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Abstract 
Case-based Learning (CBL) is a pedagogical teaching approach employed in many medical schools 
that uses real patient or virtual patient cases to impart relevance and aid in connecting theory to 
practice. This method is learner-centred with intense interaction between clinical cases as the 
students build their knowledge to examine different cases. The real world or authentic contexts used in 
CBL expose students to viewpoints from multiple directions and see why a medical professional may 
want different approaches to treatment. Gamification can augment case-based learning (CBL) when 
game elements play the role of cases (characters) with the accompanying narrative story. 
Gamification mechanics allow for a more compelling and participatory student experience ultimately 
motivating students to make specific actions. In addition to that, game mechanisms are able to appeal 
to students' basic desires of wanting to achieve and being rewarded for their actions. When applied in 
the correct manner the mechanics of gamification has the ability to drive student engagement and 
participation to new heights. In case based learning, lecturers will use pedagogical approaches when 
they map out learner journeys or experience paths. Gamification design also starts with learning 
objectives or intended learning outcomes. In case of gamifying curriculum, the learning objectives and 
intended learning outcomes are broken down into behaviours, triggers and meaningful touch points, 
otherwise called gamification mechanisms. Often the purpose of game based learning is to encourage 
the learner to adopt a new skill or build on knowledge to achieving higher order thinking skills. 
Incorporation of Bloom’s taxonomy in this research helps to design gaming mechanisms to redefine 
the learning objectives and the associated behaviour of the learner. In this paper, the researchers 
conceptualize the design of gamification mechanisms and dynamics through the design of Game 
Design Document (GDD), evolutionary prototyping and introduced a new set of heuristics for 
evaluating the usability of educational games. This paper also explained the type of work required for 
gamifying case-based learning for medical education. 

Keywords: Blooms taxonomy, game mechanics, case based learning, medical education, Active 
Learning. 

1 INTRODUCTION 
Traditionally, medical students went to lectures and then transitioned into patient care as a type of on-
the-job training. Medical schools have recognised the importance of including clinical practice at the 
undergraduate level and have termed the mixing of basic and clinical sciences as vertical integration 
[1]. Other human health-related education fields have also recognized the value of illustrating teaching 
points with actual or simulated patient cases [1]. Using clinical case scenarios to aid teaching has 
been termed as case-based learning (CBL), which is a pedagogical approach, encompasses a wide 
and dense range of medical concepts and knowledge. Effectively acquiring such diverse knowledge 
relies on the application of various teaching and learning techniques. One such technique explored 
through this research is gamifying CBL, however, game based learning underpinned with pedagogical 
approaches such as CBL is a growing research area in the medical field because the proficiency 
required for playing games that incorporates pedagogy is more than the physical coordination of 
pressing buttons on a keyboard, but require combining students’ cognitive skills to medical concepts 
while they play [2].  Furthermore, the requirements for an effective and successful game design do not 
always match the learning objectives of any curriculum including medical education. Therefore, 
structured approaches are required for gamifying CBL for medical education. In this research, to align 
gaming goals with learning goals Game Design Document (GDD) and low-fidelity prototypes are 
created. The researchers also introduced a new set of heuristics required to evaluate unique usability 
issues in educational game interfaces for clinical case-based learning. 
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The main objective of the study is to inform development in the design of gamification mechanisms to 
support CBL in medical education and to contribute to the integration of gamification with particular 
focus on mapping learning elements to game attributes based on Blooms Taxonomy. The specific 
research questions are: 

• How to optimize game design for case-based learning through mapping Bloom’s taxonomy to 
case-based learning activities? 

• How to develop various difficulty levels in an educational game through the application of 
Bloom’s taxonomy and evolutionary prototyping? 

• What set of heuristics are required to evaluate unique usability issues in educational game 
interfaces for clinical case-based learning? 

2 METHODOLOGY 
This research has implemented a three-phase Type 1 Developmental Research approach in order to 
introduce the application of Bloom's taxonomy to instructional game design in the case-based learning 
environment, an initiative at Monash University, which provides an alternative to case-based learning 
in which medical students work on specific medical scenarios that resemble real-world examples. This 
research approach is designed to direct a thoughtful and systematic process of designing, developing 
and evaluating innovative educational gaming using appropriate mechanisms for CBL. In addition to 
that, the chosen approach is seen as an effective manner of establishing gamification techniques for 
case-based learning, and creates context-specific gamifying knowledge that can be used to inform 
subsequent teaching and learning techniques for medical education. Developmental studies are often 
structured in phases that feature context analysis, study design, product development and evaluation, 
and ongoing revision and re-evaluation [3]. This research has undergone three distinct phases as 
mentioned below: 

• Phase 1: In this phase, a Game Design Document (GDD) is developed which describes the 
applied process of using Bloom’s taxonomy in gamifying case-based learning.  

• Phase 2: The focus of this phase is on the development of various difficulty levels or challenges 
for an educational game through the application of Bloom’s taxonomy. In this phase, a low-
fidelity prototype of the type evolutionary prototyping is developed. Evolutionary prototyping is 
an approach to game development where an initial prototype is produced and refined through a 
number of times to develop the final game [4].  

• Phase 3: In this phase, the researchers introduced a set of heuristics required to evaluate 
unique usability issues in educational game interfaces for clinical case-based learning. 

3 RESULTS 

3.1 The Development of Game Design Document for ‘V-Case’ game 
In this phase, the researchers answer the first research question through the design of Game Design 
Document (GDD). The authors began this research with reviews of literature on theories relevant to 
CBL designs based on Bloom’s learning objectives. Research studies shows that Bloom's taxonomy of 
learning objectives and case-based learning (CBL) are both significant in teaching and learning of 
medical education. The literature demonstrates a fit between the Bloom's model and CBL approach 
indicating they are mutually beneficial [1]. With the help of academics teaching year 2 medical 
subjects, the authors map Bloom’s taxonomy to CBL to examine two clinical cases, which were 
chosen for gamifying in this study. Using the two clinical cases, five learning activities associated with 
the taxonomy-based learning strategies are designed for developing a gamification concept for a five-
level game called ‘V-Case’. The authors then started to arrange the GDD in accordance with the 
theory of gamified learning [5]. Based on the literature reviews on the types of game design 
documents, the authors combined the existing types of game design documents and used the result 
as a reference to arrange a more complex GDD. The types of game design documents that the 
authors have crossed among others are Concept Document, Proposal Document, technical 
specification and level designs [6]. Using them as a benchmark, the authors started developing a GDD 
for V-Case. 
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3.1.1 V-Case Game Design Document 
Game Concept: 'V-Case’ involves not just a case-based scenario, artwork and software development, 
but optimized by the design of game functions according to clearly stated case-based learning goals 
that include assessing both the breadth and depth of a students’ understanding towards the Higher 
Order Thinking (HOT) level of Bloom’s taxonomy.  

Genre: In accordance with the concept of V-Case, the genre of this game is ‘Serious game”. Serious 
games are designed to teach new skills and requires the player to solve puzzles or problems and can 
solve the exercise of logic, memory, pattern matching, reaction time, etc. [6], In serious games, game 
mechanics should be tuned to specific learning objectives rather than pure entertainment because 
mastery of the game means mastering the content at different levels of Bloom’s educational objectives 
[7]. 

Target Audience: It is important to know which aspects matters to the target audience at the concept 
stage itself [6]. The target audience to this game is year two undergraduate medical students. At this 
year of study, complex topics e.g., neuroanatomy are found disengaging by them as they are often 
presented at Lower Order Thinking Skills (LOTS) with consequent memorization and often difficult to 
integrate the content to real life [8].  

Look and Feel: In ‘V-Case’, there will be story elements (character, setting, plot, conflict, and 
resolution), social gaming elements (fun, appealing, engagement, emergent behavior rewards), 
missions and quests (challenges, tasks) as gameplay consisting of the challenges the game imposes 
on the player and the actions the game permits the player to perform at various learning achievement 
levels. V-Case may look and feel like a real game, but the goal should be emergence of learning that 
can be produced by many combinations of rules and game challenges.  

Character: ‘V-Case' is an exploration game where the player will find himself as a medical practitioner 
having to explore and analyze clinical neuroanatomy based case scenarios. V-Case can have one or 
more characters based on the complexity of the case scenario or the level of learning attained through 
the characters. V-Case should define what will happen to the characters as events transpire around 
them. 

Levels: V-Case has five game levels (Level 1 to 5), and the progression from one level to the next 
level is based on Bloom’s levels of cognitive skills-based complexity.   
Game progression: In V-Case, level progression should rely on a tightly controlled sequence of 
problems that a player encounters through the game levels. The levels should be designed in such a 
way that the player must encounter these problems in a particular sequence. Each gaming level should 
be set with goals and actions mapped to Bloom's verbs as gaming actions that could be decomposed 
further into operations (hand-eye coordination, reaction time) when gaming conditions are met. 

Mechanics: It is essential to include three game mechanics in learning games such as achievements, 
countdown and cascading information [6]. 'V-Case' will have achievements or awards for 
accomplishing game tasks at each level. Based on Bloom's learning objectives, achievements in V-
Case start from easy and go up to hard. Countdown mechanic in V-Case will give the player a certain 
time to finish the task. This forces the player to do use the gameplay rapidly repeatedly before time 
runs out. Finally, the cascade information mechanic comes from the theory of cascading information. 
The theory states that information should be released in smallest possible snippets to let players gain 
an appropriate level of understanding at each juncture of the game scenario [6]. This makes special 
sense in V-Case, where there will be some learning content that the player must learn before moving 
on in the game. 
Dynamics: In V-Case, most game actions should enable the player to overcome challenges, however, 
players have the challenge of getting back to the initial state if they make one mistake at any time while 
playing the level. In addition to that, the players may stuck into the negative feedback loop in the game 
mechanics by making a mistake in the game. Alternatively, the students will get a positive feedback 
through rewards and scores by playing correctly. But, the game dynamics and negative feedback loops 
work toward maintaining a balance in the learning system by improving player's emerging learning 
behavior, while positive feedback loops can destabilize the system because the player might  fail and 
come back to lower game levels at any time during their progress to the next level. 

Technical Design Document: The researchers developed a separate 'Technical Design Document 
(TDD)' that provides a blueprint for the game developers to develop code and implement the features 
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of V-Case game. Presenting V-Case TDD is beyond the scope of this research paper, so it is 
excluded. 

In this paper, the researchers present the GDD for V-Case to answer the research question 1, and 
believe that the GDD will serve as a basic roadmap to other educational game developers so that they 
can have an understanding of the type of work required for gamifying case-based learning. However, 
the headers and the description presented in this GDD have to be revised and further enhanced by 
other developers based on their game concept, genre, target audience, game levels, mechanics, 
emerging dynamics, technical specification and many more. 

3.2 Design of game challenges and prototyping 
The second research question focussed on developing various difficulty levels in an educational game 
through the application of Bloom’s taxonomy and evolutionary prototyping. 

3.2.1 Application of Bloom’s taxonomy in developing gaming challenges 
The cognitive domain of the original and revised Bloom’s Taxonomy has currently been applied in the 
design of instructional games [9]. The paper describes how the Bloom’s Taxonomy has been applied 
in various levels of V-Case and propose how it can be applied in the development of challenges to 
instructional games for case-based learning. When  designing V-Case,  the researchers  took into  
account  game  interaction types  that  would  support  the  basic  objectives  of  case-based learning  
for  specific  skills.  The researchers believe  that  games  essentially  need  to  have  a  well-defined  
concept  of  specific  learning objectives  that  can help the  development of initial concept and the 
game design process.   Maximizing player enjoyment in learning games is one of the most popular 
issues in gamifying curriculum approaches [10]. Different gamification mechanisms have been 
determined by researchers, but this research study focuses on challenges, difficulty levels, and their 
impact on player enjoyment. It is important to note that case-based learning provide diverse gaming 
challenges uniformly in their structure and require special attention in terms of player enjoyment.  

To achieve that, the researchers develop different sets of challenges and map them to the cognitive 
domain of Bloom's taxonomy. They are: At Level 1 and 2, challenges are developed from a clinical 
case that match the players’ skill levels (Remembering and Understanding level); Level 3 provides 
different levels of challenge for different players by randomly generating problems based on several 
clinical cases (Applying level); Level 4 provide a level of challenge that increases as the player 
progresses through the game by analysing the various possible causes of the multiple symptoms the 
patient was manifesting and to then reason which ones were most likely in that particular scenario 
(Analysing level); Level 5 provides new challenges at an appropriate pace by formulating and 
constructing a differential diagnosis based upon the clinical features of the case and feedback on 
creating a differential diagnosis. (Evaluating and Creating level). 

Thus, the researchers state that the development of V-Case game challenges must integrate content, 
learning objectives of instructional design and engaging game design in order to enhance medical 
students’ learning of highly disengaging contents like neuroanatomy. 

3.2.2 Prototyping V-Case game 
Designing a quality educational game is a very complex process [6]. Serious games like V-Case 
should not only meet the gamification requirements, but it should also address the case-based 
learning objectives (Promoting higher levels of cognition, Active Learning, Real-world problem-solving) 
[1]. This challenges the education game developers to commit extra time to achieve the desired 
outcome, doing endless revisions, and spend painful late nights in the development phase. Nothing 
could bring the developers closer to the functionality of the final game than making a model of the 
product to be developed. Creating models of games is called ‘Prototyping’. Prototypes are important 
part of designing gaming applications and user interfaces because they provide developers 
opportunities to test their ideas and make improvements on them quickly [6]. There are many goals 
and objectives involved in the process of prototyping such as identifying the requirements for 
functionality or interfaces, measuring user acceptance, and identifying the best ways for design, build, 
and test, but prototype does not need to fulfil all the requirements [6]. Game design literature suggests 
using low technology prototypes to test game mechanics and game play at an early stage of the 
design process [6]. In this research, evolutionary prototyping (low-fidelity) is used instead of high-
fidelity prototyping to provide quick and easy-to-access result. Evolutionary prototyping is an approach 
to game development where an initial prototype is produced and refined through a number of stages 

10335



to the final game [6]. Repetitive analysis technique is used during evolutionary prototyping where there 
is active designer’s involvement in developing the mock-up system [6].  

Prototype for Level 5, home screen (Fig 1) in V-Case game is chosen by the researchers to give the 
readers an understanding of the development of the evolutionary prototype with gaming challenges 
and difficulty levels.  

 
Figure 1. Level 5 Home screen prototype 

Modifications are made on the V-Case prototypes several times based on the learning goals of case-
based learning. In the next section, the researchers introduced a set of heuristics required to evaluate 
unique usability issues in educational game interfaces for clinical case-based learning. 

3.3 Heuristics Design 
In recent years, with the development of educational games, a set of procedures, rules and usability 
standards have been developed to facilitate projecting processes and evaluation of game interfaces to 
ensure a better player interaction and satisfaction [11]. There are plenty of heuristics sets, created by 
authors, which serve as the basis for other researchers and education game developers in the 
improvement and expansion of the joint heuristics. However, there are limited researches focused on 
analyzing usability issues specific to gamification of pedagogical approaches [12]. To answer the third 
research question, the researchers started analyzing the uniqueness of educational gaming 
experience, and the related literature argues that player has a great deal of control over the pacing 
and sequence of events in the learning experience by playing serious games compared to games of 
other genre [6]. In addition to that the researchers explored the theory of Constructive Alignment in 
case-based learning activity design. Literature emphasize that constructive alignment in case-based 
learning occurs when the student know what to learn and how they should express their learning by 
reading the clinical case  scenario before they attempt to answer the problems posed by the clinical 
situation [13]. Based on the uniqueness of educational gaming experience and Constructive Alignment 
of case-based learning, the researchers have created twenty heuristics (Table 1) under four 
categories that should evaluate unique usability issues in educational game interfaces for clinical 
case-based learning. 

Table 1. Heuristics to evaluate unique usability issues in clinical case-based learning games. 

Category A: Bloom’s taxonomy and Constructive Alignment 
A1. V-Case game provides clear goals, presents overriding goals early as well as short term 
goals throughout game play. 
A2. The skills needed to accomplish goals are attainable during game play and emergent right 
before the new skill is needed. 
A3. Players construct understanding of clinical cases for themselves by playing V-Case game. 
A4. The task and challenges in V-Case game support case-based learning. 
A5. The difficulty level in V-Case varies so the players experience greater challenges as they 
develop mastery towards the final level. 
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Category B: Game Play 
B1. The player have a sense of control onto the V-Case game world. 
B2. V-Case game is balanced with multiple ways to win at each level. 
B3. The player finds the V-Case game fun reading the case stories, with no repetitive or 
uninteresting tasks.  
B4. The V-Case game world reacts to the player and remembers their learning journey through it 
by the record of rewards and failures. 
B5. Challenges in V-Case are positive learning experiences, rather than negative experiences, 
resulting in wanting to play more, rather than quitting 

Category C: Immersion 
C1. The game utilizes multimedia content and animation to further the players’ immersion in the 
game. 
C2. The game gives rewards for solving problems based on clinical scenarios that immerse the 
player indulge deeply in the game. 
C3. There is an emotional connection between the player and the game space as well as with 
their character representation. 
C4. Game story based on authentic clinical setting encourages player’s immersion into the 
game. 
C5. Player’s learning experiences and the gaming interface are complimenting each other to 
provide immersive gaming experience. 

Category D: Usability and Game Mechanics 
D1. Upon turning on the game, the player has enough instructions to begin play. 
D2. Status score Indicators are seamless, clear, existing and do not interfere with game flow. 
D3. Player is given controls and instructions that are basic enough to learn quickly, yet 
expandable to cater different learner styles. 
D4. Game provides constructive feedback and reacts in a consistent and prompt way to the 
players’ actions. 
D5. Player interruption is supported, so that players can easily turn the game on and off and be 
able to save and resume the games in different levels. 

The researchers used these set of heuristics for evaluating the V-Case game developed in the next 
phase of this research, which involves an action research conducted with year two medical students in 
two semester period. The research involved 118 year two undergraduate students from School of 
Medicine, actively participating in a changing situation (Active Learning Transformation) during their 
regular semester period. The main purpose of the research is to determine the achievement of Higher 
Order Thinking Skills (HOTS) through the implementation and facilitation of Active Learning 
approaches through gamification of case-based learning. The authors of this research exclude the 
findings of the research in this paper, which is beyond the scope of this research. 

4 CONCLUSIONS 
When designing games with learning purposes used in medical undergraduate studies, there often 
occur problems about the lack of learning content or the lack of game contents due to misalignment of 
pedagogical approaches such as CBL to game design techniques. Other disadvantages of existing 
educational game design are the difficulty to provide a continual balance between the gamification 
mechanisms and players’ skill to control and solve a problem. In this paper the researchers suggest 
three different perspectives that need to be communicated across educational game developers in 
order to design a useful educational game: Game Design Document, Low-fidelity prototyping and 
heuristics design. It is our intention with this paper to suggest some game design principles for 
medical education, and to integrate Bloom’s taxonomy and case-based learning in designing 
mechanisms and dynamics for gamifying medical curriculum. It is also recommended by the 
researchers that the low-fidelity prototypes of educational games play a major in refining the game 
levels and the underlying game mechanisms. The new set of heuristics developed during this research 
would be useful to academics in Higher Education and Medical Education to review gamifying their 
curriculum.  Overall, the research paper serve as a guide to educational game developers in gamifying 
pedagogical approaches for medical education. 
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