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INTRODUCTION 

In order to find out particular results about how human computer 

interaction(HCI) works in gaming, we had developed our project: Track Cart. It 

is a basic game we developed and conducted in order to evaluate, maintain and 

finalize specific points that we had researched about the interrelated flow of 

interactions in gaming. The purpose of this paper is to give detailed information 

about our initial system, heuristic evaluations, prototypes, test results, 

comparisons and final points. 

As our target system, we have not chosen an existing application. Instead, we 

wanted to develop a user interface for a particular type of game and use it as our 

main subject of study. Hence, we had created a game idea, and paper prototypes 

to demonstrate our thoughts about the user interface that would be suitable for 

the game. After we finalized our paper prototype, we had chosen it as a target 

system then done heuristics evaluations on it. With the evaluations, we had 

combined our findings and generated the second prototype of user interface 

based on them. And actually, we had developed a throw away demo of the game 

where we used our suggested interface. Afterwards, we had run tests, 

participant-based evaluations and used our findings to generate our second 

suggestion of the user interface, together with a new demo developed as a high-

fidelity prototype. Additionally, new tests, controlled experiments and 

cooperative evaluations have given us enough results to make comparisons and 

finalize our findings throughout our whole process. 

 

GAME IDEA 

Our idea was to create a game, where the player is placed in first person 

perspective, going through metro tunnels with a cart moving on the tracks. The 

player would be able to slow down the cart with brakes, and also be able to 

switch the track directions by pulling the switch levers in order to turn to right 

or left around the corners. There would also be traffic lights, for the player to 

stop and wooden plates on top, requiring player to crouch in order to prevent 

getting damage. Throughout the game the player has a particular amount of 

health which is affected by several factors; not stopping at a traffic light, getting 



 2  
 

   
 

hit by wooden plates and trying to switch the track before getting close enough 

to the corner are the actions that damage player, eventually resulting in death 

and a level restart. Also, not being able to properly switch the tracks might 

cause the cart to pass through the wrong track, crashing into the rocks in a 

blocked part of the tunnel, which again, is a failure and results in a level restart. 

The goal of the player is to reach the end of the level. 

 

Sketch of a first person perspective of the tunnel. 
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Sketch of the level design. 
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PAPER PROTOTYPE 

 

HEURISTIC EVALUATION 

Whilst evaluating our paper prototype, each of us had found several problems 

regarding the types of interface buttons, placements and their functionality. 
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These problems had included both common and separate ideas, suggestions and 

reasons behind them. We first had conducted a basic scan of the problems and 

possible suggestions to fix them, then used a set of heuristics provided in the 

article "Heuristics for Motion-Based Control In Games" by Minna Haara and 

Saila Ovaska, to relate and base them upon. Even though the article was meant 

to be providing information generally focused on gesture based controls, the 

idea we had in mind for our control interface design was something more 

abstract. We designed the interface, hoping that it can be integrated with 

multiple input modules, including touch devices, mouse, or gesture controlled 

devices simulating mouse and axis controls. Thus, we had found the article 

pretty useful for our purposes.  

The mentioned problems, reasons behind them, corresponding heuristics and 

suggestions can be found in the table below. 

Problem Description Heuristics Possible Solution 

Buttons With 

Right-Left Arrow 

Images 

The functionality 

of the buttons is 

to switch 

mechanism in the 

track, not to move 

the cart. The cart 

already 

automatically 

follows the track. 

The arrow images 

and single right-

left click would 

give the user the 

idea of "moving" 

the cart, resulting 

in confusion 

about character 

controls. 

Realism: The 

arrow logic does 

not fit with the 

realistic motion. 

It reflects like we 

are moving the 

cart, but actually 

we are only 

controlling the 

track. 

Feedback: User 

would expect a 

cart movement on 

the click of an 

"arrow" button. 

 

Remove the right-

left arrow 

buttons, turn the 

"track indicator" 

image into a 

functional button 

and use it to 

change the track. 

Safety Distance 

Indicator 

Creating too 

much confusion 

on the screen 

space, not being 

expressive 

enough about the 

safe distance to 

switch the tracks. 

People would not 

Feedback: 

Immediate 

feedback is not 

correctly 

expressed and is 

misleading. 

Guidance: The 

game would 

require some 

Remove the 

indicator and use 

the ground plane 

in 3D world to 

indicate the safe 

distance of track 

switch. (Once the 

track corners are 
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understand the 

reasons why an 

indicator image 

would be popping 

out in the screen. 

extra tutorial if 

the indicator was 

included. 

visible, then it is 

safe to switch) 

Traffic Light 

Indicator 

An image on the 

screen with a 

counter indicating 

when a traffic 

light is up ahead 

would make the 

game way too 

easier than it was 

supposed to be. 

Challange: 

Giving pre-

information about 

an upcoming light 

would make it 

easier for the 

player to prepare 

for a brake, 

decreasing the 

challenge in the 

game. 

No False 

Positives: When 

a user sees the 

traffic light 

image, it might 

mislead them into 

trying to press it 

instead of 

properly pressing 

the brake button. 

Remove the 

traffic light 

indicator and the 

counter. 

Track Direction 

Indicator Image 

The images 

showing on the 

indicator were 

misleading, users 

might confuse 

whether it was an 

indicator of the 

current track 

direction or for 

the upcoming 

corner path. 

Realism: The 

indication was 

not matching the 

reality. 

Switch the image 

with "inversed" 

lever images to 

represent track 

alignment. 

 

The table above represents our first results, as we proceeded throughout the 

experiments and increments, we had found both corresponding and different 

heuristic violating problems, that we fixed through our possible solutions. They 

will be mentioned in the following sections of this paper. 
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INTERMEDIATE PROTOTYPE 

In our second prototype, we developed a demo with the suggested interface, 

which is the corrected version of the paper prototype based on heuristics. The 

traffic light and safe distance indicators were removed. Additionally, instead of 

right and left arrows to switch the tracks, a button with a "lever" image on the 

screen was used as both a control for tracks and also as an indicator of the 

current track direction. 

 

We had conducted a usability test including a cooperative evaluation with the 

demo and found out several problems regarding our interface. 

• The Brake Button: The button's functional type was "hold", meaning 

that the player had to hold the button to brake and stay stationary, and let 

the button go to start accelerating again. This turned out to be a complex 

interface issue especially when the player was in a level section which 

he/she was supposed to crouch to avoid wooden blocks and stop at a 

traffic light at the same time. Not being able to press and hold the brake 

button and crouch button at the same time made the participants get 

frustrated and additionally directly affected the gameplay due to the fact 

that it was a boundary for the level design. Additionally, the issue created 

by this button violated some of the aspects of designing interface for 

game applications. Especially, while designing for games, the player 
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goals must be kept in mind. We had tried to design the interface in a way 

that would make the player to challenge themselves in learning new 

aspects of the game, like the functionalities like braking and crouching. 

This learning process, which is one of the main player goals, also with the 

challenge that this process brings, according to the article by Jussi 

Nouisiainen, "Defining Usability in Games", has been interrupted by the 

problematic design of the brake button. 

• Image of The Brake Button: We had put a huge "STOP" sign image on 

the brake button. This had caused participants to think that hitting that 

button would make their carts stop immediately. However, not only 

pressing, but also holding was necessary, and the stopping process would 

be done overtime with a physical deceleration value.  

• Inverted Controls: This was one of the most interesting points we had 

found out. Because the inverted images on the track switch button (if the 

lever is to the left, then track goes to right, vice-versa) was creating a 

huge confusion in the participants' minds. However, that was the right 

type of interface to add simply because of the fact that it was a 

representation of how a real track lever would work. So basically, the 

feedback from the participants and heuristic rule about "Realism" got 

conflicted, and we had to try new ways to solve the issue on our next 

prototype. 

• Placement of The Switch Controls: Some of the participants explained 

that they would be more comfortable to have 3 buttons on the bottom, 

side by side for all the controls, thus having more free space in the upper 

part of the screen space. 

• Size of the Buttons: Some participants asked to change the size of the 

buttons, thinking they were not sufficient enough to make an impact on 

the screen and giving the idea of how important they were. On the other 

hand, some of the participants disagreed, reporting that if they were 

bigger it would have been to unnecessary to cover that huge amount of 

space in the screen. 

• Safe Distance Problems: Some users experienced problems about the 

safe distance to switch the tracks. Since the game was punishing the 

player for trying to change the tracks earlier than seeing the track corners, 

this was causing users to get damage frequently. It was observed that 

some of them had hard time figuring out when to switch, eventhough we 

designed the game in a "curved-world" visuals, thus making it easier to 

notice the tracks corners. 
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A simple experiment process was followed through the tests. Participants were 

to play the demo one by one, without seeing or having any information about it 

before hand. Basic guidelines for cooperative evaluations were followed 

through the process. After the tests, we had the participants to fill out a 

questionnaire, contributing to our findings. At the last section of this paper, you 

can find the links to the questionnaire results. Significant findings and combined 

results would be given in the conclusion part of this paper. 

 

FINAL PROTOTYPE 

By collecting the data from our second prototype, both experiment experiences 

and written questionnaire from the participants, we had improved major points 

on the prototype and developed a new interface to try out. 

 

• Initially, brake button was changed. We had changed its functionality 

from press & hold into toggle logic. So it was only enough to press once 

to make the cart decelerate, once to make it accelerate again. This would 

enable the users to decelerate and also crouch down at the same time due 

to the fact that only crouching button is needed to be pressed & hold.  

• As the second target, we had gone after the brake button again. However 

this time, it was the image on top of it that we were interested. The stop 

sign image on it on our second prototype was problematic and misleading 

as mentioned above. So, we had changed it into a simple image 

representing a car brake.  

• Afterwards, the biggest change we had carried out was removing the 

switch track control button from 2D space and transferring the button into 

3D world space. Now there were only 2 buttons left on the screen space, 

and the button to switch the tracks would appear on top of the corners in 

the world space, when it is safe to switch. This change had both 

advantageous and disadvantageous impacts. First, it had helped with 

clearing the screen space. Now there was more area on the screen and 

users were able to focus on the gameplay and tracks rather than getting 

confused with the buttons on the viewport. Also, rather than having 

alignment problems with 3 buttons, one being on the right, now there 

were only 2 buttons on the screen and questionnaire results pointed out 

that placement, size and the look of the buttons on this prototype was 

better. Secondly, it removed the problem of having a safe distance. Now 

the player was able to click the button only when it appeared, which is 
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only when it is inside the safe distance. However, this was the 

disadvantage at the same time, because this was a limitation on the 

gameplay mechanics directly. Now the users wouldn't be able to have the 

challenge of getting damaged by pressing the switch button at an 

incorrect time. This is one of the left out issues in our last prototype. 

• A direct manipulation to change the positioning, alignment and the size of 

the buttons were not made. We had thought that the removal of the switch 

track control button would indirectly affect the issue related with the 

alignment and positioning, which indeed did. 

 

Generally, the changes and improvements we had carried out were simple but 

effective. We had seen how can a minor functionality change can affect multiple 

aspects related with various heuristics. The changes on the brake button were 

related with the "Challange" and "Realism" heuristic, because of the fact that 

they were decreasing the over complexity of hold functionality and also 

improving the game visually providing better expectations on the button 

impacts. Additionally, the improvements on the switch track controls button 

was a huge improvement regarding the "Feedback" and "Guidance" heuristics. 

This is due to the fact that the immediate visual feedback was delivered to the 

user in a much better way since the button would only pop-up, becoming 

available to press when it is only a safe distance. As a wrap up, we had seen 

both pros and cons of the changes we had done on the third prototype. The 

significant points and comparisons with the second prototype, including 
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questionnaire results and eye-tracking findings can be found in the conclusion 

section of this paper. 

 

CONCLUSION 

Questionnaire 

We had 2 different questionnaires for each demo. Our questionnaires included 

question types as rating questions(1 to 5), yes or no questions and free text 

questions. You can find the questions asked in the list below: 

1. How did you like the graphics of the game? 
2. How did you like the controls? 

3. How did you like the controls' size and appearance in the screen? 
4. How did you like the placement of the controls? 

5. How did you like the feedback from the game? 
6. How easy it was for you to realize, how to play the game? 

7. How was your game experience? 

8. What would you improve about the user interface of the game? 

9. Do you consider the initial dialogue disturbing? 

10.  Did you like the test? 
11. How did the second user interface change against first interface? (Asked 

for the participants who tested both of the demos.) 

12. What did you like the most about the game? 

13. What was the worst thing about the game? 

14. Was the game challenging? 

15. Was the game annoying? 

As can be seen, we had included questions both related to user interface and 

also to the game mechanic itself. First reason to do this was to create a variety 

of questions so the participants would not be focusing on only answering 

questions about user interface, thus giving them a mindset to judge without 

being influenced more. In recent studies, it was found out that using this 

technique to create questionnaire questions was the best way to diverse the 

focus and get honest answers from the participants. If we had only asked about 

the interface, then users might have been position themselves as a judge only for 

the interface, and overthink the particular scenarios about them. That's why, we 

had included game logic related questions, too. The second reason was to find 

out general information from the surveys, since the game play and logic is 
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highly related and cooperatively working with the interface that is used to 

derive that logic, we could not just separate them directly. 

Comparing the second demo to the first one, here are some important points: 

• The graphics were improved. One of the interesting findings is this, 

simply because of the fact that the graphics and visual quality of the game 

was not changed between the demos. The lightning, post processing, 

visual art style was almost exactly the same, except a few image and 

positional changes on the user interface. But still, people claimed to have 

a higher rating for the graphics of the game. 

• The controls were liked better.  

• Ratings for the size and appearance of the controls were not changed 

significantly. This is another point we would like to focus on, users rated 

for a better graphics, but still there was no graphical improvement. Which 

led us thinking that the changes in the interface caused this perception. 

However, the ratings for the size and apperances of the interface stayed 

the same between the 2 surveys. 

• Rating for the placement of the controls was completely the same.  

• Feedback of the game has increased significantly. 

• Game experienced increased by a slight, but remarkable amount. 

 

Other non-significant results and comparisons can be found by looking at the 

questionnaire results directly. The links for them are given in the Links section 

of this paper. 

 

Significant Findings 

 

1. Not all changes made a difference. Most of the participants contributed 

to the tests had a problem with the brake button on our first demo. The 

functionality required users to hold the button, whilst most of them were 

trying to click only to stop. Also the stop sign image was leading on the 

button. So we had changed it to a "brake" image and also changed the 

functionality to toggle mode. The interesting result is that high percent of 

the participants on our second demo still had the same problems with the 

brake button even though we had made necessary and requested changes 

for it. Basically, the changes we made on the brake button affected the 
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general visual points of the game, however still had almost no impact on 

the feedback. 

2. Immediate response matters. One of the most interesting points that has 

raised was that most of the participants did not have any problem with 

using the crouch button. The button had a "down arrow" as an image on 

top, and the functionality was on hold mode. So as long as the user holds 

the button, the character in the game would stay crouched. Almost all of 

the participants successfully crouched on their first tries. This was a 

surprising fact because it was unexpected to see people reacting to the 

crouch functionality expecting the "hold" mode, but to the break 

functionality they did not expect to hold, even though in real life it was 

more corresponding and matching to the game. One connection that we 

were able to successfully make was the "response" that the game makes. 

Basically, the crouching motion was quickly responsive. Meaning that 

from the moment the player touches the button, the character would start 

crouching, and when the button is released, the character starts getting up, 

hence the users were able to see the character responding to their input 

immediately. So they did not have any hard time with the interface of it 

and were able to adapt quickly and escape the obstacles throughout the 

level. However, when the time come for breaking, most of them were not 

able to properly break, or even slow down, because they mostly tried to 

click and release, and repeat the process when they were not getting the 

response from the cart. But why the difference? Our conclusion was; it's 

simply because of the response from the game. When the user clicked the 

button to brake, there were no visual "slowing down" in the next one or 

two seconds. Because the cart needed a time to slow down, simply due to 

deceleration. It took approximately 3-4 seconds for the cart to completely 

stop. So, when the users clicked the button and had not seen an 

immediate response, they mostly thought about a dis-function in the 

controls and stopped logically questioning why it was not slowing down 

directly. From this point, it was easy for us to come up with the result that 

when designing a user interface it is absolutely crucial to think 

interrelatedly with the gameplay feedback. In our case, the break button 

needed an extra user interface element, maybe an image, maybe a slider 

or even maybe an additional counter text showing the speed of the cart to 

plant the idea of holding down the button into the users mind. 

3. Small interface changes affects the big picture. After looking at the 

questionnaire results, we had seen that particular UI changes did not have 

the effect we had expected, in their own manners. For example, changing 

the switch track control button was not a hundred percent improvement. 
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Some participants preferred the button on our first demo, which was a 2D 

screen space button. However, it affected the general results. People 

responded that they had liked the placement of the UI generally more in 

the second demo, when compared to our first demo. From this data, we 

had concluded that even simple and small changes on the user interface 

has the ability to affect the big picture, or the parts of the feedback which 

was not intended to be affected. 

 

Eye Tracking 

We had conducted eye tracking experiments on a variety of users. There is a 

huge amount of data that can be extracted from the results we had gotten. Since 

most of them are gameplay and game design related, they won't be mentioned in 

this paper. However, there is one thing that is significant to point out, and it is 

that the placement of the user interface has a huge impact on the general 

responsiveness of the user and the gameplay experience. 

Screenshot from the intermediate prototype, first demo. 
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Screenshot from the final prototype, second demo. 

Yellow Lines: The boundary points for the main focus areas. 

 

From the data for the first demo, the switch track control button on the right 

distracted users and widened their angle of view. In response, this has created a 

loss of attention on the gameplay area and the level, and it was common for 

most of the users to miss the corner that is coming in the first 30 seconds of the 

game. They did not have enough time to understand the controls and the general 

logic, thus failing to respond to the turn they were supposed to take. However, 

on the second demo, their angle of view was narrowed down, and they had a 

more successful time in focusing on figuring out the controls. In the second 

demo, the number of the participants failed in the first turn was not as much as 

the first one. 

More results of the eye tracking experiments can be found by the project file in 

BeGaze software in the usability lab with the project name; "HCI Track Cart". 

 

Current Usability Problems 

• The biggest usability problem in the current version of the demo is the 

interface for the break functionality. Even though in the final demo the 

functionality has changed from hold to toggle mode, participants still had 

a hard time with breaking and pressed the button multiple times, resulting 
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in quick toggling on and off, and failure in breaking. As mentioned in the 

above sections, in order to prevent this problem, the most possible 

solution would be adding speed-o-meter interface, directly showing the 

speed of the cart. Thus the participants would be able to see the 

immediate result of pressing the brake button, even though it still 

wouldn't be perspectively responsive in first person field of view, the user 

interface might provide the feedback necessary for the users to get the 

idea of braking. One other solution would be making the cart slow down 

immediately, however that would be violation of the physics rules and a 

direct change in the gameplay and that is out of the scope of this study 

since we are trying to improve the user experience only with the changes 

over the user interface. 

• One other current problem is the switch track control button. In the first 

demo, it was on 2D space and always visible, but caused issues related to 

the safe distance of switching and confusions on the main switch logic. 

The improvements made for the final demo helped with the confusion on 

the switch logic and visual enhancement of the overall interface design, 

however it had affected the gameplay, causing the users to avoid being 

damaged by mistakenly pressing the button too early since the button 

would only appear when the corner was visible, meaning it was inside the 

safe distance. This is an issue that we had multiple fixes upon, but have 

not successfully been able to decide on the fixes due to the difference 

between game and interface design. We do acknowledge the fact that 

interface design is an iterative and interrelated process between the 

gameplay mechanics design, however studying on improvements without 

directly making gameplay changes proved to be challenging. 

 

Links 

The executable files of the demos developed for this project: 

https://drive.google.com/open?id=1Go7r1RGIx0YEG22WSG9ddpwsShEyV21

G 

Questionnaire Results:  

Intermediate Prototype Results: 

https://drive.google.com/open?id=1OMV4Hi5r31KEkNlu__-KZiHT8Mqsmqtb 

Final Prototype Results: 

https://drive.google.com/open?id=1sz807sN0sHsdVCrb9YK6NrzTpmkpbomV 

https://drive.google.com/open?id=1Go7r1RGIx0YEG22WSG9ddpwsShEyV21G
https://drive.google.com/open?id=1Go7r1RGIx0YEG22WSG9ddpwsShEyV21G
https://drive.google.com/open?id=1OMV4Hi5r31KEkNlu__-KZiHT8Mqsmqtb
https://drive.google.com/open?id=1sz807sN0sHsdVCrb9YK6NrzTpmkpbomV
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