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Introduction 

In future, automated vehicles will be able to connect to vehicular ad-

hoc networks to share real-time routing information, the integrated 

data will be input into certain automated routing optimization 

algorithm based on congestion game theory to produce optimized 

routing decisions.  

The Traffic app is a web application that used to demonstrate how the 

algorithm work to solve routing games of connected self-driving 

vehicles step-by step. 

Final design documents from the undergraduate team can be found 

here. 

The usability tests were broken up into two scenarios: routing game 

playing basic function test, and game session review function test.  

The main goal of the first scenario is to determine if users of the two 

roles of the system understand how to use the app to successfully 

conduct the game sessions. This system has two roles, professor role 

and student role. Professor first set up a traffic game session by 

initiating the max iteration number, shortest path algorithm, game 

code for access control, and the map network that the game is taking 

on. Students login the game session based on correct game code. After 

student logged in current session, they will be shown a map and each 

will be given a random origin and destination point on the map. A 

routing algorithm will calculate a shortest path based on weights of 

each edge. At the first iteration, student can only choose this path when 

it’s their turn. After each turn the map updates with new weightings on 

the edges based on the previous students turn. After all students 

finishes their turn in the first iteration, the game will continue, only this 

time students will be able to choose between previous path and a 

newly calculated shortest path. Professor can refresh the map to see 

weight updates of each route, and decide whether to end the current 

game session before the max iterations are reached. 

The main goal of the second scenario is to determine if the system is 

able to produce correct post-game statistics, export full game 

information to CSV files. And Review the details of the last game 

session. 

http://www.csl.mtu.edu/classes/cs4760/www/projects/s20/group5/www/22_Final_Design_Presentation.pptx
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Usability Test Plan 

 

Test set up 

 A zoom meeting will be scheduled for the online test. The instructor 

and students will be running the app on their laptop or desktop. Verbal 

instructions from the test description are read to the participants. 

Before each time a student starts their turn, screen is shared over zoom 

to show their operations. After the test is completed, participants 

complete a copy of the post-test questionnaire, and answers the 

interview questions. 

 

1. The participants will receive email with the zoom link two days 

prior to the test. 

2. Greet the participant. Explain the purpose of the app. 

3. Get verbal consent from the participant. 

4. Read the scenario description to participant. 

5. Ask participant to fill the pre-test questionnaire in google form. 

6. Share the link of app. 

7. Instruct the participant to share their screen. 

8. Conduct the testing. 

9. Perform the post-scenario interview. 

10. Ask participant to fill the post-test questionnaire form. 

11. Thank the participant. 
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Usability Test Scenario 1: Game Playing 

Scenario description 

Please read the Remote Usability Testing Consent Form before the 

test, and submit to consent.  

In summary, this test imposes minimal risk, no harm should come to 

you performing the test, the results of the usability test are 

anonymized, and if at any time you wish to terminate the testing you 

may. I will be recording the meeting for the purposes of data 

collection, however if you are uncomfortable with this, please let me 

know and I will not use recording. 

This is a routing app. The functions given will allow us to see the 

calculated shortest path it takes to get from an origin to destination 

on the map. In the future, instead of people choosing a route to their 

destination, this will be handed over to self-driving cars. This app is 

trying to simulate and demonstrate how the automated vehicles will 

make their choice. 

The simulation takes place on a map that includes several nodes and 

various paths that connect them. 

First, the professor will set up a game session and you will join using 

your laptop or cellphone. 

You will get a random origin; destination point on a map. When it’s 

your turn, please first share your screen over zoom. 

A routing algorithm will display the shortest path that it calculates for 

your route. Please select this route. 

After all students finishes their turn in the first iteration, you will begin 

again, only this time you will be able to choose between your 

previous path and a newly calculated shortest path. 
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This process will continue until either the professor ends the 

simulation or all students decide that they have chosen their fastest 

route. 

The goal is to show the steps of how a “Nash Equilibrium”
 *
 is reached 

where everyone is given the opportunity to change their route. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Nash Equilibrium: In terms of game theory, if each player has chosen a strategy, 

and no player can benefit by changing strategies while the other players keep 

theirs unchanged, then the current set of strategy choices and their 

corresponding payoffs constitutes a Nash equilibrium. 
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Test Goals 

 Instructor View: 

⚫ Is able to Login through desktop view 

⚫ Is able to invite students by game code 

⚫ Is able to click the <Start New Simulation> button to start a 

new game 

⚫ Is able to select network map and shortest path algorithm 

⚫ Is able to set number of iterations 

⚫ Is able to see the updated map each time a student finished 

path selection 

⚫ Is able to click <End Game> to end and save current game 

Student View: 

⚫ Is able to Login through desktop view or mobile view by 

entering account and game code 

⚫ Is able to select a path to get from Origin to Destination 

⚫ Is able to click <End Turn> when finished their turn 

⚫ Is able to see the updated map each time a user finished path 

selection  

Background Function: 

⚫ The game is able to stop after the max number of iterations is 

reached 

⚫ Game is able to be saved into database after its ending 

⚫ User is able to select paths quickly and easily  

⚫ Potential entry errors are minimized 

 

Task list  

1. Instructor open the app 

2. Set and send the participants game code 

3. Instructor click <Start New Simulation> 
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4. Instructor choose network, algorithm, and max iteration 

number 

5. Student choose path in turn 

6. Student click End Turn 

7. Instructor click <End Game> 

Quantitative measurement 

⚫ Time taken to complete the scenario. 

⚫ Number of clarifying questions asked. 

⚫ Number of errors 

Qualitative measurement list 

⚫ Potential confusion is minimized 

⚫ Easy and intuitive to use and navigate the app 

⚫ Experience enjoyment 

⚫ Efficient help and documentation for use of app 

Potential observations of participant 

⚫ Participant’s level of frustration 

⚫ Verbal language 

⚫ Time spends on selection 

⚫ Ability to perform task 
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Post Scenario Interview Questions 

1. Were you able to find enough information supporting your 

route selection? If not, what made it difficult? 

 

2. Do you often change your route selection based on the 

suggestion of algorithm, or stick to your previous route 

decision? Why or why not. 

 

3. Do you have any suggestions for making this scenario easier 

to complete? 

 

4. What was your favorite part of using the application during 

this test? 

 

5. What was your least favorite part of using this application 

during this test? 

 

 

6. Any other comments? 
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Post-Test Questionnaire 

1. Please indicate your level of agreement to the follow statement:  

1. Through the demonstration of this software, I 

understand how self-driving cars do path selections 

1. Strongly agree 

2. Agree 

3. Neutral 

4. Disagree 

5. Strongly disagree 

 

2. Please indicate your level of agreement to the follow statement:  

I enjoy using this application. 

1. Very much 

2. A little bit 

3. Neutral 

4. Not very much 

5. Not at all 

 

3. Please indicate your level of agreement to the follow statement:  

I would use this application again. 

1. Strongly agree 

2. Agree 

3. Neutral 

4. Disagree 

5. Strongly disagree 
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Bug Report Form 

See Appendix B 

 

Testing Challenge Form 

See Appendix C 

 

Remote Usability Testing Consent Form 

See Appendix D 
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Usability Test Scenario 2: Game Session Review 

Scenario description 

As professor user of this app, after finish a game session, check the 

saved previous session to see if all necessary information is correctly 

recorded. 

 

Test Goals 

 Instructor View: 

⚫ Is able to Login through desktop view 

⚫ Is able to click the <Previous Sessions> button to load a game 

session 

⚫ Is able to review the details of a previous game session 

⚫ Is able to click <Exit> button to return to the main view 

 

Quantitative measurement 

⚫ Time it takes to load the previous game session 

⚫ Number of recording errors 

 

Task list  

1. Instructor open the app 

2. Instructor click <Previous Sessions> 

3. Instructor choose session 

4. Review session details 

5. Check if there is any recording error 

6. Instructor click <Exit> 
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Qualitative measurement list 

⚫ Potential confusion is minimized 

⚫ Easy and intuitive to use and navigate the app 

⚫ Experience enjoyment 

⚫ Efficient help and documentation for use of app 

 

Potential observations of participant 

⚫ Verbal language 

⚫ Time spends on loading and reviewing 

⚫ Ability to perform task 

 

Bug Report Form 

See Appendix B 

 

Testing Challenge Form 

See Appendix C 

 

Remote Usability Testing Consent Form 

See Appendix D 
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Post Test Interview 

1. What was your favorite part of using the application during this 

task? 

 

 

 

 

 

 

 

 

 

 

2. What was your least favorite part of using this application during 

this task? 

 

 

 

 

 

 

 

 

 

 

3. Any other comments? 
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Post Scenario interview and questionnaire 

1. Please indicate your level of agreement to the follow statement:  

Overall, this application was easy to perform the task. 

6. Strongly agree 

7. Agree 

8. Neutral 

9. Disagree 

10. Strongly disagree 

 

2. Please indicate your level of agreement to the follow statement:  

I enjoy using this application. 

6. Very much 

7. A little bit 

8. Neutral 

9. Not very much 

10. Not at all 

 

3. Please indicate your level of agreement to the follow statement:  

I would use this application again. 

6. Strongly agree 

7. Agree 

8. Neutral 

9. Disagree 

10. Strongly disagree 

 

4. Please indicate your level of agreement to the follow statement:  

I found this application visually appealing. 

1. Strongly agree 

2. Agree 

3. Neutral 

4. Disagree 

5. Strongly disagree 
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Test Results 

Because the application functions for test scenario 2 has not been 

implemented, only the first test scenario was applied. 

 

Pre-Test Questionnaire Result 

Before the test, a pre-test survey was administered to collect answers 

to common usability test questions. Quantitative and qualitative data 

was collected. 8 participants responded in this questionnaire. 

 

The first question asked participants how many years have they sued a 

smartphone for. All 8 of them were more than 5years. 

 
 

 

The second question asked participants to rank their interest in testing 

the application on a scale from strongly agree to strongly disagree. 50% 

of participants agreed that they were interested in testing of this 

application. 25% of participants strongly agreed that they were 

interested in testing of this application. 25% of participants felt neutral 

about testing of this application. 



15 

 

 
 

 

The third question asked participants to rank their interest in 

automated vehicles on a scale from strongly agree to strongly disagree. 

50% of participants strongly agreed that they were interested in 

automated vehicles. 25% of participants agreed that they were 

interested in automated vehicles. 25% of participants felt neutral about 

automated vehicles. 

 
 

 

The fourth question asked participants to rank their familiarity with the 

shortest path problem in graph theory on a scale from strongly agree 

to strongly disagree. 37.5% of participants strongly agreed that they 

were familiar with the shortest path problem in graph theory. 12.5% of 

participants agreed that they were familiar with the shortest path 

problem in graph theory. 25% of participants felt neutral about their 

familiarity with the shortest path problem in graph theory. 25% of 

participants strongly disagreed that they were familiar with the shortest 
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path problem in graph theory. 

 

 
 

 

The fifth question asked participants to rank their familiarity with the 

Nash Equilibrium in game theory on a scale from strongly agree to 

strongly disagree. 50% of participants strongly disagreed that they were 

familiar with the Nash Equilibrium in game theory. 25% of participants 

agreed that they were familiar with the Nash Equilibrium in game 

theory. 25% of participants felt neutral about their familiarity with the 

Nash Equilibrium in game theory. 
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Quantitative measurement Result 

● Average app response time: Less than 2 seconds. 

● Average time taken in each route selection: Less than 5 seconds. 

● Number of times participant ask for clarification: 4 

● Number of bugs found in the test: 8 

 

Post Scenario Interview Result 

Evaluations are collected for five post scenario interview questions.  

The first question is “Were you able to find enough information 

supporting your route selection? If not, what made it difficult?” 

Following are collected answers:  

● “There are weights on the route, but I wasn’t very sure what it 

meant, distance, time cost, or how many other people are using 

that route”.  

 

● “Yes, I think the information is good enough.”  

 

● “I think it’s easy to find information about route decision” 

 

● “I don’t understand what those numbers on the route means.” 

 

The second question is “Do you often change your route selection 

based on the suggestion of algorithm, or stick to your previous route 

decision? Why or why not?” 

Following are collected answers:  

● “I had no bias whether to trust the algorithm, but I wasn’t sure 

how to evaluate new suggested shortest route over the previous 

one.” 
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● “I just pick the one that looked shorter.” 

 

● “I’d like to keep my route selection round to round, I don’t want 

to change it.” 

 

● “I prefer my previous route” 

 

● “I try to alternate my decision between previous and new 

shortest to see what is changing.” 

 

● “I tend to go based on suggestions of that algorithm.” 

 

The third question is “Do you have any suggestions for making this 

scenario easier to complete?” 

Following are collected answers:  

● “On screen directions for unit of route weight would be helpful.” 

 

● “Adding both shortest time and shortest distance for selection 

would be better.” 

 

● “When I hover cursor over those buttons, it would be helpful to 

have a changing cursor icon.” 

 

The fourth question is “What was your favorite part of using the 

application during this test?” 

Following are collected answers:  

 

● “It’s cool to see how different route algorithm would come up 

with on the map, I like the graph to show the shortest path.” 
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● “The way this app showing the route is my favorite part. It is 

easy to see the shortest path.” 

 

● “I like how simple this app was.” 

 

● “It is easy to understand what those buttons do.” 

 

● “It is neat to see my previous selection.” 

The fifth question is “What was your least favorite part of using this 

application during this test?” 

● “I wasn't 100% sure that my turn ended, my cursor didn’t change, 

and there was no other pop-up to say it wasn’t my turn” 

 

● “The numbers on the map are confusing to me.” 

 

 

Post-Test Questionnaire Result 

 

After the test, a post-test survey was administered to collect answers 

to common usability test questions and participants’ opinions about 

the application. 

 

The first question asked participants to rank their degree of 

understanding of route selection for self-driving cars through the 

demonstration of this application, on a scale from strongly agree to 

strongly disagree. 33.3% of participants strongly agreed that they 

understood of route selection mechanism. 33.3 of participants agreed 

that they understood of route selection mechanism. 16.7% of 

participants felt neutral about this. 16.7% of participants strongly 

disagree that they understood of route selection mechanism. 
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The second question asked participants if they enjoy using this 

application. 50% of the participants agreed and 50% strongly agreed 

with this. 

 
 

 

The third question asked participants if they would use this application 

again. 50% of the participants agreed and 50% strongly agreed with this. 
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Conclusions  

Usability testing revealed several main problems with the human 

computer interface of this application.  

 

First, it provided good prompt for student who is currently supposed 

to make their route selection. However, it lacks effective prompt 

message to inform other students who is waiting for their turn. This 

caused a few confusions for different student participants. Also, in 

professor view, user cannot see information about which student is 

making route decision. Thus, it is fuzzy to know when should s/he 

refresh the map for weight updates. 

 

Second, the weight shown for each path is confusing for user, it can be 

understood as time cost, number of users taking the route, or distance 

units. This therefore might cause different perspectives of 

understanding how a congestion algorithm work. It also brings 

uncertainty in trusts that users put into the algorithm. 

 

Therefore, the following changes are recommended. 

 

First, the application should provide clear information about the 

current selection turn for students. There should be prompt message 

and label message for both users that is in selection turn and those are 

waiting for their turn. 

 

Next, the application should provide precise information about route 

weight. Considering different initial algorithm is working on different 

units, at beginning of each session, it is better to inform user precisely 

on what metric is this game session working on, and what 

measurement a shortest route is expected.  

Also, it should provide total cost of each route in the selection 

processes. This will let user have a whole view of their route selection 

rather than calculating cost by themselves to make any further decision. 

 

Finally, the redundant refresh button should be removed on the page 
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since the map is able to update weight automatically. And once 

professor decides to end a game, all students users should be forced 

to leave current game. 

 

Overall, participants felt the application easy to use and easy to 

navigate. Implementing the recommendations mentioned would help 

the users’ understanding of shortest path that suggested by 

congestion algorithm. 
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Appendix A: Undergraduate Group Member Attendance 

 

 

Date and Time Undergraduate Name 

4/15/2020 10:00 AM Anthony Chavez Brandon Wichman 

4/15/2020 11:00 AM Joe Kurtz Anthony Chavez 

4/15/2020 3:00 PM Brandon Wichman Anthony Chavez 

4/17/2020 2:00 PM Aaron Lyons Adam Reichanadter 

4/17/2020 3:00 PM Aaron Lyons Adam Reichanadter 

4/17/2020 4:00 PM Brandon Wichman Adam Reichanadter 
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Appendix B: Bug Report Form 

Bug # Name Description Severity 

1 Max iteration setting 
The setting of max iteration in 
game initiation in professor view 
is not working. 

Severe 

2 Refresh button bug 

The refresh button on student 
view may crash the game if it is 
clicked before previous or 
shortest button. 

Severe 

3 
Disconnected student 
crashes the game 

Once a student accidentally 
closes his/her browser, or s/he is 
disconnected from the game with 
internet issues, there is no way to 
make current game continue. 

Severe 

4 
Network: only Sioux 
Falls woks 

The setting of network in game 
initiation in professor view only 
works on Sioux Falls. The other 
two network are not working. 

Major 

5 
Only show route weight 
of one direction 

In two-way route, the application 
only shows weight for one 
direction in the route. 

Major 

6 Profess view refresh 

In professor view, the refresh 
button is not working, user can 
only update the weight by fresh 
the browser. 

Minor 

7 Post-game statistic 

The post-game statistic is not 
implemented to demonstrate 
correct information about the 
current game session. 

Minor 

8 
Export game Infor to 
CSV 

The export game information to 
CSV button is not implemented 
with expected function. 

Minor 
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Appendix C: Testing Challenge Form 

Challenge # Name Description 

1 
Zoom connection quality 
challenge 

Due to network connection issues, audio of Zoom 
is sometimes intermittent. 

2 
Zoom screen sharing 
challenge 

Multiple participants are not be able to share their 
screens at same time. 
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Appendix D: Remote Usability Testing Consent Form 

You are being invited to participate in a research study to determine the usefulness and 

usability of computer user interfaces. This study is being conducted by Dr. Robert Pastel of 

Michigan Technological University Computer Science Department and Dr. Pastel's Human-

Computer Interaction (HCI) courses. The students are performing the usability tests as part of 

their project and to fulfill the HCI course requirements. 

 

There are no known risks if you decide to participate in this research study. There are no costs 

to you for participating in the study. The information you and the tasks that you will perform 

will determine the usefulness and usability of user interfaces. The questionnaires and the tasks 

should take less than an hour to complete. The information collected may not benefit you 

directly, but the information learned in this study should provide more general benefits. 

 

The questionnaires and tests are anonymous. No one will be able to identify you and your 

answers, and no one will know whether or not you participated in the study except for the 

instructor of the class who is giving you credit for participating. Should the data be published, 

no individual information will be disclosed. 

 

Your participation in this study is voluntary. By completing the questionnaires and performing 

the tasks, you are voluntarily agreeing to participate. You are free to decline to answer any 

particular question you do not wish to answer or not to perform a task for any reason. 

 

The testing may make use of video conferencing software which will record your tasks on 

computers screen and from your webcam. The webcam recordings will not be shared, and you 

may mute the webcam at any time. Before sharing your screen, you should clear your desktop 

of any open apps except your browser. Also, you should clear your desktop of any icons or 

widget that you wish not to be observed. 

 

If you have any questions about the study, please contact Dr. Robert Pastel, Associate Professor, 

Computer Science Department, Michigan Technology University, Houghton, MI 49931. 

 

The MTU Institutional Review Board has reviewed the request to conduct this project. If you 

have any concerns about your rights in this study, please contact Joanne Polzien of MTU-IRB 

at 906-487-2902 or email jpolzien@mtu.edu. 


