods with minimal costs is 
developed and refined based on test results. The project only 
requires a web server and cloud service for 3D content, 
accessible on both PC and mobile devices with multiple user 
access.  

IV. RESULT AND LIMITATIONS 

The overall design is complete, and the MVP is achieved, 
ready for user testing. The FRAGGLE model proved useful, 
aligning well with agile project management, efficiently 
planning prototype generation.  However, a few limitations of 
the project is summarized below: 

Lack of co-creation with the learners: This model 
primarily focuses on learner perspectives but also 
acknowledges the importance of considering teachers' 
viewpoints. In certain stages, questions can be crafted to 
gather both learner and teacher expectations. Initially, 
collecting data from teachers is often more efficient, given 
students' limited understanding of overall learning goals. 
However, after validating the prototype, input from both 
learners and teachers is valuable, especially in co-creating 
learning materials. Future work is required to improve the 

 

 

 



 

 

design by involving more participants from both the learners 
and teachers’ group. Revisiting and reflecting on the creation 
phase post-execution aids in aligning design with cost-
effective objectives. 

Limitation on the evaluation: The result shows 
FRAGGLE works well as a general guidance for gamification 
learning materials design. Overall, the findings highlight the 
potential of gamification to support Midwifery education by 
enhancing learner engagement. However, further data 
collection is required to evaluate the effectiveness of the 
project from both learner and teacher’s view. Future work is 
required to embed this project into real teaching sessions. 

Limitation on the scalability: While the Web3D 
application supports the scalable plan, future work is still 
required to address technical challenges for large 3D assets, 
different Midwifery cenarios and practical constraints 
essential in realising the full benefits of gamified learning 
experiences. Future research should focus on refining scalable 
implementation strategies, evaluating long-term effectiveness, 
and addressing the diverse needs of learners in the digital age.  

V. CONCLUSION 

In summary, this case study demonstrated how 
gamification offers a pathway to innovative educational 
experiences in Midwifery. Using gamification models such as 
FRAGGLE as a guidance is very helpful to fast prototype 
MVP. This case study explained how to apply FRAGGLE and 
transfer the traditional learning content into a digital 
simulation. It added a layer of analysis of scalability and costs 
during the process and demonstrated an MVP output. 
However, learner and teacher feedback are important during 
this process. Evaluation data is required to measure the 
efficiency of the methodology. Also, more careful thinking of 
the technology used as well as cost-effective way of scalable 
implementation is still required. Future research and 
refinement of implementation strategies are vital for 
maximising the impact of gamification on learning outcomes.  
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