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ABSTRACT 

 

Virtual Reality (VR) offers developers an immersive and engaging new medium 

to create simulations, training tools, and educational games. One of the first decisions a 

VR developer will face is which VR platform to target. In 2014 consumer choice was 

limited to Google Cardboard. By 2016 this had expanded to six platforms. Today there 

are not only more platforms, but even more variation in platform functionality. 

Developing for multiple platforms is becoming a necessity, but this can be a complex 

task; for instance, each platform requires you to write code using that platform’s 

Software Development Kit (SDK), thus code written for one platform will not work for 

another, additionally, each platform handles motion tracking and controller haptics 

differently, and even uses different coordinate systems for touchpad interfaces. This 

overwhelming amount of variance can be daunting for those who are interested in VR 

game development but lack the experience to do so, such as students and early 

professionals. 

Science, technology, engineering, and math (STEM) careers are on the rise and 

real-time industries like game development, are looking for ways to generate more 

interest in students. Research suggests that game development experience promotes 

higher STEM motivation; programming is a major component of game development but 

can be difficult to understand and with high failure rates. Programming courses in 

primary and secondary schools focus on teaching basic concepts using visually-based 
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applications; while these are effective, students are still unprepared for writing code and 

making a game.  

In this paper, I present and apply my approach to make VR development more 

accessible by creating a platform agnostic framework for the Unity game engine that 

simplifies the development process and reduces the programming load by providing 

users with an easy to use drag-and-drop toolkit. In my study, 20 high school students 

developed educational VR games for the Oculus Go. My findings indicate that those 

who used the framework found it easier to develop their game and showed a higher 

interest in STEM fields compared to those who did not use the framework. The 

framework was also applied in a professional environment where it continued to produce 

positive results. 
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NOMENCLATURE 

 

VR   Virtual Reality 

HMD   Head Mounted Display 

GE   Game Engine 

UE4   Unreal Engine 4 

SDK   Software Development Kit 

PNNL   Pacific Northwest National Laboratory 

PC VR High-end HMDs powered by a computer and connected via cables 

Standalone VR Mid-range HMDs that are fully self-contained with all hardware 

and software 

 

Mobile VR Low-end HMDs that act as simple viewers, where the user places 

a mobile phone in front of the viewer, which acts as the 

application player 

 

6-DOF Six Degrees of Freedom – the axes on which tracked objects like 

motion controllers and HMDs can move, representing full spatial 

and rotational tracking 

 

3-DOF Three Degrees of Freedom - the axes on which tracked objects 

like motion controllers and HMDs can move, representing 

rotational tracking 

 

3D Three Dimensions 

IR Infrared 

GE Game Engine 

GUI Graphical User Interface 

RPC Rapid Prototype Component 

N Population Size 
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M Mean 

Med Median 

d Difference in paired data 
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1. INTRODUCTION  

 

In recent years, VR experiences have seen an increase in practical applications, 

where businesses and schools are using them to perform evaluations, train employees 

(“Case study: Walmart”, 2018) and increase student engagement in the classroom 

(“Cultivating new levels of student engagement”, 2017; Hentsch, 2018). A medical 

clinic in Brazil utilizes VR to calm children while administering flu vaccinations (Brazil, 

2017). Educators and scientists in the U.S. state of Washington are beginning to 

integrate VR experiences into nearby schools to teach important STEM topics like 

networking and cybersecurity (“Serious Fun – PNNL VR”, 2019). VR has also found 

continued use in addressing the assessment, prevention, and treatment of PTSD in 

military veterans and others who have faced psychotraumatic experiences (Rizzo & 

Shilling, 2017). It’s clear that VR has the potential to make a positive impact in a 

number of fields, however, motivation for students and recent graduates to enter into 

STEM careers, such as VR game development, are not moving at a high enough rate to 

meet the needs of a growing STEM-focused job market (Hossain & Robinson, 2012). 

Game development is a complex task, difficult for beginners and experienced 

developers alike (Petrillo, Roden, & Kazemzadeh, 2009). A major component of game 

development is programming, which is plagued with high failure and drop-out rates in 

introductory computer science courses (Bennedsen & Caspersen, 2019), which can have 

a negative impact on those interested in game development. However, game 

development as a task can be an effective learning tool. 
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Serious games – games for education or training – exemplify instructionist 

learning (Kafai, 2006), where players gain knowledge by playing a game. A 

constructionist approach to learning focuses on creation as a part of the learning process, 

“learning by doing” (Kafai, 2006). However, developing a game from scratch is an 

extremely tedious process. As a result, several studies have been made, examining the 

effect that constructing a game has on students’ learning and motivation. Vos, Meijden 

and Denessen (2011) found that students who constructed a game versus those who only 

played a game, displayed an increase in motivation and deep learning. Other studies 

involving constructionist game development have seen similar results, with increased 

enthusiasm, motivation, and learning (Robertson & Howells, 2008). In addition, game 

development can have a positive impact on learner self-efficacy (Leonard, Buss, 

Gamboa, Mitchell, Fashola, Hubert, & Almughyirah, 2016) and interest in STEM 

careers (Miller, Chang, Wang, Beier, & Klisch, 2011). 

While game development has been proven to increase motivation and learning, 

as well as generating interest in STEM careers, it is still a challenging process, with 

students often regarding programming as the most challenging part of game 

development (Dickson, Block, Echevarria, & Keenan, 2017). In many constructionist 

game development courses, students are using simple, visually-based programming 

applications such as MIT’s Scratch (“Imagine, program, share”, 2019), CMU’s Alice 

(“Tell stories. Build Games”, 2019), or the Neverwinter Nights Toolkit (“Neverwinter 

nights toolset”, nd). These applications simplify or remove programming altogether, 

making game development more accessible to beginners. The drawback to using those 
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kinds of programs is that they are not used in professional game development, where 

full-featured game engines (GE) such as Unity (Unity Technologies, 2019), Unreal (Epic 

Games, 2019), Cryengine (Crytek GmbH, 2019), are ubiquitous. 

 Unlike simpler visually-based programs, GEs like Unity feature a rendering 

engine, physics engine, collision detection, sounds, scripting, animation, artificial 

intelligence, networking, and most importantly, support most major platforms: Xbox, 

Playstation, Nintendo, PC, Mobile, VR, etc. These types of GEs are more indicative of 

what students would be using in a professional environment to make games, 

unfortunately, they are significantly more complex, with a heavy reliance on 

programming. 

 As mentioned before, programming is a major component of game development 

and is not a simple task. This is made more difficult when developing an application for 

VR. The VR hardware environment has exploded in the last half decade; as it has grown, 

so has the number of VR platforms available, with popular headsets like the HTC Vive, 

Oculus Rift, Google Cardboard, and Oculus Go. Each of these platforms relies on a 

Software Development Kit (SDK), which programmers must use to write code that will 

allow their game to work on the target platform. These platforms also vary wildly in 

functionality and application. Some platforms like the Vive fit comfortably on your face, 

featuring room-scale playability and two motion controllers with full motion tracking 

and an array of buttons and touchpads. Other platforms such as Google’s Cardboard 

require you to hold the cardboard device to your face, doesn’t allow you to walk around, 

and only has one button. 
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 While it may seem like the Vive is the better platform, in 2016 roughly 420K 

Vive headsets were sold, compared to 88.4 million Cardboards (Mirt, 2017). This is a 

result of application. The Vive is expensive and requires a powerful computer to use but 

provides the best visuals and the highest degree of immersion, suitable for hardcore 

gamers and businesses. The Cardboard on the other hand is only a few dollars, relies on 

a mobile phone for power – of which there are 5.13 billion users worldwide (“1 billion 

more phones than people”, 2019) – and can be played anywhere, making the Cardboard 

more suitable for anyone with a phone interested in VR, or large audiences packed in the 

same room. 

1.1. Research Purpose 

 VR games and applications have the capability to have a profound effect in the 

way that we learn and interact with the world. The industry is growing rapidly, with new 

hardware appearing on the market every year, bringing with them advances in 

technology and new forms of user interaction and immersion. As the VR market grows, 

variability in hardware usage places a growing strain on developers, raising the barrier-

to-entry for VR development, thereby making development overall less accessible to 

students or early professionals. With the growing demands for a STEM-able workforce, 

and a shortage of students interested in STEM careers, game development provides a 

unique opportunity to motivate students, improve learning, and generate interest in 

otherwise uninterested individuals. 

 As a result of the complexities of multi-platform VR development, and the 

capabilities of game development to motivate students to enter into STEM careers, I 
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identified a need to make VR development more accessible by developing a platform 

agnostic VR framework that simplifies the VR game development process. My platform 

agnostic VR framework improves accessibility by simplifying the growing variation in 

VR hardware, providing users with drag-and-drop functionality to reduce programming 

complexity, and features a wider array of tools and support not found in related efforts. 

In this paper, I present and apply my framework in a week-long study, where 20 

high school students with little to no prior game development or programming 

experience use my framework to create a VR game for the Oculus Go. My study was 

designed to test the capabilities of the framework to make VR development more 

accessible, while improving users’ motivation, learning, and interest in STEM careers. 
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2. BACKGROUND 

 

In this section I’ll identify some of the challenges inherent to VR development, 

explore related works, and take a closer look at how game development can be an 

effective tool to improve learning and motivation, and generate interest in STEM 

careers. 

2.1. VR Hardware 

With the boom of current generation VR development in the last decade, many 

new headsets and VR technologies have become available to consumers. In 2017 alone, 

approximately 13.7 million units were shipped with growth expected to surpass 81 

million by 2021 (Lamkin, 2017). These headsets vary broadly in price, capability, 

functionality, and usability, as such, it is important to understand the differences between 

each, especially when targeting multiple platforms. VR headsets can be divided into 

three categories based on their functionality (Figure 2.1): PC-Tethered HMDs (also 

referred to as headsets), or PC VR (PC), Standalone VR (Standalone), and Mobile VR 

(Mobile) 

2.1.1. PC-Tethered VR 

PC-tethered HMDs like the HTC Vive and Oculus Rift are high-end VR 

platforms connected to a computer where applications are stored and launched, relying 

on the computer for all rendering purposes. Processing happens on the computer and not 

the headset. The rendered images are transmitted to the headset via an HDMI cable or 

similar video interface. PC-tethered HMDs have 6-Degrees of Freedom (6-DOF), paired 
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with 6-DOF tracked motion controllers, containing a mix of analog sticks, touchpads, 

triggers and grip buttons, allowing the player to interact with virtual objects in the game 

world or application. 6-DOF motion tracking represents the number of different 

directions an object can move in 3D space. A 6-DOF tracked object can move in any 

direction and rotate along any axis (Figure 2.2) creating a 1:1 relationship to real-world 

physical movements.  

 

 

 

Figure 2.1. Examples of PC-tethered, standalone, and mobile VR HMDs. 
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Figure 2.2. The 6 degrees of freedom. Reprinted from Lieshout (2009). 

 

 

Motion tracking on PC-tethered platforms such as the HMD and motion 

controllers is made possible via infrared (IR) sensors. The HMD and motion controllers 

are covered in small IR sensors which are tracked by external IR sensors placed around 

the physical environment. The Vive and Rift both use two external IR sensors, but it’s 

possible to use more than two for more precise tracking. The external IR sensors are also 

used to define the play-space for the player. The play-space is a physical space defined 

by the player that acts as the boundary within which the player can move and interact in. 

Play spaces can be large or small, depending on the physical environment’s size 

limitations and the locations where the external IR sensors are placed. This combination 
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of IR sensors and 6-DOF motion tracking allows users of PC-tethered HMDs to play VR 

experiences in a room-scale environment allowing for the highest degree of immersion. 

Unlike standalone and mobile VR, players are free to move around in their physical 

environment, and their actions will be captured 1:1 in virtual reality. 

The freedom that PC-tethered platforms provide, however, does not come 

without its drawbacks. While play spaces allow a lot of freedom to move, they take up a 

lot of space, limiting the number of people who can engage in VR in the same room at 

the same time. This makes it suitable for single-person setups like what you would find 

at a conference booth, home setting, or office setting, but not suitable for close proximity 

multi-person environments, such as a classroom, public event, or conference ballroom 

where thousands may be in attendance. Additionally, the tethered aspect of PC-tethered 

is not without mention. Since the player is connected via cable to a computer, tripping 

and getting tangled in the cable is a common problem that users need to be cognizant of, 

not to mention the physical limitation on movement incurred by a cable. Finally, PC-

tethered VR headsets are considerably more expensive than standalone or mobile VR. 

PC-tethered headsets can cost anywhere from $399 to $999, and that’s just for the 

headset, controllers, and IR sensors. They also require a powerful computer for 

rendering and processing, which can cost into the thousands. 

2.1.2. Standalone VR  

Standalone VR HMDs consist of devices like the Oculus Go and Lenovo Mirage. 

As the name implies, these headsets are standalone devices, meaning they do not require 

a computer to be connected to – ergo, no cables – and all hardware and software is built 
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into the HMD itself. Standalone platforms are unique, in that they have their own 

internal storage, operating system, processing, and even internet capabilities and 

Bluetooth. Unlike PC-tethered platforms, standalone HMDs have 3-Degrees of Freedom 

(3-DOF) and use a single 3-DOF motion controller. 3-DOF is like 6-DOF, except that it 

does not include the 3 axes of translational movement (forward/back, up/down, 

left/right), relying solely on rotational motion via yaw, pitch, and roll. 

With standalone platforms, there is no motion tracking. Head rotation is 

calculated via an accelerometer and gyroscope, but does not contain any translational 

information, only rotation. This allows the head to rotate in any direction, but the user’s 

translational movements in the physical environment will not be replicated in virtual 

reality. This can cause simulator sickness (often misinterpreted as motion sickness) in 

some users because the head is moving in real life but in virtual reality your head 

position is locked, causing a disconnect between what you see and what you feel. 

Similarly, the 3-DOF motion controller is tracked via gyroscopes but limited to 

rotation. The motion controller’s position is determined relative to the head, using a 

mimicked-arm model that seeks to replicate arm movement. However, because it lacks 

positional information, 3-DOF controllers act more like laser-pointers than hands, 

staying locked by the user’s side and moving in circular cone-like patterns.  

As a result of the 3-DOF limitation, VR applications on standalone platforms are 

stationary experiences. There is no play-space to move around in, and actions such as 

reaching out to grab an object, crouching, or even jumping are not possible. There is a 

performance limitation as well with standalone. Since the headset is entirely self-
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contained, that means there is essentially an entire computer attached to the user’s face. 

To keep the headset in a small form-factor and lightweight, standalone headsets use 

mobile phone hardware for the internal storage, processing, and memory. The processing 

power of a mobile device is far below that which can be had from a desktop or laptop, 

which translates to lower quality visuals, as well as lower display refresh rates 

(commonly called frame rate). Refresh rate also plays a key role in simulator sickness. 

PC-tethered platforms target a 90hz refresh rate, whereas standalone and mobile target 

60hz. If an application’s frame rate drops below these values, the user will be subjected 

to visuals that seem to skip, stutter, or tear, which can cause discomfort and simulator 

sickness. PC-tethered platforms utilize a technology that smooths stuttering visuals, but 

standalone and mobile platforms do not. 

While these are drawbacks to standalone platforms, they do not come without 

their advantages. Standalone devices are significantly cheaper than PC-tethered devices. 

For example, at the time of this writing, Oculus Go’s are available in 32GB and 64GB 

versions, costing $199 and $249 respectively. Without the need for an expensive 

computer or other peripheral devices, that is the all-in price for a standalone VR headset. 

This relatively low price point creates a lower barrier-to-entry for people who may be 

working with a small budget, such as educators, community centers, or startups. 

Additionally, the absence of cables combined with the stationary nature of standalone 

VR, means you can have tens or hundreds of people near one another, all experiencing 

VR simultaneously without fear of collision or tripping on any cables.  
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2.1.3. Mobile VR 

The mobile VR platform is nearly identical to standalone VR. Mobile VR 

platforms include Google Cardboard, Google Daydream, and Samsung’s Gear VR. 

Unlike a standalone VR device, mobile VR platforms rely on a mobile phone for 

processing and displaying visuals and has limitations on which phone models can be 

used. Generally, a VR-compatible phone must have a touch screen and run on either 

Android or iOS. Depending on the platform, users may be further limited to specific 

phone models and sizes. Mobile HMDs are simply “viewers”, with a pair of lenses and a 

place to hold your phone in front of them. Applications are launched on the phone, and 

then inserted into the viewer where the lenses combine the stereoscopic image on the 

phone display into a single image. Depending on the mobile phone used, HMD motion is 

either 3-DOF or 6-DOF. Newer, very high-end mobile chipsets have capabilities to track 

translational movement, but a large majority of mobile VR uses 3-DOF and is a 

stationary experience, identical to standalone. For the sake of this paper, mobile VR will 

be considered as 3-DOF. 

Unique to mobile VR is the inter-platform variety regarding input and 

wearability. Google Cardboard for instance, does not use a controller at all. There is a 

single button built into the viewer itself, which when pressed, taps the mobile display 

like a finger tap in traditional mobile phone interactions. Some of the cheapest versions 

of Cardboard don’t have any inputs at all, relying on the developer to set-up gaze-based 

interactions whereby the player looks at an object they want to interact with, and after 

some time there is a reaction. Additionally, simple viewers like Cardboard do not have a 
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head strap, so the viewer must be physically held up to the face. Unlike more expensive 

mobile VR headsets, such as Daydream and Gear VR, Cardboard can be used with most 

phones that have a touch screen, regardless of phone operating system. 

First generation Gear VR HMDs have more methods of input than Cardboard 

and include a head strap so the device can be worn hands-free. Gear VR HMDs have a 

touchpad on the side of the viewer for swiping and taping, and tactile “back” and 

“home” buttons for in-app navigation. However, Gear VR is only compatible with 

Samsung mobile devices, specifically the Galaxy S and Galaxy Note line of products, 

thus limiting the audience for this HMD. A second-generation Gear VR HMD is 

available as well that retains all of the features of the first but adds a 3-DOF motion 

controller with functionality identical to standalone platforms’ motion controllers.  

Google Daydream provides a similar experience to Gear VR: it has a head strap, 

3-DOF motion controller (standard), and has limited phone compatibility (Google Pixel 

and Nexus mobile devices). Unlike Gear VR, the Daydream HMD does not have any 

inputs on the viewer itself. 

Mobile VR is a great low-cost entry point for beginners and those interested in 

VR but unwilling to spend a lot of money. Viewers like the cardboard are typically made 

from cardboard or cheap plastics and require the user to assemble the headset themselves 

in a few steps. These types of mobile VR viewers are typically no more than a few 

dollars, and often free. The Gear VR and Daydream headsets are a little pricier, but 

provide more features, better fit and finish, and a more comfortable experience. Gear 

VRs can be found for roughly $49, and Daydreams for $99. 
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2.2. Why Is a Platform-Agnostic Framework Needed? 

As more VR hardware has been released over the last few years, more developers 

are trying to create their own unified VR frameworks (VRTK; The Game Creators). 

Generally, these frameworks come about for two reasons: (1) application accessibility, 

(2) current VR SDKs are entirely incompatible. Unfortunately, these frameworks often 

support only a limited number of platforms. 

2.2.1. Application Accessibility 

In the same way that traditional game studios like Electronic Arts and Activision 

release new titles on PlayStation, Xbox, and Nintendo consoles to reach a larger 

audience, VR developers need to be able to do the same. VR is becoming a popular way 

to replace traditional learning and simulation methodologies in a number of industries 

(Ardulov & Pariser, 2017; Christou, Michael-Grigoriou, & Sokratous, 2018; Dickson et 

al., 2017; Sharma & Otunba, 2011), but not everyone has every headset and some 

platforms have higher adoption than others. Traditionally, VR applications are targeted 

at one platform or a family of platforms (PC/Standalone/Mobile), but rarely do 

developers create an application that will run on many platforms across multiple 

platform families. This is a time-consuming process that requires re-writing a lot of 

code, changing designs and interaction methods on a per-platform basis, and optimizing 

art assets for lower-end hardware. As a result of this complexity, developers target only 

a handful of platforms, primarily in the same platform family. However, Schlueter 

Baiotto, Hoover, Kalivarapu, Evans, and Winer (2017) argued that VR applications, 
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“…should not be limited by the accessibility and compatibility of the hardware, instead 

the applications should be made to support multiple hardware platforms.”. 

2.2.2. Platform Compatibility 

Programming is a major component of game development. Every application, 

whether it’s a game or an app on your phone, is developed using a Software 

Development Kit (SDK). An SDK is a set of software development tools that allows for 

the creation of applications for a specific software package or hardware platform 

Developing a VR application is no different. Every platform uses its own SDK that 

programmers use to write code that will work for the target VR platform. By 2018, 

developers had 5 major SDKs to choose from when developing their VR applications 

(“Best virtual reality SDKs”, 2018). 

Without a platform agnostic approach, developers need to write code specific to 

their target platform’s SDK and repeat this process for every SDK they wish to deliver 

on. Each individual SDK only applies to their own specific hardware, eg. SteamVR for 

HTC Vive, OVR for Oculus products, Google VR for Google products etc. So, if a 

developer wants to target the Vive and Rift, they must rewrite the same code multiple 

times, once for each platform using each platform’s SDK, to achieve the same result on 

all target platforms. For instance, the Vive and Rift motion controllers both have trigger 

buttons. If the developer sets up the trigger button as a means of interaction, they must 

first write code specific to the Vive’s SDK so that the trigger works for that platform, 

and then rewrite the same code using Rift’s SDK. This incompatibility between SDKs 

forces developers to write a lot of additional code so that their program will run as 



 

16 

 

expected for each platform, which can take a lot of time and require understanding of 

multiple SDKs. A platform-agnostic framework tries to unify similarities like these 

between platforms into generalized events. In the previous example, a trigger button 

event on a Vive controller, and a trigger button event on an Oculus Rift Touch controller 

are generally the same thing, so they can be simplified into a single generic trigger event. 

When platform similarities have been made into platform-agnostic generic events, the 

developer doesn’t need to worry about writing custom code for each platform, instead, 

they only need to write code for the one single generic event, and it will work 

automatically for each individual platform. 

In addition to incompatibilities between SDKs, there’s a lot of incompatibilities 

when working with different hardware. As stated earlier, input methods for PC-tethered, 

standalone, and mobile platforms can have multiple controllers and many buttons, or no 

button at all. A 2-handed experience for the Vive where the player can reach out and 

grab objects or press a button to open a game menu may not work on standalone and 

mobile because of the variation in controller tracking, and the lack of inputs. 

Additionally, motion controllers for the Vive and Rift have force feedback capabilities, 

but mobile and standalone platforms do not. 

2.2.3. Limited Platform Support 

Popular VR toolkits like AppGameKit VR (“AppGameKit – VR”, nd) and VR 

Toolkit (“VRTK – Virtual Reality Toolkit”, nd) only target a limited number of 

platforms such as Vive and Rift. But the Vive and Rift are expensive, and adoption is 

low compared to standalone and mobile platforms. Generally, these platform-agnostic 
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approaches are designed such that as new platforms come out, they can be integrated 

easily, but without existing support for standalone and mobile platforms, they are still 

limited to a small portion of the VR market, limiting the number of platforms a 

developer can target. A more comprehensive framework should include multiple 

platforms from multiple platform families, thereby allowing a seamless integration of 

future hardware and SDKs. 

2.3. Challenges in Programming 

Programming is a major component of game development. Programming is used 

to give functionality to objects, load game environments, spawn enemies, and play 

sounds. Unfortunately, programming is a complex subject and can be difficult to 

understand, especially for beginners. A survey sent out to colleges and universities 

around the world found that 33% of students in introductory computer science 1 (CS1) 

programming courses failed or dropped out altogether (Bennedsen & Caspersen, 2019). 

Furthermore, some two-year community colleges have reported more extreme numbers, 

with failure rates as high as 90%. Prospective learners who hear these kinds of numbers 

could be disheartened or avoid careers involving programming altogether. 

Understanding what makes programming so difficult and how it can be 

understood better, allowed us to design a more usable framework. Multiple studies have 

found that understanding programming structure, learning syntax, understanding how to 

design a program to solve a task, and dividing functionality into procedures or classes 

are all strongly correlated. The student either learns all easily or has a problem with all 

of it (Lahtinen et al., 2005; Renumol, Jayaprakash, & Janakiram, 2009). Analysis from 
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these studies reveal that students felt that traditional learning methods such as text 

books, lab work, slides, and lecture notes were not very helpful in learning 

programming. However, students who struggle with programming did report that 

practical examples, assistance, and personal attention were the most helpful resources in 

learning programming (81%), suggesting cognitive domain has high significance in 

programming education. 

2.4. Game Development: Improving Learning, Motivation, and STEM Interest 

2.4.1. Improving Learning and Motivation 

Typical learning takes an instructionist stance, where learning is gained via 

instruction. Regarding games, this means kids learn by playing games. Multiple studies 

have found an instructionist approach to be effective (Metcalf et al., 2008; Miller et al., 

2011), but Kafai (2006) proposed the idea of using a constructionist approach to 

learning, where students not only learn, but gain a deeper understanding by actually 

making a game. This constructionist approach can be applied to both programming, and 

game development to introduce a new form of learning within students, as well as 

increased motivation. Making games that act as a learning tool and make learning 

enjoyable, is a difficult task. Good learning requires that learners feel like producers of 

information, not just consumers (Gee, 2005). Game-based tasks such as forming 

hypotheses, experimentation, and consequences of actions, facilitate a trial-and-error 

approach that has been considered supportive of the development of logical thinking and 

problem-solving skills, supporting the constructionist theory of learning (Bransford, 

2004; Vos et al., 2011). 



 

19 

 

 One such study on elementary students in the Netherlands compared a 

constructionist and instructionist approach to game development. Their findings show 

that students in the constructionist group felt more competent than those in the 

instructionist group, as well as an increased feeling of motivation (Vos et al., 2011). 

Many studies utilizing a constructionist approach have found similar results, where 

students reported increased learning, enthusiasm, motivation, and even determination to 

reach a higher standard of achievement (Kurkovsky, 2009; Metcalf et al., 2008; Miller et 

al., 2011; Robertson & Howells, 2008; Seaborn, El-Nasr, Milam, & Yung, 2012). 

2.4.2. Programming Interest and Game Development 

Given the difficulties in programming and propensity to be a failure-laden 

subject, many have had success in improving learners’ interest and motivation in 

programming through game development courses. Parberry, Roden, and Kazemzadeh 

(2005) have found success in their capstone undergraduate game development course 

where computer science students designed a game in collaboration with art students 

from another class. The success of this course generated interest in computer science 

classes and game development at UNT, with 37% of CS undergrads selecting University 

of North Texas (UNT) solely for their game development classes. Similarly, Kurkovsky 

(2009) designed a mobile game development course to engage freshman undergraduates 

early by introducing them to advanced CS topics that can be applied to game 

development. These practical connections generated interest in students, with students 

expressing interest to learn more about networking, artificial intelligence, and databases, 

beyond the classroom. 
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2.4.3. STEM Interest 

As the world becomes more technologically developed, the need for skilled 

workers in STEM fields is growing (Hossain & Robinson, 2012). Unfortunately, many 

STEM-able students fail to realize their potential or leave STEM fields entirely during 

college. Some suggestions to improve student interest in STEM careers include: science 

summer camps or after-school programs, exploring technology hobbies, basic computing 

comprehension, and helping them to learn more about computers. 

 Along with increased learning and motivation, game development and even 

playing games (Miller et al., 2011) have shown increases in STEM interest (Leonard et 

al., 2016; Seaborn et al., 2012). It should be noted however, that game development can 

have a negative impact on STEM career interest if the development process is difficult 

and non-intuitive, suggesting that a high-learning curve for development software could 

be correlated with declined interest. (Leonard et al., 2016). 

2.5. Related Works 

AppGameKit – VR and VRTK are two popular toolkits for Unity that attempt to 

create a platform-agnostic approach to VR development. Both are available to 

consumers for a fee, or free of charge, and provide a set of tools, scripts, and pre-

fabricated game objects to help developers deliver products on multiple VR platforms. 

AppGameKit - VR (AGKVR) is a paid toolkit for the Unity GE that builds on the 

source toolkit, AppGameKit. AGKVR uses and requires the AppGameKit core scripting 

language, and gives users access to 60 commands to help developers create input events, 

render a 3D scene to the HMD, and access positional values for the player and 
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controllers, among other things. AGKVR only supports two of the six major VR 

platforms: HTC Vive and Oculus Rift, requiring the user to either have Vive controllers 

or Oculus Touch Controllers for input. AGKVR does not provide the developer with any 

off the shelf tools to simplify or speed up the development process, instead providing the 

developer with demo scenes and scripts which they must examine and understand in 

order to write their own scripts. There is a heavy emphasis on programming, as 

developers are expected to write their own code using the AGKVR toolkit as a 

backbone. However, AGKVR’s inclusion of demo scenes is beneficial for learning, as 

seen in previous studies. 

VRTK is one of the most popular VR toolkits and has a large following of 

developers; it provides more VR hardware support than AGKVR, drag-and-drop prefabs 

and components for quick and easy development, and is fully documented. VRTK is no 

longer kept up to date by the original developer but is open sourced and completely free 

on GitHub where a large community of users regularly update the toolkit and fix bugs 

themselves. VRTK supports SteamVR (HTC Vive), all Oculus products, and Google 

Daydream (experimental). This toolkit includes premade prefabs and components that 

can be drag-and-dropped onto game objects to give them instant functionality, such as 

grabbing/picking up, player physics, and teleporting. In addition to its ease of use, 

VRTK has full documentation with videos, and a support channel via Slack. One of the 

downsides to VRTK, however, is that since it is hosted on GitHub, in order for new 

developers to get started they need to have some basic understanding of source control 



 

22 

 

software and pulling/cloning repositories. This could prove to be challenging to someone 

who is new to game development. 
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3. VR FRAMEWORK: DEVELOPMENT 

 

The framework was constructed for Unity, version 2018.2.2. Unity is one of the 

most widely used publicly available game engines and works closely with VR software 

developers to keep up to date with the ever-changing VR landscape. Unity has also been 

used extensively by educators to teach game development courses to beginners, so there 

is a lot of literature on what works and what doesn’t. The learning curve for Unity is 

considered to be fairly shallow (Dickson, 2015) compared to Unreal which has been 

observed to have a very steep learning curve (Dickson et al., 2017). In addition, Unity 

offers an enormous 3D asset store to developers - an online marketplace hosted by Unity 

where developers can find 2D and 3D models, pre-made art packs, scripts, and 

practically anything a developer could need to help them with their game. Furthermore, 

Unity offers multi-platform VR support ‘out-of-the-box’, including native support for 

many popular VR SDKs (native meaning SDKs are already included with the software). 

Finally, Unity has multiple pricing tiers: personal, plus, and pro. Personal is completely 

free, plus is $35/month and pro is $125/month. It is also free for students. 

3.1. Defining the Framework 

The goal was to develop the most accessible VR framework possible. I wanted to 

target Unity as it provides the most support for VR platforms, but it can be difficult to 

use for beginners given the complex UI layout and heavy reliance on programming. 

Other game development courses have used game development programs better suited 

for beginners (Robertson & Howells, 2008; Seaborn et al., 2012), such as GameMaker 
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(“GameMaker”, nd) and the Neverwinter Nights Toolkit, because they do not require 

programming, or replace programming with a visually-based system (Figure 3.1). These 

were not options for me because they are simplistic in nature, and most importantly do 

not support VR development, however, they provided valuable inspiration for one of my 

key development pillars. 

Based on the background research, the framework was divided into three pillars 

designed to meet the needs of an accessible platform agnostic VR framework: 

abstraction, ease of use, and organization and documentation. 

 

 

 

Figure 3.1. GameMaker visual scripting system. Reprinted from Game From Scratch 

(2017) 
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3.2. Abstract As Much As Possible 

It’s clear how varied the VR environment can be, from the high-quality, high-

immersion platforms like the Vive, to the limited and simplistic platforms of Cardboard. 

Developers need to be able to work on their game without worrying about which 

platform to target, which SDK’s code they need to use, and how things like interactions 

will work on a PC-tethered platform and a mobile platform. 

The first goal was to create an abstraction layer between the individual SDKs and 

game logic, whereby the abstraction layer creates a single point of entry for all SDKs, 

separating them from developers’ game logic while creating generic events and actions 

that developers can use in their scripts. The abstraction layer generalizes key 

components of the SDKs such as inputs, haptics, hardware tracking, and platform 

specific settings, split among a small number of individually managed core classes. This 

abstraction is important because different SDKs handle each of these things using their 

own methods. For example, SteamVR (Vive’s SDK) allows direct control over haptic 

effects given a force and duration, while Oculus’s OVR SDK (Rift) generates an audio 

waveform to create a haptic effect. Similarly, the X/Y coordinate system on the Vive 

controllers’ trackpads is not the same as the Gear VR controller’s trackpad. Without the 

abstraction layer, a developer would have to write custom code to handle these 

differences between platforms, which requires not only understanding each individual 

SDK, but how to use them in their scripts. Thus, I began by identifying common 

denominators like these between platforms, and then focused on creating generic actions 
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that can be called by developers. Figure 3.2 demonstrates how inputs are abstracted 

between different SDKs, returning generic events that can be used by the developer. 

 

 

 

Figure 3.2. SDK Input abstraction handled by two core classes. SDKs in orange, the 

abstraction layer in green, game logic in blue. 

 

 

 The abstraction layer unifies variations in hardware into simple to use events that 

can be used by the developer to create actions that will work across any platform. Figure 

3.3, 3.4, and 3.5 demonstrate the code involved to create a simple trigger event using 

SteamVR (Vive’s SDK), OVR (Rift SDK), and my framework, respectively. Using 

SteamVR, it took 34 lines of code, OVR, 32 lines of code, and with my framework, 16 

lines of code. Although it is unlikely that developers will have to program simple events 
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like these thanks to the next pillar in my framework, it is possible and noticeably simpler 

and more concise. 

 

 

 

Figure 3.3. Code required to set-up Trigger events on the right and left HTC Vive 

motion controllers. 
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Figure 3.4. Code required to set-up Trigger events on right and left Oculus Rift motion 

controllers. 

 



 

29 

 

 

Figure 3.5. Code required to set-up Trigger events on any platform’s right or left motion 

controller using my platform-agnostic framework. 

 

 

3.3. Easy to Use 

Without a doubt, game development requires a lot of programming, and 

programming is not easy. Unity is more code-heavy than the Unreal game engine which 

uses a node based visual programming system. In a classroom study, students reported 

that while Unity was easier to learn overall, programming in Unity was difficult 

(Dickson et al., 2017). This section goes into detail regarding how I leveraged Unity’s 

capabilities to reduce the amount of programming developers need to do when using my 

framework. 
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I began by exposing the inner workings of the core functionality of the 

framework via Unity’s Inspector Graphical User Interface (GUI). Through the Unity 

Inspector (Figure 3.6), the developer has access to drop down menus, buttons, and a 

collection of fields and modifiable variables that allows them to define exact 

functionality on a per platform basis. This exposure of control eliminates the need for 

developers to look at and understand the scripts that make up the core of the framework. 

To further simplify usage, developers are provided with a drag-and-drop toolkit of Rapid 

Prototype Components (RPC) that are prefabricated components which can be attached 

to objects to instantly give them instant in-game functionality on any VR platform. 
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Figure 3.6. The Unity inspector. The Inspector is where information about an object is 

shown when the object is selected. 

 

 

3.3.1. Expose Core Functionality for Detailed Control 

The result of the framework’s abstraction layer is a handful of core classes 

broken up based on the main shared functionalities between platforms such as hardware 

tracking, inputs, haptics, and platform specific hardware management such as foveated 

rendering, refresh rate, and render scale. The core classes of the framework are where 

the actual SDK abstraction happens, but these scripts are large and complicated. In order 

to give the developer detailed control over their game without having to investigate and 
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understand these scripts, I have exposed major components of each class into the Unity 

UI. Figure 3.7 demonstrates a few examples of these core classes and their exposed UI 

information. 

Example core classes include: 

• Player – Determines how the player should be manipulated and moved in 

VR. 

• InputManager – Abstracts all inputs into generic events 

• VRController – Handles anything to do with motion controller position 

and rotation. 

• HandManager – Manages interactions made by the hands, including 

objects held and which hand is holding or interacting with what at any 

given time. 

• HapticManager – Manages force feedback on platforms where it’s 

available 

• TeleportManager – Manages teleporting on all platforms. 

• PlatformManager – Manages platform specific controls, such as Fixed 

Foveated Rendering (FFR), render scale, mobile/standalone camera 

height, and post processing usage. 
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Figure 3.7. Exposed UI elements for the HandManager and TeleportManager core 

classes. 

 

 

3.3.2. Drag-And-Drop Functionality 

Building off Unity’s Entity-Component system, whereby objects are treated as 

empty containers and are given functionality by adding components, I created a 

collection of drag-and-drop components available to developers called Rapid Prototype 

Components (RPC). These drag-and-drop components represent the most commonly 

used actions in game development, such as grabbing/picking up objects, generic 

interactions, force feedback, playing sound effects, playing animations, object physics, 

and firing external game events. These components are entirely self-contained and can 
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work on their own or with other components on the same object; this allows the 

developer to add as much or as little functionality as they need to individual objects 

(Figure 3.8). For instance, making an object grabbable in VR is as simple as dragging 

one of these components onto an object. In one simple step, that object can now be 

grabbed on any VR platform. To add additional functionality such as force feedback or 

physics, all the developer must do is drag and drop the respective components onto the 

object; all three components will automatically be aware of each other and work 

symbiotically. Additionally, the RPCs automatically reference the underlying core 

classes of the framework to dictate how they should function on a per-platform basis. 

This allows the developer to set per-platform functionality on the exposed core class 

UIs, and individual component functionality on the RPCs themselves. 

Like the core classes, RPC components have exposed UI elements allowing 

developers to easily control each individual component. The RPC Pickup component for 

example has exposed controls, allowing the developer to determine what method of 

interaction should be used for that object (distance based, overlap, or point-at), as well as 

pickup motion (instant or interpolation), highlighting, releasing, and other controls 

(Figure 3.9). This collection of drag-and-drop components heavily reduces the amount of 

programming a developer needs to do by providing them with off-the-shelf options, 

instead of having to write code themselves. As seen in prior studies, this kind of usability 

was the deciding factor for using more simplistic game development applications like 

GameMaker and Neverwinter Nights Toolkit, however, I have achieved a similar result 
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in a more sophisticated and professional GE. I believed this would make the framework 

far easier to use than related efforts, regardless of Unity’s inherent complexity. 

 

 

 

Figure 3.8. Adding functionality to a beaker using the RPCs. 
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Figure 3.9. Exposed UI options for the RPC Pickup component 

 

 

3.4. Organization and Documentation 

Organization and documentation make up the third pillar of the framework. In 

keeping with making this framework as accessible as possible I wanted to design the 

framework such that it is organized, and thorough documentation is readily available. 

Prior studies found that students learned better when provided with example files, as 

opposed to instructional materials. Thorough documentation was created in the hopes 

that it would achieve this goal. 

3.4.1. Organization 

The framework is organized into clearly named folders following common game 

development organizational practices. These folders keep files associated with the 

framework in a single location, with sub-folders clearly named and further separated. 

Core classes and the RPCs are kept separate, avoiding any confusion for the developer. 
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Furthermore, core classes and RPCs use different naming conventions; all RPCs have a 

prefix of “RPC_”. This makes searching for RPCs an easy process. 

My approach to reduce and generalize the number of core classes and keep them 

separate from attachable components presents an advantage over working with 

individual SDKs. For instance, when working with SteamVR, attachable components 

and core classes are all mixed together; there is no clear naming convention or 

separation between what the developer should use and what they shouldn’t. Furthermore, 

core classes and attachable components from one SDK will not work when trying to 

develop for another, immediately limiting the number of platforms a developer can 

develop for. If you tried to attach a SteamVR “grabbable” component to an object when 

developing for the Oculus platform, it simply would not work. A clear advantage my 

framework provides over traditional development. 

3.4.2. Documentation 

Similar game development courses have found that sufficient documentation is a 

necessity for helping students find help on their own (Dickson et al., 2017). My 

framework is fully documented in a searchable and hyperlinked PDF file. The 

documentation contains breakdowns and images for every single class, component, and 

script in the framework. These breakdowns include how to use the class/component, it’s 

dependencies, it’s UI exposed variables and their options, as well as hyperlinks to related 

aspects of the framework. 
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3.5. Reviewing the Framework 

The framework has been designed with accessibility in mind. The platform-

agnostic approach allows developers to develop for any VR platform, without worrying 

about duplicating code for individual SDKs. The abstraction layer provides a unified and 

simplified way of accessing every SDK and the core classes are designed to give the 

developer control at a per-platform level. The RPCs eliminate the need for repetitive and 

tedious programming by providing the developer with drag-and-drop functionality of 

some of the most common functions in games. Finally, the framework is well organized 

and documented, presenting developers with a clean appearance, and thorough resources 

and examples. 

3.6. Preliminary Case Study 

Working with Pacific Northwest National Laboratory (PNNL), the framework 

was applied in a preliminary case study. A chemical lab security and safety training 

application was developed, training lab workers how to identify potential safety and 

security hazards in a lab environment. The VR framework was used to develop this 

application as seen in Figure 3.10. The goal for this application was that it needed to be 

portable for conferences and demonstrations, but also include a high-end standalone 

version for sponsors visiting PNNL. With a team of one developer, the application took 

four weeks to make, including all art and gameplay logic. The application was deployed 

on Oculus Rift, HTC Vive, Cardboard, and Gear VR with no additional overhead to 

make modifications for specific platforms. Oculus Go and Daydream were not added to 
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the framework yet. As a result of the application being deployed on multiple platforms, 

it had the capability to reach over 100 million potential VR users. 

 

 

Figure 3.10. Chemical Lab Security and Safety app on Gear VR. 
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4. STUDY PROCEDURE 

 

To determine the efficacy of the platform-agnostic VR framework, a study was 

conducted on two groups of high school students with little to no prior programming or 

game development background. The sample size consisted of 20 honor’s high school 

students from around the US. Study participants were a part of the week-long Aggie 

STEM summer camp, where they had the option of choosing a VR game development 

course as a part of their week-long camp. The Aggie STEM summer camp program has 

been involved in STEM outreach both locally and internationally, drawing large 

numbers of students every year to their summer-long camps. This environment provided 

me with an established program and diverse population of students with whom I could 

test my framework on.  

I chose to work with students from the Aggie STEM summer camp as it was best 

suited to testing the capabilities of the framework. Students attending the STEM camp 

were already more inclined to be interested in STEM careers. Additionally, there was a 

possibility that students would generally be more tech-savvy, improving their chances to 

produce a complete game by the end of the study. I hoped that their pre-existing interest 

in STEM fields, likelihood of being more tech-savvy, and experience using the 

framework, would improve learning, increase motivation, and generate more interest in 

STEM careers. 

 Prior to the study, participants submitted permission forms following the Aggie 

STEM IRB protocol. Participants spent four hours a day for five consecutive days – for a 
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total of 20 hours - working in teams of three or four to create a VR game focused around 

a specific STEM topic. Participants were given pre-study and post-study surveys to 

determine prior experience, interest in VR and game development, ease of development 

with or without the framework, and self-efficacy as it pertains to game development. 

4.1. Test and Control Groups 

The teams were divided into test and control groups, where the teams that fell 

into the test group used the VR framework to aid in their development process, and the 

control group teams would not. Participants were given a brief explanation of the 

framework and asked whether they would like to use the framework or not based on the 

explanation. Had the desire to use the framework or not been equivalent, then teams 

would have been formed that way. This was not the case, with everyone in the study 

expressing a desire to use the framework. Thus, teams were assembled semi-randomly 

based on prior game development experience. Five participants had prior game 

development experience, so they were split up and teamed up with other participants 

who had no prior development experience. Where there was an imbalance of teams with 

and without prior experience, the teams with more prior experience were placed in the 

control group, ensuring the teams with the least amount of game development 

experience were placed into the test group. The test group contained three teams of 

three, while the control group had one team of three, and two teams of four. 

4.2. Study Specifics 

Both the test and control groups were given the same task, same development 

hardware, and provided with the same amount of assistance. The target hardware for the 
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study was the Oculus Go. The Oculus Go is arguably the best standalone VR headset 

available (Brewster, 2019). Combined with a low price point, great functionality, and a 

wide array of support, it was best suited for a large group of users in a small space. 

Additionally, since all the hardware is completely self-contained, it reduced any chance 

for an introduction of hardware-related variables as it pertains to development. 

 All participants worked in the same computer lab at the Texas A&M University 

campus, each with access to an individual desktop computer for the development 

process. Every computer was prepared with the same software, including but not limited 

to: Unity, Visual Studio, MonoDevelop, Blender, Maya, Photoshop, and Audacity. This 

suite of software provided the participants with options to create 2D and 3D art assets, 

an environment to program in, and a software option for audio creation and editing. 

 The study was administered by one instructor, with the aid of two assistants: a 

graduate and undergraduate student from the Visualization department, who were 

selected based on their relevant game development and artistic background. Since game 

development courses are typically multiple weeks to multiple months long, participants 

were provided with a lot of resources, demonstrations, and assistance to help them create 

a game in only one week. In addition, prior research suggested that programming is 

easiest to learn when students are provided with example files and one-on-one 

assistance, something the instructor and assistants were prepared for. Both the test and 

control group received demo files prepared in Unity, demonstrating basic VR 

development principles such as grabbing objects, enabling physics, and playing sounds, 

to help them get started. The test group’s demo files were created using the framework, 
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and the control group’s, without. Additionally, both groups received an introductory 

guide to game development as a resource document. The test group also received the 

documentation for the framework in PDF format.  

To improve the chances of participants developing a complete game in the short 

time limit, a curriculum was delivered, where participants could find information about 

the STEM topic they would be developing for, day-to-day development expectations to 

help keep them on track, and additional resources related to the camp and study. Finally, 

for the first two days of the study, hour-long live demonstrations were given to introduce 

participants to the Unity interface and introduce them to development in Unity with and 

without the framework. Both the test group and control group received the same 

demonstration, altered to fit the groups’ study variable. 

The STEM topic for the participants’ game was kinetic and potential energy 

(KPE). KPE was chosen because it’s a common phenomenon in everyday life, and thus 

would be easy to demonstrate in the limited time. Participants were given a list of 

practical examples, such as: pendulums, ramps, trebuchets, a bow and arrow, 

gravity/space, and springs. In addition, the curriculum contained additional information 

about KPE, and weblinks to web-based games which taught basic concepts of KPE. The 

only requirement given to the students was that their games needed to demonstrate KPE 

and teach the basic concept of KPE to players. Participants were given 30 minutes at the 

end of the study to play each other’s games 

 

 



 

44 

 

4.3. Study Instruments 

Study participants completed a pre-survey at the immediate start of the study, and 

a post-survey immediately following the study. These surveys were designed to gather 

information from the participants regarding their prior game development experience, 

interest in VR, experience with VR, and self-efficacy in related game development 

fields. Surveys contained a combination of short answer, yes/no, 5-point Likert scale, 

and selected survey questions from the Friday Institute’s S-STEM survey (Faber, 

Unfried, Wiebe, Corn, Townsend, & Collins, 2013). 

In the pre-study survey, I wanted to determine how much prior experience the 

participant had with programming, game development, and Unity, in addition to their 

self-efficacy to several development related topics. Additionally, I included eight 

questions from the S-STEM survey to create a baseline for STEM interest.  

In the post-study survey, I assessed enjoyment and difficulty on several game 

development topics, including development, art asset creation, and using Unity. For 

those who had the framework a series of questions were asked regarding its ease of use, 

it’s capability to quickly and easily set-up common game interactions, and whether they 

would use it again for game development. Similar questions were asked for those who 

didn’t have the framework. There were additional questions regarding impact on VR 

interest and interest in game development as a career. Finally, I included the same eight 

STEM interest questions from the pre-survey to compare against the baseline. 
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5. RESULTS AND FINDINGS 

 

5.1. Results 

Study participants were able to successfully complete their games by the end of 

the study. Each of the six teams created simple VR games for the Oculus Go, 

demonstrating KPE, and teaching basic concepts of KPE. Two teams made space-

themed games, two made baseball/softball games, one made a trebuchet game, and 

another made a ramp game. Overall, the participants achieved the task given to them. 

The team that made the trebuchet game – self-named Loshka – achieved the most 

demonstrative result of KPE, both from a showcase and learning standpoint. Screen 

captures from Team Loshka, Team Thanos Did Nothing Wrong, and Team Space Jam 

can be seen in figures 5.1, 5.2, and 5.3 respectively. 

Given the limited time, some teams were able to add additional functionality to 

their games. Team Space Jam managed to add multiple levels to theirs, allowing the 

player to pick and choose which level to they wanted to play on. Team Loshka had a 

scoring system where different targets rewarded different amounts of points if they were 

hit. Team Thanos Did Nothing Wrong created a boundary around their baseball field and 

were able to detect when the player hit foul balls or home runs, resulting in a unique 

sound effect for each. 
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Figure 5.1. Trebuchet game created by Team Loshka. Players raise/lower a weight, 

which is then dropped onto the arm of the trebuchet, launching the ball towards the 

targets. If the player hits a target, a sound plays, and the player earns points. 

 

 

 

Figure 5.2. Baseball game created by Team Thanos Did Nothing Wrong. A pitching 

machine shoots baseballs toward home plate when the trigger button is pressed. The 

player swings a baseball bat, trying to hit home runs. 
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Figure 5.3. Gravitational potential energy game created by Team Space Jam. Players 

used the motion controller to steer a spaceship towards white posts. The trigger button 

could be pressed to fire thrusters, escaping gravitational pull of the planet. 

 

 

5.2. Findings 

20 high school students participated in the study, however, two did not finish 

their post-surveys so their data was removed (N=18). In total, there were 14 Seniors and 

4 Juniors, comprised of 10 males (56%) and 8 females (44%). 8 participants were in the 

test group and 10 were in the control group. 12 participants (67%) had experience using 

some kind of programming application, 5 (28%) had experience in game development, 

and only 1 (6%) had experience using Unity. 

5.2.1. Framework Usability 

Questions regarding framework usability in the post-survey used a mix of 5-point 

Likert Scale questions, where (1) represents “Not at all” and (5) represents “Very 
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Much”, and short answer explanations. Based on the results, the findings indicate that 

participants who used the framework (N=8) found it somewhat easy to use (M=3.50), 

made it quick and easy to set up common game interactions (M=4.00), and would use it 

again to make a game (M=4.00). In comparison, the control group (N=10) found that 

setting up common game interactions were less quick and easy (M=3.20). 

While the quantitative difference in these results are not profound, the qualitative 

responses for both groups more strongly reflect how participants felt with and without 

the framework. 

In the test group, participants expressed positivity for the framework, citing how 

it sped up development, made their game easier to create, established a guideline for 

their game, and provided a resource to lean on to help them with problems. 

• “The framework made it easier to make the game since we had sources to use.” 

(ID: R_21v) 

• “If given the opportunity I would use the framework again as it was a very 

valuable guideline for our game.” (ID: R_30f) 

• “It made the development process much easier.” (ID: R_AoK) 

• “The framework made it easier to move to the more difficult parts of creating the 

game and set examples of how to code.” (ID: R_1nT) 

• “It was a quick and easy way to add actions rather than coding them myself.” 

(ID: R_2WP) 

 

The control group on the other hand felt that programming and lack of experience 

with programming made setting up interactions difficult. Overall, there was a general 

negativity towards programming. 

• “I had to write scripts and was unfamiliar with the stuff” (ID: R_31d) 

• “This was a simple lack of experience with the coding process for Unity and also 

other game engines. It was challenging to learn these as they are something that 

must be accumulated over long periods of time” (ID: R_25H) 
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• “I am not a person that is good with tech or coding, so everything was hard for 

me to figure out in the engine...” (ID: R_Tw8) 

• “...when it came to coding, it was quite difficult considering I had a very small 

amount of knowledge on C sharp” (ID: R_2zS) 

• “Yes, when I was trying to program the sound portion some of the coding was 

really tedious.” (ID: R_3qg) 

• “Difficulties were mainly in finding the documentation for unity and Oculus in 

C# and the demo was not helpful because the commands we needed were so 

different. The events were relatively easy to work with although inputs and object 

motion especially was near impossible.” (ID: R_1il) 

 

 

The qualitative responses combined with the quantitative results suggest that the 

framework made it easier for beginners to create a game because it removed a lot of the 

complexity for those without programming experience. It was cited as quick to use, easy 

to use, resourceful, and a great starting point. If given the opportunity, participants 

expressed that they would use it again for game development. 

5.2.2. Engagement 

Engagement examines the results of two metrics: enjoyment and difficulty. In the 

post-survey, participants were asked how much they enjoyed a task, and how difficult 

they felt the task was. Tasks included: game development, creating art assets, and using 

Unity. 5-point Likert scales were used for each, with (1) representing “Not at all” and (5) 

representing “Very Much” for enjoyment, and (1) representing “Very Difficult” and (5) 

representing “Very Easy” for difficulty. Additionally, each task had a short answer 

section explaining their reasoning.  

Regarding game development, participants thought it was difficult (M=1.94), 

however, they found it to be somewhat enjoyable (M=3.50). Median values reflect this 

rift in difficulty (Med=2.00) and enjoyment (Med=3.50) (Table 5.1). In fact, regarding 
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enjoyment, nine students rated either ‘4’ or ‘5’; in contrast, not a single participant gave 

higher than a ‘3’ in difficulty, with 61% scoring a ‘2’ (Figure 5.4). The qualitative 

responses suggest that students struggled with programming and a lack of background 

experience, regardless, they enjoyed the process. 

• “C# is very hard” (ID: R_2c0) 

• “I never programed so it was difficult.” (ID: R_21v) 

• “All the coding and programming was really hard, and it had to be done 

precisely in order to make the game work well.” (ID: R_3Do) 

• “I had very little gaming experience and working with code which made it very 

difficult to create the game. I was very unsure of what to do but when the 

instructors helped us, creating the game became a lot easier.” (ID: R_1nT) 

• “It wasn’t completely easy because of the amount of coding involved (that I 

didn’t know), but it was still a lot of fun piecing everything together for the 

game.” (ID: R_2zS) 

• “…there was a steep learning curve. The game development process was not 

bad, but it was very difficult for a beginner. However, I did enjoy coming up with 

my own game idea and creating it.” (ID: R_AoK) 
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Figure 5.4. Frequency of scores from participants for game development and their 

enjoyment and difficulty. 

 

 

Engagement with Unity follows a similar pattern. Participants thought Unity was 

difficult to use (M=2.44) but somewhat enjoyable (M=3.17) (Table 5.1). However, 

unlike with game development, frequency of enjoyment scores was closely related to 

frequency of difficulty scores (Figure 5.5). Many participants had positive remarks about 

Unity and felt accomplished when they were able to make something work but felt the 

complexity of Unity and the UI had a steep learning curve and was overwhelming. 

Regardless, most said they might use it again for game development (M=3.56, 

Med=3.00). 
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• “The UI was very confusing in unity.” (ID: R_2c0) 

• “I have never used the Unity system so it was challenging at first. But it was easy 

to learn.” (ID: R_21v) 

• “There are a ton of buttons that ended up confusing me. It was easy to move 

around and scale things though.” (ID: R_Tw8) 

• “It’s not an easy software but I definitely enjoyed using it to create a game of my 

own.” (ID: R_2zS) 

• “It is a horrible complicated interface for somebody who knows how to code but 

who has never seen it before.” (ID: R_1il) 

• “Using unity is difficult because it has so many capabilities and it is not very 

intuitive for beginners. I am glad that I learned more about using unity, but it 

was not an easy process.” (ID: R_AoK) 

• “Unity is a very complex, multilayered game engine. It was fun to explore and 

test all its possible functions. However, it does take time to understand the tools 

needed for the expected outcome of the game.” (ID: R_2WP) 

 

 

 

Figure 5.5. Frequency of scores from participants regarding using Unity and their 

enjoyment and difficulty. 
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Art asset creation varied slightly from game development and Unity, as students 

rated both enjoyment (M=3.61) and difficulty (M=3.11) higher when it came to art 

(Table 5.1). Regardless, enjoyment was still higher than perceived difficulty. In fact, 

many participants (Med=4.00) seemed to think art was enjoyable (Figure 5.6). 

Qualitative responses suggest that participants found art creation more exciting, 

immediately rewarding, and they already enjoyed making art before the study. 

•  “I know how to use fusion 360” (ID: R_2c0) 

• “The art aspect was not too hard. I found it pretty interesting.” (ID: R_21v) 

• “I enjoyed asset creation because I really enjoyed having something to help my 

team during the development of the game and that was my role.” (ID: R_30f) 

• “I enjoyed learning how to create 3d art. Maya is a complex program that is not 

easy to learn without instruction, so I was not able to make complicated 3d 

models. However, it was exciting to make small 3d models that I was previously 

unable to create.” (ID: R_AoK) 

• “Creating the art was not too difficult because I had background in design and 

could figure out how to put designs into our game.” (ID: R_1nT) 

 

 

Table 5.1. Enjoyment and difficulty regarding game development, using Unity, and art 

asset creation. 

 M Med SD 

Enjoyment 
(Game Development) 

3.50 3.50 1.12 

Difficulty 
(Game Development) 

1.94 2.00 0.62 

Enjoyment 
(Using Unity) 

3.17 3.00 1.21 

Difficulty 
(Using Unity) 

2.44 2.50 0.96 

Enjoyment 
(Art Creation) 

3.61 4.00 0.89 

Difficulty 
(Art Creation) 

3.11 3.00 0.81 
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Figure 5.6. Frequency of scores from participants regarding art asset creation and their 

enjoyment and difficulty. 

 

 

5.2.3. Interest in VR and Game Development 

Students expressed a lot of joy in the game development process. I originally 

thought this would lead to increased interest in game development, or at least a game 

development career, as found by similar studies. However, this was not the case. 

In the post-survey, participants were asked two “yes/no/maybe” questions 

regarding their desire to learn more about game development, and their interest in 

pursuing a career in game development. Surprisingly, regarding learning more about 

game development, 28% said yes, 22% no, and 50% maybe (Figure 5.7). More 

unexpected was their interest in a game development career, where 6% said yes, 61% 
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said no, and 33% said maybe (Figure 5.8). This does not reflect what has been found in 

similar studies where others have reported interest between 60 and 100% (Seaborn et al., 

2012). The one participant representing the 6% for yes, answered very positively in 

nearly every question in the post-survey; only game development difficulty scored below 

‘4’, receiving a ‘2’. This lack of interest in game development could have contributed to 

the decrease in technology career interests in the following section. 

 While interest in game development declined, interest in VR pre-survey 

(M=3.50) was up slightly in the post-survey (M=3.61). Furthermore, an increase in 

median values from pre (Med=3.50) to post (Med=4.00) further suggests that students 

were more positively impacted after creating a VR game. Why this did not translate to 

game development interest, I am quite unsure. 
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Figure 5.7. Interest in learning more about game development 

 

 

 

Figure 5.8. Interest in pursuing a career in game development. 
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5.2.4. STEM Interest 

STEM interest questions were identical in the pre and post-surveys and based on 

the S-STEM survey (Faber et al., 2013). Eight questions from their standards were 

chosen and used in the study. These eight questions were divided into two types of 

questions: “I plan to use [STEM topic] in my future career.”, and, “I am interested in 

careers that use [STEM topic]”. Two each for science, technology, engineering, and 

math. Responses used a 5-point Likert scale (1 = Strongly Disagree, 5 = Strongly 

Agree). 

While interest remained high, the findings show that interest in STEM careers 

declined in every STEM topic, between the pre and post survey (Figure 5.9). 

Engineering and Science only saw slight declines (d=-0.21 and d=-0.22 respectively), 

while Math saw a slightly larger decline (d=-0.38), and Technology saw a significant 

decline in interest (d=-0.51) (Table 5.2). This was unexpected and does not fit within 

findings from other studies. Even when presented with a complex development 

environment, at least one STEM topic saw an increase in interest in (Leonard et al., 

2016). The median value for the means of all 8 STEM questions is higher in the pre-

survey (Med=4.75), while it lower in the post-survey (Med=4.25), suggesting an 

increase in the frequency of lower valued scores compared to the pre-survey.  
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Figure 5.9. STEM career interest pre and post survey. 
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Table 5.2. STEM career interests pre to post survey. 

STEM Interest  
Pre-Survey 

M 

Post-Survey 

M 

 

d 

I plan to use science in my 

career. 
4.33 4.22 -0.11 

I am interested in a science 

career. 
4.28 4.17 -0.11 

I plan to use math in my 

career. 
4.50 4.28 -0.22 

I am interested in a math 

career. 
4.33 4.17 -0.16 

I plan to use technology in 

my career. 
4.33 4.11 -0.22 

I am interested in a 

technology career. 
4.22 3.83 -0.39 

I plan to use engineering in 

my career. 
4.44 4.28 -0.16 

I am interested in an 

engineering career. 
4.44 4.39 -0.05 

 

 

5.2.5. Self-Efficacy 

Self-efficacy is the belief that one can successfully perform specific tasks 

(Bandura, 1977). While I did not aim to measure self-efficacy in detail with this study, 

students expressed immense satisfaction with their completed games (M=4.28) relative 

to their low game development self-efficacy scores in the pre-survey (M=2.72), 

demonstrating improved self-efficacy with game development. I felt it was important to 

include these findings, as qualitative findings from others support the notion that 

constructionist learning with game development has a positive impact on self-efficacy 

(Kafai, 1994; Rajaravivarma, 2005). The qualitative responses from participants in my 
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study mention how much fun they had making their games, playing their games, and 

how the topic their games were built around were topics they cared about. 

• “It turned out 10x better than I expected and I’m glad it turned out the way it 

did” (ID: R_2zS) 

• “I think it was satisfying to complete my first game and have it actually work. 

The game exceeded the expectations I had for it in the beginning and I am glad 

we were able to finish it before the deadline.” (ID: R_AoK) 

• “I liked it but it could have been better. We could have added better sound 

effects” (ID: R_2Wx) 

• “It was pretty functional and fun to play even though it wasn’t perfect.” (ID: 

R_24p) 

• “It was the most effective game for teaching purposes but lacked high quality 

graphics or uber clear instructions.” (ID: R_25H) 

• “I really liked our game because it was cool to play knowing that we designed it 

and helped create it.” (ID: R_1nT) 

• “I enjoy playing baseball, and it related to my real life interests. It also was 

enjoyable to play because the skill level was set just right to where it was 

difficult, but not too difficult to hit a home run” (ID: R_Tw8) 

 

In addition to improved self-efficacy in game development the art creation 

process also saw a slight improvement (d=0.11). Although this slight increase may be of 

no statistical significance, I feel it is worth sharing. 
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6. DISCUSSION 

 

I was interested in studying whether the platform agnostic framework described 

in this paper was an effective tool at making VR development accessible, and whether 

this accessibility had a positive impact on students’ interest in STEM careers. The 

findings showed several results. 

 Overall, the framework was successful in making development quick and easy 

for beginners. Participants lauded its ease of use, capability to create quick interactions, 

and its helpfulness as a starting point or base with which to build from. The drag-and-

drop toolkit provided with the framework exemplified the ease-of-use design pillar, but 

the framework’s abstraction and organization and documentation pillars were 

unremarkable. I suspect this was a result of limited time, and targeting only one VR 

platform, which didn’t allow participants the opportunity to fully utilize and understand 

the potential of the VR framework. 

The findings indicate as well that participants very clearly enjoyed all aspects of 

development, but found the process to be very difficult, and do not really care to learn 

more about or pursue a career in game development. Lack of coding experience and 

complexity of Unity were the primary complaints when it came to difficulty. In the pre-

survey, technology was the least interesting STEM field for students; perhaps the 

hardware aspect of VR in combination with the already decreased interest in technology 

exacerbated the difficulty of game development on their interest in game development 

careers. It could also be conceived that the participants did not use the resources 
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provided to them, whether from a lack of time or the overwhelming task of completing a 

game keeping them occupied. Prior studies had shown that students are more motivated 

to learn programming when they have practical examples and one-on-one assistance. 

Assistance was provided constantly throughout the study; however, students were 

audibly frustrated at times and under stress to complete a game by the end of the study. 

Unexpectedly, STEM interest dropped between pre and post-survey across all 

categories. This does not fit within findings from other studies, however, I believe there 

are four possible explanations for this finding. 

First, while many participants expressed enjoyment in the development process 

and increased interest in VR, all enjoyment scores were higher (M=3.43) than difficulty 

scores (M=2.50). On any instrument where there was an enjoyment and difficulty 

section, using the 5-point Likert scale (1 = very difficult, 5 = very easy), difficulty 

always rated lower than enjoyment. This is backed up by the short answers from 

participants who nearly all commented on the difficulty of using Unity, programming, 

and the complexities of making a game. Additionally, high perceived difficulty could be 

an explanation for the significant decrease in technology as a STEM career. Leonard et 

al. (2016) reported similar findings where their usage of a complex development 

program and non-intuitive software had a negative impact on technology, engineering, 

and math interest, while science only saw a marginal increase. 

Second, when asked what kind of career participants wanted to have, engineering 

appeared in 78% of responses, followed by science with 28%. Technology and math 

came in at 6% and 0% respectively. I believe STEM interest in engineering (d=-0.21) 
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and science (d=-0.22) saw the smallest impact, pre to post-survey because of the already 

large number of students who envisioned a future engineering or science career. 

Third, one of the participants seemed to have a severely negative impact from the 

study. In the pre-survey, the participant was somewhat interested in STEM careers 

(M=3.63). In the post-survey this had declined significantly (M=2.13). In all four science 

and math questions pre-survey, the participant answered either Strongly Agree (5) or 

Agree (4), whereas in the post-survey they answered all four questions with Strongly 

Disagree (1), indicating a clearly negative impact in interest in science and math. The 

only STEM topic this participant reported the same on in both surveys was engineering 

(Agree-(4)). 

Finally, it could simply be the result of a small sample size. Similar studies 

typically have more students, and few have less. Additional data evaluations would have 

to be made to determine whether the sample size played a role in the declined interest. 

6.1. A Paradox Emerges 

The framework had a positive impact on those who used it, compared to those 

who did not, however, a paradox was found when the test group’s responses were 

singled out from the rest of the population in other measurements. 

In every single quantitative measurement in the post-survey, relative to the 

population, the test group scored lower in enjoyment, showed increased difficulty with 

tasks, were less interested in learning more about game development or careers in game 

development, were less interested in VR, and were less happy with their games (Figure 

6.1). However, the test group did show increased interest in all STEM fields except for 
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engineering, relative to the whole population, suggesting that although there was a 

decrease in interest, those who used the framework were less impacted. Additionally, 

quantitative reports on happiness with their game did increase compared to the pre-

survey, just not as positively impacted as the whole population. This suggests that 

framework users saw an improvement in game development self-efficacy, alongside the 

control group. 

As for the wide-spread decline in other quantitative measurements, I suspect this 

could be a result of small sample size. Once the unusable data was discarded, the test 

group stood at eight participants and the control group at 10. This wide-spread decline 

was certainly not expected. 

 

 

Figure 6.1. Test group v. population on all enjoyment and difficulty metrics. 
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6.2. Limitations 

There were several limitations surrounding this study that could explain some of 

the findings. 

Many participants had no prior programming background. I specifically targeted 

students with no prior experience for the sake of testing my framework’s capabilities, 

but the lack of programming experience, regardless of whether they were in the test or 

control group, proved to be a challenge. 

The study was also limited by time. The week-long STEM summer camp was a 

great opportunity for students to learn about STEM topics and get hands-on experience, 

but the study was limited to the time slot available for us. Participants had four hours 

each day for five days to work on their games, but time was typically lost at the 

beginning and end of a class. Once participants had made it to the study location, there 

was usually a 10 to 20-minute delay as students logged in and recuperated from their 

previous activities. Additionally, by the end of the study, participants were both 

physically and mentally exhausted, as the study’s time slot was the last in a long day of 

activities. 

Finally, the sample size could have limited the ability to generate more accurate 

results. The original number of students for the study was 22; on the first day of the 

study this had decreased to 20, and by the end, usable data was down to 18. A larger 

sample size could eliminate the paradox that occurred with the framework users or show 

an increase in STEM interest rather than a decrease. 
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6.3. Context 

Regarding the overall results of the study, participants were introduced to game 

development and programming in an environment that may differ from their past 

experiences.  

67% of participants had prior programming experience, but those experiences 

had been with simple, visually-based applications such as Scratch and Code.org. These 

applications are great for learning concepts and semantics, but do not translate to 

actually writing code and understanding syntax. To try and bridge this gap, participants 

had access to example scenes and scripts used to demonstrate game functionality such as 

interactions, object physics, creating a scoring system, and playing sounds. In addition, 

participants received assistance and were guided through complex problems one-on-one. 

The instructor and assistants were able to provide personal assistance to the participants 

more efficiently than they would receive in a traditional classroom. This had a positive 

impact on participant’s enjoyment with game development and led to improved self-

efficacy with game development. 

Regarding art asset creation, participants with prior art experience mainly had 

experience using industrial or architectural modeling software. Creating 3D models for 

games is an entirely different process, where artists need to consider visual quality, 

model complexity, and in-game performance. Participants received one-on-one support 

from the instructor and the assistants with art-related tasks, in addition to a 26-page 

game development guide, roughly half of which covers creating art for games. 

Additionally, it was recommended to download free 3D models from the internet if 
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participants were having troubling creating their own art. This is common practice in 

game development as it can be more time efficient in some cases. Given the relatively 

short timeline for this study, participants not only enjoyed creating art for their game, but 

felt accomplished and motivated when they completed a task. With the aid of the 

instructor and assistants, participants quickly learned how to make 3D models, apply 

colors and materials, and manipulate their positions in the GE. I believe the assistance 

and combined years of experience had a positive impact on this effort. 

Using Unity was a major pain-point for many participants. 28% of participants 

had some game development experience, none of which had used Unity before. 

Considering the large number of participants who did not have game development 

experience, and even more who had not used Unity, I decided to provide them with 

numerous resources and live demonstrations. Participants had the instructor and 

assistants for help, multiple Unity resources, and a couple of live demonstrations to aid 

them. While many students expressed difficulty both quantitatively and qualitatively, 

overall, they expressed positivity for using Unity, and would even use it again to make a 

game. Some participants commented that the study helped them realize how complex 

making a game is, and how necessary and valuable it is to know how to use Unity. 

Regardless of the assistance, resources, and positivity, interest in game development 

post-study was extremely low. This could have been influenced by the complexity and 

difficulty of Unity, especially for beginners, overshadowing any enjoyment participants 

might have had. 
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7. CONCLUSION 

 

This paper presents a platform-agnostic VR framework, designed to make VR 

development more accessible. In this study, high school students spent a week 

developing a VR game for the Oculus Go, both with and without the framework. A 

positive relationship was found with the framework and its ease of use and desirability 

as a tool for game development. The study explored the capabilities of game 

development to improve learning and generate interest in STEM careers. Research 

suggests that game development as a constructionist learning approach can improve 

learning, increase motivation, and create interest for STEM careers, however, I did not 

find these to all be true in the study. Participants did experience improved learning with 

game development and enjoyed the process, but they were not motivated to learn more 

about game development, and interest in STEM careers actually declined. These findings 

could be a result of limited time and small sample size. 

The implications of the framework and this research go beyond the study. The 

framework was successful in making VR development more accessible for a group of 

students with no prior game development experience. This framework could be used in 

classrooms, camps, and as seen in the case study, even by businesses and professionals 

to make VR development more accessible.  

With some of the available low-cost VR platforms, educators could integrate 

usage of the framework into their classrooms to stimulate learning and creativity among 

students while increasing engagement for otherwise mundane subjects. School systems 
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in underprivileged or underrepresented areas would be capable of designing technology 

curriculums around the framework and VR, developing an early interest in STEM 

careers among young children who may never be exposed to STEM fields, thereby 

engaging a wider audience. Businesses could use the framework to develop portable 

applications which can be taken across borders, extending their services, research, and 

aid to those who may not have any. Health centers could utilize high-end platforms for 

precision surgical training, and with the framework, deploy on a portable platform for 

demonstration at trade shows or local clinics. 

The framework presented in this paper provides beginners and professionals 

alike with an easy-to-use platform-agnostic solution to VR development, capable of 

making VR game development more accessible, and improving users’ engagement in the 

process. 
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