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Abstract 
  
  

Gamification application to instructional methodologies could enhance learning 

when appropriately implemented. Current research suggests several instructional design 

principles support principles of gamification. Experts in both gamification and 

instructional design emphasize certain learning theories and instructional strategies that 

need to be taken into consideration when integrating gamification in the learning process. 

Examples provided where effective gamification implemented closely aligns with what 

current research shows regarding successful multimedia learning and instruction.  A 

virtual learning museum with a butterfly exhibit prototype with examples provided in this 

paper has been created to give an idea of how gamification and learning design principles 

should be used simultaneously to enhance cognitive development. Sections of the exhibit 

are labeled with both gamification and instructional design principals. 

  



 
 
Gamification and 21st Century Digital Learning: A Virtual Museum Butterfly Habitat Exhibit Prototype 
 

iii 

Acknowledgements 
  
  
I would like to express appreciation to Dr. Russell Khan, for structuring the course in a 

way that provides flexibility and fosters understanding of the process of writing a thesis 

paper. I would also like to thank Dr. Khan for being highly responsive to any questions 

asked for the duration of this course. I would like to thank Dr. Ibrahim Yucel for being 

my advisor. Dr. Yucel has been instrumental with guiding the direction of this thesis 

paper and providing access to resources which helped support my research. Finally, I 

would like to convey gratitude to Dr. Kathryn Stam for agreeing to be the Second Reader 

for this research paper. I have truly enjoyed my journey through the Information Design 

& Technology Program. Especially the opportunities I was provided to immediately 

apply my learning to my profession. 

 

  
 
 
 
  



 
 
Gamification and 21st Century Digital Learning: A Virtual Museum Butterfly Habitat Exhibit Prototype 
 

iv 

 
 

Table of Contents 
 
 

Thesis Approval………………………………………………………………... i 

Abstract………………………………………………………………... ii 

Acknowledgements…………………………………………………………... iiii 

Table of Contents………………………………………………………………... iv 

Introduction………………………………………………………………... 1 

Literature Review………………………………………………………………... 2 

Methodology………...…………………………………………………………... 14 

Findings…………………………………….……………………………………... 22 

Conclusion………………………………………………………………... 23 

Bibliography………………………………………………………………... 25 

 

 

 



 
 

Introduction 

 
“What we are learning from games (both creating and playing) can be used by 

teachers to enhance their teaching and better prepare students for technology-based 

society.” (Kimon, 2010) 

Educators persistently strive to implement instructional methodologies that meet 

the increasingly diverse needs of learners. Educational games are evolving instruments 

that instructors may implement and monitor with the aim to improve effective instruction 

with regards to student learning. 

Learners today are more engaged when the experience is relevant, immersive and 

interactive. Gee (2007) argues games can be excellent instructional methodology used 

when they foster critical thinking.  Games can be challenging and enabled learners to 

build their own knowledge, take risks and problems solved. 

However, it is critical to know what learning principles must be incorporated in 

order for gamification to be effective.  The research question explored is as follows: 

Which instructional design principles support Gee's principles of learning when 

attempting gamification in education? How would a prototype demonstrate the 

connection between Gee’s gamification principals and instructional design principles? 
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Literature Review 
 
Definition of Gamification 
 

Gamification is described in many different ways. Lui (2017) describes 

gamification as, “ An emerging idea for using game design elements and principles to 

make everyday tasks more engaging.” 

Sánchez-Mena & Martí-Parreño (2018) define gamification as the use of game 

design elements, i.e. types of users, in non-game contexts and how it is gaining 

momentum in a wide range of areas including education.  Şahin & Karadağ (2017) 

illustrates gamification as the application of game elements and digital game design 

techniques to non-game situations to engage and motivate people to achieve their goals.  

This research focuses on gamification defined as an application concept to instructional 

methodologies for the purpose of enhancing cognitive development during the learning 

process.  

 
Principles of Gamification 
 

There are several principles of learning that must be incorporated for a game to be 

considered an authentic tool for enhancing cognitive development for learners. Gee 

(2007) emphasizes how this includes concepts such as identity development, student 

performance, real-world application problems, systemic thinking, exploration, being goal 

oriented, and using digital tools to this trivial knowledge.  Below is a general outline of 

key principles for gamification that are essential for effective application to instructional 

methodologies.  They are as follows: 
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● Semiotic domains 

● Learning and Identity 

● Situated meaning and learning 

● Transfer of knowledge 

● Cultural models 

● Learning as a Social Activity 

 

Semiotic Domains 

Gee (2007) conveys how the semiotic domains principle is the idea that the 

learning environment cultivates the ability of the learner to be able to think critically 

through the use of multiple means of representation, expression, and engagement.  The 

ability for the learner to navigate through multiple semiotic domains enables them to 

develop a new type of literacy that is more relevant to 21st century societal contributions.  

This could include artifacts, images, presentations, debates and much more. 

 

Learning and Identity 

This idea explores the concept of learner being willing to create a new identity 

that will help them be successful with solving a problem or completing the learning 

challenge.  Sheffield (2005), in an interview with Gee discusses how he emphasizes that 

the game allows the learner to take on an active and critical learning role, make inquiries 

and achieve some meaningful success.  They are enticed to try and put it in a large degree 

of effort. 
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Situated Meaning and Learning 

Learners understand and make connections across multiple text genres through 

experience.  Learners are provided with the opportunity for ample practice within the 

context of the material for which they are engaged.  Meaning is developed through 

repeated exposure to situational experiences.  Dewey (2013) reiterates the importance of 

the materials used in the game and the environments naturally embedding thinking, 

problem solving, and the knowledge needed to be attained.  The learner’s ability to use 

their own knowledge and conjunction with access to that which is embedded in the game 

strengthens the learner’s ability for greater achievement.   

 

Transfer of Knowledge 

This principle ties into a scaffolded approach to learning.  Where learners are 

attaining concepts in stages to gradually complete increasingly difficult challenges.  They 

are exposed to crucial concepts beforehand so that they are setup should be successful.  

Williams (2012) describes how learners need to have the opportunity to explore and 

discover concepts of their own instead of being directly taught. 

 

Cultural Models 

The principle allows the learner to express their perspective on the world outside 

of a real-world setting.  It creates a safe space for learners to intentionally reflect upon 

their views against other models that may conflict and challenge their current thinking 

about the world in themselves.  That allows them to think about various semiotic domains 
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they may interact with and consider other perspectives and interpretations that may lead 

to the adjustment of their own. 

 

Learning as a Social Activity 

The goal for all learners is to be able to positively contribute to the global society.  

This includes strong collaboration, communication and critical thinking skills.  The last 

principle reiterates learners ability to share knowledge learned throughout the game with 

others whom they may meet in person.  The ability to collaborate through a variety of 

venues print (i.e.  publications, technologies, symbols and the environment).  Sugarman, 

S. (2012) illustrates how the learner not only plays the game will positively contributes to 

enhancing the game and the learning of others.  The game allows the learner to form 

groups of friends and peers that share similar goals, philosophes in practices. 

 
Types of Users 
 
 These game design principles for learning include aspects that drive attention-

motivation, entertainment, interactivity, and access to content. Gamification has also been 

recognized as a methodology to increase learner motivation, engagement, and 

performance in typically non-gaming environments, such as classrooms.  Knowing the 

possible types of users is crucial for effective game design. Marczewski’s (2015) Hexade 

Scale provides a great example of the types of users that may intersect with any gaming 

platform.  

 



 
 
Gamification and 21st Century Digital Learning: A Virtual Museum Butterfly Habitat Exhibit Prototype 
 

6 

 

 
According to Marczewski (2015), some players are naturally more intrinsically 

motivated to play vs. extrinsically and vice versa. There are also “disruptors” that could 

impact a learning system in either a negative or positive way. Learners who a positive 

disruptors like to explore a platform and provide feedback as to how the platform isn’t 

enhancing their learning and possible ways it could improve.  A strong understanding of 

the behaviors users exhibit cultivates a designer’s ability to effectively build an education 

gaming model that would appropriately address possible behaviors. 
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However, there are barriers to using gaming as an instructional methodology.  

Sánchez-Mena, A. (2018) describes these barriers as being a lack of resources, student 

apathy, subject that, and classroom dynamics.  These barriers are not insurmountable 

when considered through principles of instructional design. 
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Types of Virtual Reality Platforms Used for Learning 
 
STEAM: The VR Museum of Fine Art 

 
Explore the Second Floor of the Museum! Explore a virtual museum in room-

scale VR: see famous sculptures in full, 1:1 scale and see famous paintings without the 

limitations of glass and security guards. 

 
Star Chart 

 

http://store.steampowered.com/app/515020/The_VR_Museum_of_Fine_Art/
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Using state of the art GPS technology, an accurate 3D simulation of the visible 

universe, and a great deal of technical wizardry, Star Chart calculates – in real time - the 

current location of every star, planet and moon visible from Earth and shows you 

precisely where they are; even in broad daylight! 

 
Public Speaking VR 

 
Practice communication skills in the VirtualSpeech app, including public 

speaking, answering interview questions, sales, networking, presentations and language 

learning. Train in immersive virtual reality environments. 

  

https://itunes.apple.com/us/app/star-chart/id345542655?platform=ipad&preserveScrollPosition=true#platform/ipad
https://play.google.com/store/apps/details?id=com.virtualSpeech.android&hl=en


 
 
Gamification and 21st Century Digital Learning: A Virtual Museum Butterfly Habitat Exhibit Prototype 
 

10 

Unimersiv 

 

History comes alive with the apps developed by Unimersiv. Students can explore 

ancient Greece, the Titanic or the Egyptian Mysteries. 

 

Instructional Design Principles 

 
Mental Models 

Learners construct construct correct or incorrect mental schema as they are 

exposed to new information. In order to cultivate the development of correct mental 

models, “instructing with concept models should come first” (Alessi & Trollip, 2001 p. 

28). There are ample education games which instructors may use as concept models to 

introduce certain content. Concept models are explicit examples delivered by the 

instructor. However, “true empirical research on the effectiveness of incorporating game 

https://unimersiv.com/ancient-rome-virtual-reality/
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elements in learning environments is still scarce. Gamification has the potential to 

improve learning if it is well designed and used correctly” (Dicheva, Dichev, Agre,& 

Angelova, 2015 p.  75).  

Perception and Attention 

When information is presented repeatedly through a variety of venues, it is more 

likely to be retained. “These differences and changes attract and maintain attention as the 

learner is drawn to the changes” (Alessi & Trollip, 2001 p. 21). Being engaged in the 

learning process fosters positive attitudes and builds stamina when problem-solving. 

Chang-Hsin and Ju-Ling (2015) found that problem solving abilities are cultivated when 

students are exposed to game-based simulations. Students, as players, identify with 

specific roles, live out specific situations, and experiment with relevant parameters. The 

experience is intrinsically motivating and engaging, and allows students to strategically 

think about their choices. Being given choices attract and maintain a student’s attention. 

Encoding of Information 

“Learning is enhanced when complementary information codes are received 

simultaneously” (Alessi & Trollip, 2001 p. 22). Presenting information through multiple 

forms of media is an example of complementary information coding. Educational games 

engage students through the use of a combination of text, video and sound. Misfeldt 

(2015) discusses how games allow users to try things out in an artificial environment and 

embody the constant strive to become better.  Learners receiving these complementary 

information codes exhibit enthusiasm, focus, and engagement. Learners are interested in 

and enjoy what they are doing; they try hard, and they persist over time (Noraddin & 

Kian, 2015 p.143) 
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Memory 

 “The more information is practiced or used, the better and longer it is 

remembered” (Alessi & Trollip, 2001 p. 23). Learners are more apt to practice in order to 

remember various information if they are attracted to the instructional delivery. Borji & 

Khaldi (2015) describe how the use of serious games in an educational context can 

motivate students and stimulate their interest as they fit into a world they know and in 

which they feel comfortable. The more students are motivated, the more they will 

practice. The more they practice, the longer the targeted information is remembered. 

Comprehension 

Comprehension is more than simple recall, it “makes fine discriminations and 

distinguishes examples from non examples” (Alessi & Trollip, 2001 p. 23).  Many people 

feel frightened when faced with the need to learn something substantial or something that 

they do not enjoy. Games are also associated with gratification and leisure. Learning 

through play, which is ultimately a form of entertainment, is easier and more attractive. 

Gaining knowledge, understanding and assimilation of concepts takes place almost 

unnoticed, because learning through play does not cause resistance by the user. 

Educational games integrate pedagogical objectives, and due to their attractiveness, they 

are a powerful tool that increases understanding  when used in education (Beligan, 

Roceanu, Barbieru & Radu, 2015 p. 28) 

Active Learning 

 “Active learning is when learners are able to create and store knowledge, skills 

and comprehension will increase as they are highly engaged” (Alessi & Trollip, 2001 p. 

24). Learners participate in occupations, such as reading, writing, discussion, or problem 
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solving that encourage analysis, synthesis, and evaluation of class subject matter. “Digital 

games can be good twenty-first-century learning tools because they share similar 

characteristics with successful learning environments—they are active, goal oriented, 

contextualized, adaptive, and feedback oriented  “ (Hovious  & Van Eck, 2015  p.34). 

Locus of Control 

Locus of control gives learners the ability to control “pacing, reviewing and 

requesting help” (Alessi & Trollip, 2001 p. 28).  When students have this type of control, 

they begin to take ownership of their learning. “Teachers across the country are reporting 

improved student engagement, attendance, behavior and performance...playing an 

educational game designed for classroom use” (Meyer, 2015 p. 20). This sense of 

ownership builds self-esteem and instills a desire to learn. Traditional instruction requires 

the teacher to take sole responsibility for leading the students through the learning 

process. Waddington (2015) discusses how in a simulation game, by contrast, tasks are 

managed by the game itself, which, at least in the ideal case, will have a curriculum 

carefully scaffolded into it. Simulation games also depend far less heavily on teacher 

knowledge for their operation. This gives the students the ability to control the pace of 

their learning. 

Transfer of Learning 

The final desired learning outcome would be for learners to “apply what they’ve 

learned  realistically” (Alessi & Trollip, 2001 p. 29).  “Education games incorporate 

mature make-believe which encourages growth and development, and fosters transfer of 

learning”  (Bruder,  2015 p. 50). The ability to transfer learning makes students 

ultimately college and career ready, which is an educational goal. This relates to the 
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SAMR model for effective use of instructional technologies. Puentedura (2016) discusses 

how the most powerful technology integration is when it transforms the learning in ways 

that haven’t been considered before. The SAMR model should also be applied when 

considering utilizing gamification as an instructional methodology.  

 

Puentedura (2016) 
 

Methodology 
 
Learning Space Prototype Description 
 
Overview 

In this mobile-based scientific adventure game primary aged students learn about the 

life cycle of a butterfly through the use of personification. students will help the butterfly 

develop into an adult as they learn about what happens at each stage (egg, larva, pupa, 

adult) and gain perspective as to challenges butterflies face as they grow and develop. 

The game will engage the learner through both touch-based activities and question and 

answer checkpoints that will ascertain the degree to which students have met learning 



 
 
Gamification and 21st Century Digital Learning: A Virtual Museum Butterfly Habitat Exhibit Prototype 
 

15 

objectives. 

• This content is divided into five stages: egg, caterpillar, chrysalis, emergence, 

adult 

• This game is designed specifically to work on hand-held devices, so students can 

learn anywhere. The portability of this game allows students to that the classroom 

outside and learn while observing nature.  

• Information is “explicitly provided” (Alessi & Trollip, 2001 p. 293) to players by 

lessons and pictures, or by the guiding butterfly character.   

• The player must demonstrate understanding of a stage prior to moving to the next. 

This is accomplished through a series of challenges that learners must “overcome 

or succeed at to reach a goal” (Alessi & Trollip, 2001 p. 279).  

• He or she has won the game when the butterfly has developed into an adult. 

Sample Objectives for an Educational Gaming Prototype 

Objectives 

After winning this game, the learner will be able to: 

• Identify different types of butterflies and the habitats where they lay their eggs 

• Describe how the egg arrives on the leaf and how long the butterfly stays in this 

stage 

• Explain how long the butterfly stays in the caterpillar stage and what it needs to 

survive 

• Explain how caterpillars transform into a chrysalis and what it is made of 
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• Describe how the the butterfly emerges from the chrysalis and when it is ready to 

take flight. 

• Identify each stage in their own real-world environment 

Prototype Application Example 

 

The learning space is designed with bright colors, bold, large text and music. The 

challenges for each stage enables students to repeat the information learned.
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A diagram of the life cycle  is displayed on the main page as the first concept 

model. As the student journeys through each stage, they dig deeper into the details of 

each stage. This enable correct mental models to form. 

 

The oculus rift would enable the students to enter a butterfly habitat simulation. 

As they follow the butterfly host, he or she will be able to observe the environment 
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needed for the butterfly to thrive. As he or she nears a particular stage within the 

simulation they will be able to hear detailed information regarding that particular stage. 

 

The student’s ability to transfer the knowledge in a real world setting is the 

ultimate goal of all education stakeholders. This learning space allows for students to 

upload photos they have taken as they identify stages within their own environments. The 

option for students to create a digital photo book based on the personal photos they’ve 

taken allows for the transfer of their learning 
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While the game levels can only be unlocked for game play once previous lessons 

and challenges have been completed, learners have the ability to control “pacing, 

reviewing and requesting help” (Alessi & Trollip, 2001 p. 28). The home button at the 

top of every screen allows players to control pacing and reviewing by returning to the 

home screen where they can select a level or review their progress. The help button, in 

the form of the guiding butterfly character, offers players an opportunity to request help 

by seeking guidance with difficult challenges and other questions.  
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The game provides opportunity for memorization by presenting material in an 

organized manner in lesson format and then asking the learner to repeat the information 

in the form of challenges. Lesson material may be grouped by color-coded or under topic 

headers to create organization and aid memorization.  “The more information is practiced 

or used, the better and longer it is remembered” (Alessi & Trollip, 2001 p. 23) and by 

asking learners to repeat information in the form of a memory flash card game they have 

a learning space in which they can practice recalling the material at hand, increasing 

retention. The inclusion of a timer adds a level of difficulty and motivation, as players 

may not beat the clock on their first try.  

 

.
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In order for a learner to show they truly comprehend the material, they must not 

only simply recall information, but must also “make fine discriminations and distinguish 

examples from nonexamples” (Alessi & Trollip, 2001 p. 23). In this game, players face 

some challenges with multiple choice questions that require such fine distinctions be 

made. Misleading or similar choices really test the learner’s comprehension.  
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A diagram of the life cycle  is displayed on the main page as the first concept 

model. As the student journeys through each stage, they dig deeper into the details of 

each stage. This enables correct mental models to form. 

Prototype Limitations 
 

The virtual museum prototype does not demonstrate the full capability of the 

many virtual reality platforms available today. It does illustrate how learners could 

possibly be engagingly attain knowledge (digitally) about a particular topic through the 

use of gamification and instructional design principles. Simple training could allow both 

educators and students develop curriculum-aligned technological platforms to strengthen 

the learning process. 

Findings 

Principles of instructional design strongly support those of James Paul Gee’s 

(2007) with regards to gamification as a teaching and learning technique.  Gee’s 

discussion about a game allowing the player to create an identity that enables them to 

take on an active and critical learning role, make inquiries and achieve meaningful 

success ties closely with the instructional design principle of the learner having a certain 

degree of control, or locus of control. 

Cultural model and transfer of knowledge principles closely aligns with Alessi & 

Trollip’s (2001) idea regarding transfer of learning.  This is the ability for learners to 

apply what they’ve learned in a safe environment where they are able to freely express 

their ideas, perhaps have their ideas challenged and to be open to hearing other 

perspectives.  Using technology in this way transforms the experience for the learners in 

ways that are not traditionally considered. 
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The instructional design principle of active learning speaks to a learner’s ability to 

create and stored knowledge that enables their skills and comprehension to increase 

through engaging venues.  This relates to the gamification principles around semiotic 

domains.  The ability to navigate and think critically about the various symbols and signs 

that are interspersed through today’s society.  To construct meaning and develop 

meaningful ways to communicate. 

Learners being able to access content through multiple modalities increases their 

ability to encode the information received.  This in return allows them to not only recall 

information but develop a way of discriminating authentic examples from nonessential 

information.  When learners are able to know frequently practice or use knowledge 

attained within contextual environments, the more they are able to retain the information 

learned.  This supports Gee’s (2007) principles relating to situated meaning and learning 

where the materials used in a game and its environment naturally a embeds problem-

solving and critical thinking.   

Conclusion 

Educators continue to seek instructional methodologies that enhance learning. 

Instructional design principles further support Gee’s argument that gamification can be 

used as a technique to improve learning.  The virtual museum butterfly habitat exhibit 

prototype outlines an example of how both Gee’s and instructional design principals can 

be implemented in an effective manner. The prototype demonstrates video simulations, 

games for assessments and sample activities that demonstrate how principals discussed 

could be effectively integrated in a possible unit of study. Perception and attention, 

encoding of information, memory, comprehension, active learning, locus of control, 
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mental models and transfer of learning are some instructional design principles that 

corroborate gamification can be applied during the learning process and have a positive 

impact. Educational games are becoming increasingly popular 21st century 

methodologies, as they streamline many cognitive psychology principles, allow students 

to facilitate their own learning and are effective instruments to use for cognitive 

development. 
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