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Introduction and Background: 
 

This project is an extension of prior work from ID class ( ID 3510/8900 INT - Special 
problems;  Spring 2017/ Instructors: Clement Zheng; James Hallam; Yaling Liu; /Students: 
Miroslav Malesevic, Kim Pham) that was focused on designing the new type of game 
controller that centers body motion as a mean to control the game. And creating the 
game that supports the controller. Type of games that use this type of interaction is also 
known as Exertion Games. Examples of exergames are Nintendo Wii, Nintendo switch, 
Microsoft Kinect, etc. 

The game design was focused around controlling the vertical movement of Hot Air 
Balloon in order to avoid incoming obstacles for x-amount of time. A game is similar to 
“Flappy Bird”. The solution for the controller consists of a Bicycle pump and a balloon 
with a custom pressure sensor, attached to the pump ( Fig. 01, 02 ). When the interactor 
pumps and inflate the balloon, the pressure sensor sends the values via Arduino to the 
game and in return, it propels the Hot Air Balloon upwards. Similarly, when the physical 
balloon deflates, through the opening in the valve,  the Hot Air Balloon descends.  

 
 

 
 
( Fig. 01. shows schematics of the 
controller. The analog pressure sensor 
made of velostat was “sandwiched” 
between 2 balloons. Sensor was 
processed with Arduino controller and 
connected to the game created in 
Processing) 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 



 
( Fig 02. Shows the controller and the game ) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
After demoing the game the results of the observation of interaction with the 

controller concluded that the physical interaction with the controller itself created a 
higher level of exertive interaction which positively impacted interactor’s experience 
with the game, especially in young children (ages 6-7). 
 

This finding led to the hypothesis that the “Physical interaction with the 
environment, in a Reality, will increase the sense of presence in Virtual Reality”. 
 

This idea was carried further to the Prof. Janet Murray’s studio (DM Studio 6650 - 
Janet Murray / The Pen Lab / Fall 2017 / Team members: Miro Malesevic, Elizabeth Hill, 
Joshua Crisp, Kamryn Harris) to further develop the narrative for the interaction with the 
custom controller and mapped environment. 
 
The goals for the project were: 

-  to create the narrative for an immersive experience in VR to support the 
limitations of custom controller. Currently, the interaction with the 
controller allows for vertical movement only, In order to create an 
immersive experience the actions and limitations have to be supported by 
the narrative. If the actions don’t match the narrative the immersion could 
not be sustained. 

- To create an immersive 3D environment and map the look, the feel, and the 
position of Real-world environment with the Virtual.  ( See Fig. 03, 04 )   



- To match closely the interaction with physical controller and interaction in 
VR 

   After a few iterations with the narrative, we conducted user testing and gather 
user feedback on general satisfaction with the experience, and interaction with the 
controller. 

 
We choose the Steampunk genre as a base for our story since its very forgiving, 

similar to Sci-Fi, in terms of justifying the environment, interaction, and the narrative. It 
made it easier to justify the limitations of the custom controller. So the narrative was 
practically built around the controller and interaction with the controller. The story takes 
place in “MountainTown” where you are the inventor and together with your robot helper 
are going to compete in annual steampunk Hot Air Balloon Race. But in the last minute 
your vehicle got sabotaged and you have no longer the ability to steer the vehicle left or 
right. You can now only control its vertical movement, and you are rapidly losing the 
pressure, so frequent pumping is needed to keep the vehicle in the air while going over 
the tall mountain and avoiding the treacherous clouds. ( See Fig 07, 08, 09, 10 ) 

 
( Fig 07. artwork design by Kamryn 
Harris) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



( Fig 08, 09, 10 show game design) 



Results of user testing came as overwhelmingly positive in terms of game 
experience, realism, and interaction. Observations show that most users interacted 
differently with the controller. For some, the interaction was too easy which in terms of 
user experience had a negative effect while many users reported that the level of exertion 
was a bit too much which also negatively affected their experience. Nonetheless, 8 out of 
10 agreed that the physics of the controller made the experience more real. 

Although the level of effort needed to pump was a constant, the level of exertion 
was not the same for everyone. Furthermore, the level of exertion did not affect the 
experience in an absolute way but depended as a personal preference and motivation to 
play.  

From here I wanted to explore more the emerging questions of the effects of the 
exertive interaction on immersion in VR. 

 
 
 

  
( Fig. 03, 04 showing mapped environment ) 
 

 
 

(Fig. 05 shows system schematics) 
 
 
 
 
 
 
 
 
 
 



Pivoting on problem space 

Literature review and definitions 

About immersion and sense of presence 
 

“In a Virtual Environment (VE), Immersion, defined in technical terms, is 
capable of producing a sensation of Presence, the sensation of being there (part of 
the VE), as regards the user (Ijsselsteijn & Riva, 2003). Presence is indeed, 
historically, at the core of Virtual Reality (VR). Presence has often be conceived as a 
sign of "ecological validity" of VR devices, also as a sign of potential positive transfer 
of skills or knowledge learned in a VE to the real world.” (Immersion and Presence, 
Daniel R Mestre) 

 
 Immersion in VR is partially provided by the technology itself. It allows the user 

to see the Virtual environment in its true 3D space assuming that the 3D environment is 
done properly. It allows the user to observe objects from multiple angles and moves 
through space. This sensation on the basic level can be referred to as being in virtual 
space. But there is a deeper level of immersion that we referred to as a Sense of Presence 
or “being in Place vs being in Space” and is an Ecosystem between the narrative, 
environment, and interaction. 

 
Some defined immersion through research,  finding that immersion has following 

features: “Lack of awareness of time, loss of awareness of the real world, involvement and 
a sense of being in the task environment.” - Measuring and defining the experience of 
immersion in games (Charlene Jennetta, Anna L. Coxa,, Paul Cairns, Samira Dhoparee, 
Andrew Epps,Tim Tijs, Alison Walton ) 

 
In her book “Hamlet on the Holodeck”, Prof. Janet Murray described this sensation 

as   “Immersion is a metaphorical term derived from the physical experience of being 
submerged in water. We seek the same feeling from a psychologically immersive 
experience that we do from a plunge in the ocean or swimming pool: the sensation of 
being surrounded by a completely other reality, as different as water is from air, that 
takes over all of our attention, our whole perceptual apparatus.”   

 
 
 



“The VR Space” becomes “The Place” when we replace the sensations of this 
Reality with the corresponding sensations in Virtual reality and when the interactor 
becomes the part of the environment via Agency. 
 
 Upon entering Virtual space the interactor: 
 

1. Observes the environment. 
2. Tries to identify himself within the environment. 
3. Wants to interact with the environment 

 
Step 3, when the interactor tries to interact with the environment, is the crucial point for 
the Sense of Presence. If the interaction is natural and meets the interactors 
expectations, the Sense of presence is more likely to happen. On the contrary, if the 
interaction is non-existing, hard to achieve, or feels unnatural the Sense of presence will 
not be achieved and the sensation of immersion stays on its lowest level as provided by 
technology, an immersive Space. The interaction with the environment currently 
happens via Universal controllers. 
 

About exertion games 
 

There are a few definition of exergames and exertive interaction mentioned in the 
paper “Exertion games” by [ Florian ‘Floyd’ Mueller Exertion Games Lab, RMIT , Rohit Ashok Khot 
Exertion Games Lab, RMIT University, Kathrin Gerling University of Lincoln, UK, Regan Mandryk University 
of Saskatchewan, Canada]  

“Advances in human–computer interaction (HCI) technologies have led to 
emerging computer systems that place the users’ bodily actions at the center of the 
experience, fostering physical exertion as part of the interaction. These “exertion” 
interactions are interactions with technology that require physical effort from the user 
[Mueller et al., 2003], in contrast to the hitherto prevalent interactions with computers 
that require only minimal physical effort, such as mouse and keyboard or gamepad 
interactions. 

Games that foster players physical movement that is generally more than sedentary and 
includes strength    [Oh and Young 2010]; 

Bogost defines exertion games as “games that combine play and exercise”, “that use                         
physical input devices” [2005] when talking about the Wii, possibly not considering                       
camera-based input devices such as the Kinect.” 

 

 



Problem Space: 
Universal controllers are hard to use 
 

Although the Universal controllers such as VIVE and Oculus Rift are great step 
moving away from the use of keyboard and mouse as a mean of interactions in VR, they 
are far from being perfect.  In most applications and games they are not mapped properly 
which means that the shape, the size, the look doesn’t match the diegetic object. ( 
e.g.interactor is holding VIVE controllers which resembles the closest to the handle of 
the gun in a Reality but in VR he may be interacting with something completely different 
such as a piece of complex machinery, buttons, a ball, etc.  ). They are too complex in 
terms of buttons and unfamiliar button mapping. As such the universal controllers are 
hard to use and often don't meet the expectation so ultimately they break the immersion.  
 
 
 
 
 

 
( Fig. 06, Vive and Oculus Rift Controllers ) 

 
 
 

 

 

 
 
 
 



Competitive Analysis 
 
At the time of starting this study, there was nothing commercially available on the 
market in terms of active haptic feedback. Custom controllers are made per case and not 
publicly available.  
 

User Group 
 
Since the project is about testing deeper levels of immersion, I defined my user group to 
be VR users who seek immersive experiences and the sense of presence. This is a rather 
wider range of categories that span from gaming, storytelling in VR, simulators in VR, 
emerging media in VR such as plays or movies, art installation, etc. Ideally, users would 
enjoy playing exertion games. However, this project is focused more on understanding 
how exertive interaction impacts all use cases so I didn’t exclude non-exertive 
interactors but rather documented users preferences and previous experiences with 
exergames and included it in interview questions. 
 
This group is different from VR users who use immersive technology for a lower level of 
immersion such as for visualization, VR tours, etc. Although it is not excluded that users 
who use VR for Viz (such as engineering, architectural visualization, product design) or 
tutorials are not seeking deeper immersive states such as a sense of presence.  
 

Observation and Initial interview  
 
To understand better my users and to find their pain points I resorted to Observation and 
Semi-structured Interview. The observation was done on over 20 participants who were 
testing various game designs. Most of the users have similar difficulties when using 
controllers in VR space. Novice users have a difficult time grasping the idea of 360° space 
and the fact that they can see their hands/controllers. Usually, they hold their hands 
lowered in a relaxed position which is outside of the field of view. They need either 
instructions in VR space, often in the shape of a character, or a person in a Reality to help 
facilitate interaction. Once users understand that they are able to see their hands, they 
start to examine controllers, button position and functions. If the controller does not 
match the diegetic object, the user has a difficult time predicting the outcome of the 



interactions as well as placing themselves into the environment, which ultimately affects 
their sense of presence. 
 
Besides the observed interaction, I conducted a Semi-structured interview with 5 
participants from the user group. 
 
Semi-structured interview questions 
 

1. Do you play video games? 
2. Which console/mobile? 
3. Do you like games that involve body motion? 
4. Have you used the Wii? 
5. Are you familiar with exertion games? 
6. Overall experience with motion centered games? 
7. Was it tiring? 
8. Did you feel more immersed when it was hard? 
9. If yes - what was your overall experience with the controller? 
10. Do you play games in VR? 
11. Have you ever used any of the VR devices such as Oculus rift or Vive? 
12. What is your overall experience with the controllers? 
13. Was it easy to understand the button layout? 
14. Were there any difficulties with using a controller? 
15. Was controller properly mapped to the game? 
16. Did the controller provide enough affordances? 
17. Did the controller do what you expected? 
18. Did the Game/controller offer feedback? 
19. Where there any limitations - something you wanted to do but you couldn’t? 
20. What would you like the controller to feel like?  
21. Is there anything you would like to change on the controller? 

 
 
Summary of the results of the interview: 
 
Most of the users said similar things across the board: 
 

- I want my hands free when inside the VR 
- I want more feedback than just vibration 
- I want a proper mapping 
- I want to interact with the object not controller 
- Vibration on buttons don’t match the real life 
- I want a full range of motion not just buttons  



Design 
 
Since the design was already done in Prof. Janet Murray’s PenLab Studio I use it for my 
starting point. My team and I did user testing on our game at the end of the semester, so I 
was able to look at the data and understand what work and what didn’t. 
 
Things that worked - Emphasise and enhance 
 
Controller: 

- Physics and physical feedback made it more real 
- Matches the interaction 
- Matches the position in space  (Real vs VR,  see Fig. 03, 04) 
- Matches the look and the feel 
- Movement of the vehicle matched the interaction with the controller  

 
 
Game: 

- Users liked the environment 
- Understood the narrative 
- Sound clues 

 
 
 
Things that didn’t work - Remove/replace, fix 
 
Controller: 

- Too tiring 
- No ways to control the direction 
- No ways to control the speed of the vehicle 
- Wants more control over landing 
- Wants movement of the pump in a Reality to be mapped to movement in VR 

 
Game: 

- Robot/helper was confusing 
- Instruction didn’t work for everyone - too confusing 
- Wants the system status in general time/movement/height 
- Wants better understanding of motivation and goal 
- Wants UI 
- Wants better understanding of obstacles 
- Wants enhanced environment 



Re-design: 
 
Originally the game was developed for Oculus Rift, but this time I decided to use HTC 
VIVE. Changes on the design were applied on both narrative and the controller. Elements 
of the narrative which were underdeveloped and not crucial for the gameplay were 
removed. The narrative was brought back to the baseline and had to be redeveloped.  

 
For quick iterations on the story (Expert review),  I used feedback from a small 

pool of user tester from my user group, to help me flush out the ideas.  
 
The storyline didn’t change much but I had to make sure that by using the 

narrative every aspect of the interaction is explained. Interactors expect the interaction 
to mimic this reality or to make sense by following the set of rules. These set of rules are 
brought in VR by interactor’s mental model, or defined by the narrative. Otherwise, the 
interactor will feel out of place. For example, If the interactor finds himself inside the 
realistic 3D environment and begins to investigate interaction within, as long as the 
interaction makes sense, interactor is able to identify himself within. But let say that 
interactor is able to walk through the wall. The whole image of being in place breaks 
apart because the rules we expect to happen did not happen. In a Reality we can not walk 
through the walls so we didn’t expect it in VR either. Unless the narrative, put us in a 
character of a “ghost” let say. This changes the expected set of rules, in which walking 
through the wall is justified by the narrative. Understanding this rule, the interactor can 
identify himself as a part of the environment. 

 
Changes on the controller are also implemented in terms of simplification. The 

prior version had 2 pedals that allow users to turn left/right, but it has not been backed up 
with the narrative in a new version, so it had to be removed.  I wanted to have gameplay 
as simple as possible so that the user can focus only on exertive interaction, to eliminate 
possible complications with other elements of the game or controller. 

 
Once I was satisfied with the design I needed to validate it through the Heuristic 

evaluation before I proceed with user testing. 
 
 



Expert Evaluation 

Heuristic evaluation 
 
For the Heuristic evaluation, since there is nothing available off the shelf, I created the 
set of my own heuristics. As a general guideline, I used Nielsen Norman’s Usability 
Heuristics even though they are made for testing heuristics of  User Interfaces. 
 

1. Visibility of system status 
2. Match between system and the real world 
3. User control and freedom 
4. Consistency and standard 
5. Error prevention 
6. Recognition rather than recall 
7. Flexibility and efficiency of use 
8. Aesthetic and minimalist design 
9. Help users recognize, diagnose, and recover from errors 
10. Help and documentation 

 
 I also used the data from the last user testing (Done in PenLab)  and cross-checked with 
the usability heuristics. I noticed a lot of overlaps from user feedback and realized that 
most of them fall into one of the 10 categories of usability heuristics. For examples:  

- users wanted more control over the gameplay/vehicle (user control and freedom) 
- users needed to know how far in the game they are so far (visibility of the system 

status) 
- Indication of the position in the sky (visibility of the system status) 
- Wants control over landing (this could fall into both categories of error 

preventions or user control and freedom) 
- Wants movement of the pump in a Reality to be mapped to movement in VR 

(Match between system and the real world) 
- etc. 

 
The final questionnaire consist of 5 categories: 
 

1. Controller  
2. Position and movement  
3. UI elements 
4. Goal of the game 
5. Sound and environment 

 



Heuristic Evaluation 
 

 
Controller 

1. The controller matches the interaction 

 
2. The position of the controller matches the relative position in the game

 
3. The controller provides affordances 

 
4. The controller is easy to understand 

 
5. The controller is easy to use 

 
 

Position and movement 
6. Player understands well its position in 3D space 

 
7. Movement is smooth and doesn’t cause discomfort 

 
 

UI elements 
8. 3D Interface clearly communicates narrative?  

 
 

9. 3D Interface elements are clearly visible at all time during the interaction 

 
10. 3D Interface elements are understandable in terms of time 



11. 3D Interface elements are understandable in terms of  the goal

 
 

Goal 
12. The goal of the game is clear?  

 
13. There is enough motivation to achieve a goal? 

 
 
Sound and environment 

14. Player understands the environment 

 
15. Environment matches the narrative 

 
16. Player understands well sound cues 

 
17. Sound matches narrative 

 
18. Sound matches the environment 

 
 
 

Cognitive walkthrough 
 
User experts are also asked to talk aloud and make comments 
 
 
 



User expert results 

Quantitative results 
 
 

Question  Average 

   

Q1  4.5 

Q2  5 

Q3  4 

Q4  4.75 

Q5  4.25 

Q6  5 

Q7  4.25 

Q8  3.5 

Q9  4.25 

Q10  4.75 

Q11  4.75 

Q12  4.75 

Q13  4.75 

Q14  4.75 

Q15  4.5 

Q16  3.75 

Q17  4.25 

Q18  4.75 

 
 



Qualitative results 
 

- Give user control over speed 
- Add sound for the speed as a feedback 
- Add system status - 3D UI elements  
- Add more 3D props for the environment 
- Give user more motivation to reach the goal 
- Add different obstacles (birds) other than clouds 
- Add storyboard to get user familiar with the story and the environment  
- Add villain to the story and animate 
- Calibrate the sensor to make pumping little easier 

 
 

Iteration on Design 

Iteration on the controller 
 

For the iterations on the design I used results from Heuristic evaluation and 
previous user testing to compare and check if all the design flaws are covered. 
Both Expert users and users found 3 main issues with the controller: 

1. Inability to control the speed of the vehicle  
2. Users complained about the level of effort need to pump 
3. Mapping the movement of the 3D pump to the movement of the physical pump  

 
To fix the problems with the level of effort I needed to create the valve. Valve was 

3D printed but did not provide enough level of control over air release. Air release was 
controlled via series of small holes which could be opened or closed with 3D printer ring. 
Unfortunately, this valve needs more iterations and higher fidelity to be able to control 
multiple levels of effort. So for now I just used single level, significantly lower from the 
one used in last user testing. 

 
For the mapping of the movement I used the VIVE tracker and attach it to the 

pump via 3D printed bracket. Tracker was connected to the 3D pump and accurately 
matched the motion of the physical pump. Attaching tracker to the pump now allow for 
additional programming of the controller inside the game engine to control the speed of 
the vehicle. Interactor can push the pump forward to speed up the vehicle or to pull back 
to slow it down or to stop it. Controlling the speed of the vehicle ultimately allow 
interactors to gain more control over the game in general. 



The forward/backward movement of the pump was inspired by the observation of 
user interactions. The pump itself provides very strong  affordances of the bicycle 
handlebars. It made users, during the user testing, turn left, right and push and pull 
without any effect at the time, which caused frustration and disappointment since the 
controller didn’t respond to the actions. In this case, the affordances overpowered the 
justification provided by the narrative.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Fig.07, 08, show controller before and after adding vive tracker) 
 

Other improvements: 
 

Some other improvements are made aside from heuristic evaluation and user 
testing. Controlling unit was switched from Arduino Uno to Arduino Feather to reduce 
the size of the housing and allow housing to be attached to the pump for greater 
portability.  

 
 

 

 
 
 
 



(Fig. 09, 10 showing improvements on portability of the controller by switching from Arduino Uno to Arduino Feather 
with 3D print of the much smaller housing attachable to the controller) 

Iteration on game design 
 

Iteration on the game design was much more extensive. It included changes and 
additions in many areas which covered: 
 

- UI elements 
If the ultimate goal is to provide interactor with the sense of presence we need to 
make sure that all of the elements are working together in creating one cohesive 
experience. UI elements were needed to be added to provide interactors with 
information on the status in the game such as: how far in the game they are, how 
much time is left, etc. In standard 2D, 3D games UI is built in as a screen overlay. In 
the VR environment this is not recommended except in cases where it make sense 
as the story requires. Overlaying UI elements on the HMD can induce nausea or 
create annoying experience. In my case the narrative did not support overlaying 
information on HMD so the UI had to be built in as a 3D object. 3D object 
representing the timer was backed up by the narrative as well. It is a cylinder with 
the leaking steam that shows how much time has left before the game is over and 
in the same time it justifies the pumping and builds the anxiety needed for the 
motivation to reach the goal. (See Fig. 09) 

 
 
 
 
 
 
 
 
 

(Fig.11 showing 3D UI element) 
 

 
 

   



- Improvements on the environment in terms of 3D models 
Some users suggested adding more 3D props to the environment (see Fig. 12) 
 

 
 
 
 
 
 
 
 
 

(Fig.12 shows added 3D props to the environment) 
 
 

- Sound clues  
Beside the existing environment sound I added the engine sound and connect it to 
the controller forward/backward movement. Forward/backward movement speeds 
up/slows down the vehicle and changes the pitch of the engine sound. This gives 
interactor status on the speed (as requested by many users) since it’s hard to 
understand forward moving when in the air. There were not many reference 
points to understand forward movement. 
 

- Animation of the villain 
Integration of the villain into the story required 3D model with animation to be 
added. It also adds the realism to the game and motivates user to reach the goal. 
 



(Fig. 13 showing added animation on the villain) 
 

- Improvements on the obstacles 
The main idea behind the obstacles is to make interactors alter between pumping 
and not pumping. I wanted to create a dynamic experience and bring the rhythm 
to the gameplay forcing the player into exertive interaction or reducing it while 
creating more anxiety to the gameplay. Many users didn’t understand why they 
should avoid the clouds even though they look like they are carrying stormy 
weather. So I added 3D animated models of really big eagles flying in great 
numbers over the mountain in the direct path of the Hot Air Balloon. This idea 
came from a few user testers. They associated birds with the danger of the 
puncturing the Balloon as similar to the danger of birds to the aircraft. In the 
gameplay, interactor needs to avoid the birds or they will puncture the balloon in 
which case the vehicle will start descending exponentially faster with every 
collision with birds.  

 
 
 
 
 
 
 
 
 
 



(Fig. 14 shows added birds as obstacles) 
 

- Sensor calibration 
Pressure sensor was made out of the velostat and placed in between 2 balloons. 
Sensor was damaged during transportation or extensive use so it was replaced 
with improved version and worked much better by providing the wider range of 
data. Wider range of data allows for more control over adjusting the level of effort 
needed to lift the vehicle of the ground.  

 

User testing 
 

The original idea of testing a few different levels of exertion did not work due to 
the low fidelity of the air release valve. So I decide to do A/B test with the custom 
controller against universal controller with the assumption that universal controller has 
a very low level of exertion. 
 
User testing consisted out 9 steps: 

1. Intro questions 
Intro questions were designed to collect the data about demographics and 
previous experiences with exergames (such as Wii, Microsoft Kinect, Nintendo 
Switch,  VR exergames, etc).  



2. Storyboard 
The game is designed to put the interactor immediately into action. The game 
itself doesn’t have intro levels including the tutorials. In any case, entering the VR 
requires some time for interactor to learn about the VR environment. So I created 
the storyboard with the screenshots of the environment to familiarize interactors 
with the environment, the gameplay, to get into the character, learn about the goal, 
the storyline and how to interact with the controller.  

(Fig. 15 Storyboard ) 
 
 
   



3. Play with controller A 
Participants were asked to play with custom or universal controller. Controllers 
are altered for every other user. 

 
(Fig. 16, custom controller) 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
4. Answer Borg scale of perceived exertion 

After finishing the game participants are asked to fill out Borg scale of perceived 
exertion. Borg scale of perceived exertion is a “relative” scale. It matches how hard 
participants felt they are working on a scale from 6 to 20. 6 means “no exertion” 
and 20 means “very, very hard”. Multiplying Borg scale by 10 gives an appropriate 
heart rate for a particular level of activity. 
 



 
(Fig. 17, Borg scale of perceived exertion) 

 
5. Answer Sense of presence questionnaire 

 I used Witmer & Singer Sense of presence questionnaire because they argue that 
sense of presence is not just subjective opinion but can be measured objectively 
by answering series of questions related to the environment, the controller, the 
interaction and the relation between them. After carefully examining the 
questionnaire I decided to slightly modify it since some questions didn’t relate to 
my project so I remove them to avoid confusing the user testers. Similarly, I 
needed to add additional questions about the controller and interaction with the 
controller. 
 



 

 



 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
(Fig. 18, Modified Witmer & Singer Questionnaire for measuring the Sense of presence) 
 
 
 
 
 



6. Play with controller B 
Participants were asked to play with custom or universal controller. Controllers 
are altered for every other user. 
 

 
(Fig. 19, HTC VIVE controllers) 

 
7. Answer the Borg scale of perceived exertion 

Borg scale of perceived exertion was used for both cases (universal and custom 
controller) 
 

8. Answer Sense of presence questionnaire 
Sense of presence questionnaire was used for both cases (universal and custom 
controller) 
 

9. Answer semi-structured interview 
 
I created a semi-structured interview to gather more qualitative data mostly to 
find out things that I didn’t anticipate or to get clarifications on answers they 
provided. 
 
 
 

Post Interview questions: 
 
P ___ 
 

1. Overall experience with a custom controller? 
2. Overall experience with a universal controller? 
3. How would you compare these two? 
4. How did a lack of physical feedback affect the experience? 
5. How did the sound from the controller affect the experience? 
6. How satisfied were you with this experience?  
7. Any other feedback on the controller?  

 



 

User testing results 
 
Results from user testing show that the custom controller was more immersive and 
contributed to the sense of presence more so than the universal controller for following 
the reasons: 
 

● It was properly mapped 
● It was easy to understand 
● It was easy to use 
● Interactors understood the outcome of the interaction 
● Interaction matched the outcome 
● Interaction was natural 
● The controller provided physical feedback 
● Users reported that physical interaction contributed to the deeper immersion 
● Some users liked the feeling of physical exertion  
● It made users feel like they were doing something meaningful 

 
One negative response was that for some the level of exertion was a bit too much. This 
didn’t have a negative impact on immersion but on the overall experience. 
 
The surprise finding came out of the interaction with the universal controller. The 
universal controller was mapped as closely as possible to the interaction with the custom 
controller. The interactor would have to grab both controllers at the same time, squeeze 
buttons on the handle to grab the diegetic pump. Shortly after starting the game 
interactors start to feel high level of exertion. For some, the feeling of tiredness was even 
higher than when interacting with a custom controller with active haptic feedback. This 
exertion was reported to have a negative effect on both sense of presence and overall 
experience. 
The reasons for the negative effects are: 

- The lack of constraints  
- The lack of physical feedback 

 
Observation showed as well as interactors reports, that they couldn’t focus on the 
gameplay nor the environment because of the lack of constraints. They needed the visual 
feedback to understand the proper range of motion so they spend most of the gameplay 
looking at the controller. Some even didn’t see a large number of birds heading towards 
them with 8’ wide wingspan. The lack of feedback and the lack of constraints made them 
pump in over exertive way, which also affected the position of their bodies while 
interacting with the controller, as they tried to align in with the position of the pump. 



Needless to say the interaction was much less immersive in respect to the controller. The 
immersion with the respect to the environment and game play still retained similar 
immersion level to the one with the custom controller. (see Fig. 16)   
 
 
 

 
(Fig 20., Affinity diagram custom vs universal) 
 



(Fig. 21, processed Sense of presence questionnaire and Borg scale of perceived exertion) 

 

Iteration on the custom controller  
 
Since the assumption that the universal controller will have a very low level of exertion 
proved to be wrong, in order to test how exertive interaction affects immersion, I needed 
to compare it against the non-exertive interaction. To create another game level with 
non-exertive interaction, I modified the controls on the universal controller so that the 
buttons only are mapped to the movement of the vehicle. Pulling the trigger was used to 
control the vertical movement of the vehicle, touchpad up for speeding and touchpad 
down for slowing down/stopping.  
 

User testing round 2 
 
All 9 steps of user testing were repeated from previous round of user testing.   
 
 
 
 



User testing results 
 
The user testing results came out as expected. Users reported a very low level of exertion 
equivalent to reading the book or tying the shoelaces. The level of immersion both in 
respect to the environment and controller was very low.  
 
Surprisingly, interactors reported they were able to actively survey the environment, that 
the interaction was easy, and that they didn’t have to think about the interaction. 
However, everyone agreed that the experience was no more immersive than beyond what 
the technology provides.  
 
Some of the Comments were: 
 

- “ Why being in VR if we are using buttons only and not interacting with the 
environment?” 

- “Interaction didn’t feel like VR” 
- “I feel like I’m playing PS4 on a 2D screen” 
- “ I prefer to have feedback”  

 
 
 These findings align with the rules of achieving the sense of presence when the 
interactor wants to interact with the environment, and if the interaction doesn’t exist,  is 
not natural,  is not as expected, or is complicated the sense of presence is non-existing. 

(Fig. 22 showing processed Sense of presence questionnaire and Borg scale of perceived exertion) 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Fig 23., Affinity diagram custom vs universal vs universal with buttons only) 
 
 

Conclusion 
 
From previous user testing, we concluded that not all exertive interaction has positive 
effects on the immersion and user experience. However, exertive interaction in VR is 
needed in order to achieve a sense of presence unless in cases where non-exertive 
interaction makes sense (e.g pressing buttons on a diegetic object). 

To recap the definition of exertive interaction (see Literature review ch.) 
Similar to the definition by [Oh and Young 2010 ] “Games that foster players physical 
movement that is generally more than sedentary and includes strength”  
I would argue that any interaction that uses body motion to control the game would be 
considered as an exertive interaction, whether or not the game itself should be 
considered as exergame. The user testing shows that interactors reported a high level of 
exertion when interacted with both custom and universal controller while in a sedentary 
position. 
 
 
 Exertive interaction in VR have POSITIVE impact on immersion if: 
 

- The controller provides feedback - Controller should act as a diegetic object, and 
vice versa ideally providing more force feedback than just vibration. 



- The controller looks like and feels like a diegetic object- The design of the diegetic 
object should match the “feel-like” of the physical controller. For e.g., if interactor 
is using universal, VIVE controller the design of a diegetic object/controller should 
look like an object with the handle. 

- The Controller is properly mapped in VR - The position of the controller should 
match the relative coordinates in VR. The interaction with the physical controller 
should mimic interactions with the diegetic controller as closely as possible. 

- Interaction with the controller should be natural - Interactor should be able to 
predict the outcome of the interaction. Interaction should mimic the real world.. 

- Provides constraints - User testing shows that the cause of negative exertion, with 
the use of the universal controller, was caused by the lack of constraints.Users 
didn’t understand how to properly use the pump, so they had to resort to visual 
feedback. This, in return, took the focus away from the gameplay and experience 
in general.   In a case where there are no ways of adding physical constraints, it is 
possible that constraining the movement of the diegetic object and the use of 
mental constraints, reinforced with physical feedback, would yield better results. 
I’m referring to the mental constraints as a user’s mental model which represents 
a diegetic object as obstacles (walls, boxes, etc). 

- Provides the proper level of exertion - When adding realism to the interaction, it 
seems logical to mimic the real world physics and interaction like the one found 
in simulators. The more realistic the interaction, the more realistic the experience 
we get. However, looking back at the user testing results, not all realism provides a 
positive experience just as not all exertion provides a positive experience. Except, 
when using simulators for training purposes, interactors should be able to adjust 
their own level of exertion.   

 

Next steps 
 
To find out if: 
 
The system could be used as an aid in physical therapy and as a motivational tool for 
exercise. 
 

During the user testing, few users suggested that they like the exertive part 
because it adds great realism to the game, made them feel more immersed and that it felt 
like a workout. “It felt like I accomplish something”. Seeing interactors, during the user 
testing and the demo sessions, experiencing a high level of exertion with the use of the 
custom controller yet continue to play, made me wonder if the system could be used as 
an aid in physical therapy and as a motivational tool for exercise. 



 Virtual reality has been used for a while in therapy for some psychological and 
mental disorders such as claustrophobia, paranoia, fear of heights, etc.  Patients in 
physical therapy, as well as people who start to exercise, often lack the motivation due to 
the physical pain and lack of instant gratification. If the system can provide enough 
immersion with instant gratification, it would possibly take their mind from the pain and 
allow for longer or easier exercise. 

 
Adding constraints to exertive interaction with the universal controller by using “mental” 
constraints inside the VR environment and adding haptic feedback for positive/negative 
reinforcement will improve the experience.   
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