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players with the most experience using educational games were the most positive. 

This arguably means that the participants that are neutral now will turn positive 

once they get more experience with the technology. If we combine the positive and 

neutral testers we reach 80.3% which is better than the 80% goal. While this might 

be stretching the positiveness of neutral answers too far, it is worth noting that 

more exposure appears to increase positiveness. Overall the testers are positive to 

using the application over normal studying, but not quite as positive as we had 

hoped. 

NFR4: Enjoyment II, High priority, 70% of the users should feel that time-shifted 

multiplayer gives the same enjoyment of a game compared to real-time multiplayer 

alone. 

In Research Question 1.2 we looked at the testers enjoyment when playing real-

time multiplayer compared to time-shifted multiplayer. We have used the results 

from Figure 9. 10 and transferred it to a percentage distribution where the testers 

agreeing counts towards real-time, the testers disagreeing counting towards time-

shifted and neutral towards neutral. 

 

Figure 9. 30: Preferred type of multiplayer. 
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The results are not quite what we hoped for. As we can see in Figure 9. 30 there is 

a slight overweight, 61.5%, of testers liking real-time multiplayer the most, next 

comes neutral at 30.8% and last time-shifted with 7.7%. This shows that real time 

multiplayer is preferred by most, which makes sense, but there is also some hope 

for time-shifted multiplayer. With 30.8% showing no preference and 7.7% 

preferring time-shifted multiplayer. It is important to note that time-shifted 

multiplayer will not necessarily take over real-time multiplayer, but rather become 

its own type of multiplayer genre.  

NFR5: Maintainability, Low priority, The source code should be divided into 

appropriate classes dependant on their corresponding view.  

To keep the code easily maintainable, every view, that is the different pages on the 

application, is divided into three parts. The java backend that communicates with 

the database and handles most of the functionality, the front end written in HTML, 

CSS and JavaScript that handles the user interface, and the Interface class between 

them handling communication between them.  

The classes in the view only effects that view, and, with the exception of the Parse 

Receiver support class, no other classes than those within the view affects it. This 

separation allows for easy extendibility and bug fixing as an issue in a view must 

be within the classes constructing it. 

9.5 GameFlow Analysis 

In Section 2.4 we presented a framework for evaluating enjoyment in games. The 

creators of the framework use a score system from one to five for different 

questions within the eight criteria of the game. 

Like mentioned in Section 2.4.2 analyzing the flow ourselves is not ideal because of 

possible bias, and it is important that readers keep this in mind through this 

evaluation. Despite its flaws, we still think that the GameFlow framework will give 

insight into the strengths and weakness of our application giving a clearer view of 

what improvements can be done to improve it. 

Our analysis will be based on the answers from the questionnaire and the tests to 

be more precise than just using our subjective opinion. 
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Another thing to  keep in mind  is that our game is very simplistic, while the 

framework is designed for all types of computer games, some significantly more 

complex than ours. Because of this, some of the criteria are not well fitted for 

analyzing our application. The criteria will be presented written in bold and our 

analysis in plain text. Every criteria will be given a score between 0 and 5 as 

discussed in Section 2.4.2, the results for all the criteria in a element are then 

normalized creating the score for the element. 

9.5.1 Concentration 

Games should require concentration and the player should be able to concentrate on 

the game. 

Games should provide a lot of stimuli from different sources. 

We use several sources of stimuli in our game. In the quiz we use sounds and 

textual notification when players answer, a graphical bar indicating how much 

time they have left to answer, and a textual display of the question and answers. 

In the score screen we show the top players and a simple chat for the players while 

they wait for the next question.  

However, the game fails to give the players anything to do after answering a 

question other than waiting for the other players to answer and the timer to run 

out.  

Score: 3/5 

Games must provide stimuli that are worth attending to. 

All the stimuli in the game are there to give the players information. The sound 

indicates when players answer, the textual notification lets them know who it was 

and the timer gives information about how much time they have left to answer. 

In the score screen the high score and their own score give them information about 

how they are doing compared to the top players, and the chat allows them to do 

simple communication with their opponents.  

Score: 5/5 
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Games should quickly grab the player's attention and maintain their focus 

throughout the game. 

In all the tests, the players appeared to become immersed in the game once the 

lobby countdown told them that the game was about to start. For the most part, 

the players remained focused on the game, but would often lower their phones if 

they answered a question early, and had to wait for the question timer to run out. 

This was especially noticeable in the pre-test, where the participants was a group 

of friends that would talk and laugh up to the point where the quiz started and 

then remain in quiet concentration on the game for the duration of the test.  

Score: 3/5   

Games should have a high workload, while still being appropriate for the 

players perceptual,  cognitive, and memory limits. 

The workload of the game largely depends on the difficulty of the questions and as 

such can be fitted to the target audience. Looking at the SUS results we find that 

the participants found the game easy to use indicating that they did not find the 

amount of stimuli overwhelming. However, there did appear to be some down time 

for the players that answered quickly, as they would just sit and wait for the timer 

to run out 

Score: 3/5  

Overall score: 14/20 = 3.5/5 

Players should not be distracted from the tasks they need to concentrate on 

This criteria, while somewhat relevant, would give a false impression because of 

the simplicity of our application. In the researcher's original presentation of 

GameFlow, this criteria referred to the game forcing you to do tasks other than the 

main task you wanted to focus on. An example from real-time strategy games was 

having to leave the battlefield to create more units. In our game, there isn't enough 

complexity for  these types of extra tasks to exist, which would give us an unfairly 

high score. 
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9.5.2 Challenge 

Games should be sufficiently challenging and match the player’s skill level. 

Challenges in games must match the players skill levels. 

The challenge in the quiz depends on the difficulty of the quiz. When used for 

education, it will be up to the quiz creator, most likely the lecturer, to create 

questions at an appropriate difficulty level.  

Score: 3/5 

Games should provide different levels of challenge for different players. 

Same the answer to the criteria above. The game contains no automatic way of 

adapting the difficulty to players of different skill level. While this could have been 

done using methods described in Section 2.3.4 under Dynamic Difficulty, using 

correctness and answer speed as metrics, it was not necessary for the tests we 

wanted to perform.  

Score: 3/5 

The level of challenge should increase as the player progresses through the 

game, and 

increases their skill level. 

The game has no automatic way to increase difficulty as every quiz is treated as its 

own game with no connection to the overall performance of the players.  

Score: 2/5 

Games should provide new challenges at an appropriate pace. 

Every quiz is treated separately, and there is no overall logic to provide 

appropriate challenges. It used in education, it would be up to the lecturer to 

create new quizzes and figure out the correct pace of increasing the difficulty.     

Score: 3/5  

Overall score = 11/20 = 2.75/5 
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9.5.3 Player Skill 

Games must support player skill development and mastery. 

Players should be able to start playing the game without reading the manual. 

Not relevant due to the simplicity of the game, N/A 

Learning the game should include online help so players don't need to exit the 

game. 

Not relevant due to the simplicity of the game, N/A 

Players should be taught to play the game through tutorials or initial levels 

that feel like playing the game. 

No tutorial was created for the game to teach basic game elements. Because of the 

simplicity of the game and the controlled situation in which it would be played, we 

relied on a simple out of game explanation of the basics like how scores are 

decided etc.  

Score: 3/5  

Games should increase the players’ skills at an appropriate pace as they 

progress through the game.  

Not relevant as every quiz is treated as its own game, N/A 

Players should be rewarded appropriately for their effort and skill 

development.  

The game gives currently has no reward system, but relies on the nature of 

competition to create intrinsic rewards for the players.  

Score: 3/5 

Game interfaces and mechanics should be easy to learn and use.  

None of the participants had any problems starting or using the application. 

Looking at the results from the SUS, the users where generally positive to the ease 
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of use of the application, with "strongly agree" and "agree" being the most picked 

answers when asked if they thought the system was easy to use.  

Score: 5/5   

Overall score: 11/15 = 3.67/5 

9.5.4 Control  

Players should feel a sense of control over their actions in the game. 

This element is as a whole not very relevant for our application. The criteria for it 

are there to measure players control over their game units or avatar, and how they 

affect the game world. For a quiz game, there is no units to control or game world 

to affect, so the criteria are a poor fit to analyze our game. All the criteria can be 

seen in the introduction to GameFlow in chapter 2.4.2 The GameFlow Framework. 

9.5.5 Clear Goals 

Games should provide the player with clear goals at appropriate times. 

Overriding goals should be clear and presented early.  

Because of the simplicity of the game, this criteria is not a good fit for analyzing. 

The overriding goal of the game is to get the highest possible score. This is never 

explicitly presented in the game, but should be quite obvious to anyone playing the 

game. Looking at the SUS results we see that the participants agree that the 

application was  easy to use, and in none of the test did we get any indication that 

the participants was uncertain about what they should do. 

Score: 5/5 

 

 

 

 

 

 



132 
 

Intermediate goals should be clear and presented at appropriate times.  

Intermediate goals in our game are to answer the individual questions given in the 

quiz. As mentioned above, this should be obvious to anyone and none of the 

participants appeared to be confused about the goal. While answering correctly 

was obvious for all participants, not all the participants immediately understood 

that faster answers were preferable and that speed would influence the score. 

Score: 4/5 

Overall score: 9/10 = 4.5/5 

9.5.6 Feedback 

Players must receive appropriate feedback at appropriate times. 

Players should receive feedback on progress toward their goals.  

In the score screen, between the questions, the players are presented with their 

own score and that of the top players. This gives them good feedback about how 

the stack up against the other players and how close they are to achieving the goal 

of winning the quiz. 

The immediate goal of correctly answering question have no progression as you 

either have answered or you have not yet answered.  

Score: 5/5 

Players should receive immediate feedback on their actions.  

When answering a question the game notifies you with a water drop sound and a 

textual message that you have answered. While there is some passing of data 

involved from the click on the answer to the notification comes, it should appear 

immediate to the humans 

Score: 5/5 
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Players should always know their status or score.  

Scores are only visible at the score screen, so while answering questions players do 

not know their last score and have to wait for the next score screen to see their 

score after the question.  

While in the quiz screen, the two possible statuses a player can have is answered 

or not yet answered. If the player has answered that status is indicated on the 

selected option shown in Section 7.1.5 Question Screen. This indication should 

possibly have been made more visible, but none of the participants commented, or 

appeared to have problems noticing it. 

Score: 3/5  

Overall score: 13/15 = 4.33/5 

9.5.7 Immersion 

Players should experience deep but effortless involvement in the game. 

The criteria for this element are presented in Section 2.4.2 The GameFlow 

Framework and revolve around how immersed players are in the game. They are 

however very specific in their wording stating that players should become less 

aware of their surroundings and everyday worries. Measuring this would require 

us to set up some very specific user tests to answer questions that`s not too 

relevant for our research.  

Without doing such tests however, addressing the criteria would be nothing more 

than pure speculation which we feel won't add anything of value to our analysis.  

Instead we will settle for stating that the participants appeared to be very 

immersed for the duration of the quiz, and their answers in the questionnaire 

show that they prefer playing against time-shifted opponents over regular bots, 

indicating that they would be more immersed in our game than in a regular single-

player quiz game.      

Total score: Unknown. 
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9.5.8 Social Interaction 

Games should support and create opportunities for social interaction. 

Games should support competition and cooperation between players. 

Our game supports competition by providing time-shifted opponents in addition to 

other real-time players. There is no support for cooperation as every person is 

their own team competing against every other player. 

Score: 3/5 

Games should support social interaction between players (chat, etc.). 

Social interaction with time-shifting is a complicated. In Section 5.2.2 we present 

some of the problems with two-way communication when time-shifting and since 

we don't want to give away which of the opponents are time-shifted and not,  the 

same limitations have to exist for communication between real-time players. We 

do however have a simplified chat that provides communication through pre-

defined emotes which allows for basic communication without revealing if the 

players are time-shifted or not.  

Score: 3/5 

Games should support social communities inside and outside the game. 

The application has a in game friend system where you can add other players to 

your list of friends, and challenge them with quizzes you have finished. When the 

challenged accept the quiz, they will face up against the time-shifted challenger in 

addition to other time-shifted and real-time players entering the quiz at the same 

time. 

The game is missing in-game functionality to challenge your friends to a real-time 

quiz. And the only way to get to do this, is to join the same lobby at the same time.  
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There is no community support outside the game, as it is just a prototype created 

for testing purposes.   

N/A 

Overall score = 6/10 = 3/5 

9.5.9 GameFlow Total Score 

Our scores of the different GameFlow criteria is shown in Table 9.2: 

Criteria Score 

Concentration 3.5/5 

Challenge 2.75/5 

Player Skill 3.67/5 

Control N/A 

Clear Goals 4.5/5 

Feedback 4.33/5 

Immersion Unknown 

Social Interaction 3/5 

Overall Score 3.625/5 

            Table 9.2: GameFlow scoring. 

In the GameFlow framework, a score of 3 is average, so a score above that is good 

considering it is for a prototype. However we can detect a few problem areas in 

our application. The ‘Challenge’ element is our weakest part judging from this 

analysis. the main problem appears to be that we rely on the quiz creator heavily 

on the quiz creator to determine the challenge. This means that the first step in 
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improving the enjoyment of the user would be to add more mechanisms to adapt 

the difficulty. A simple way of doing this would be to have quizzes that are level 

locked, so once you can finish a quiz with a good score, a more difficult quiz 

becomes available.  

Another method discussed in [23] would be to dynamically change the difficulty. 

The obvious metric to change for the quiz is how quick the timer is, but other 

methods like allowing the participants several guesses could also be worth 

exploring.   

‘Social Interaction’ is another element where our application has scores quite low 

but this might be more difficult to improve. Like we discuss in Section 5.2.2, 

communication in time-shifted games can be very tricky, and while it surely is 

ways that the current solution can be enhanced, it will probably never be as good 

as communication on real-time games. 

In the "concentration" element, most of the weaknesses was related to the wait 

from players answered to the timer runs out. Very quick players will spend large 

parts of the game just waiting which obviously is not fun. One improvement to this 

could be to the score screen once all players have answered even if there is still 

time left on the timer. Adding a list with all the players names showing how many 

has answered at any given time might also help as the quick players can watch how 

the rest of the players are doing.  

Analyzing the ‘Player Skill’ element, we found that the game might need some 

method to explain the game mechanics. While the goals are quite obvious, how the 

scoring is not as nothing indicates to the player that fast answers are preferable to 

slow ones. While a tutorial might be too much for such a simple game, a rulebook 

or added clarity inside the game would improve the enjoyment for new players.  

The remaining elements are either not relevant or have a good enough score that 

improvements to them should not be prioritized. It should be noted that 

‘Immersion’ has not been analyzed because of the difficulty in getting solid 

evidence one way or the other and we opted not to speculate. Like mention in the 

introduction, the scoring is based on the results from the user tests, but done by 
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the us. Because of this, this analysis and the scores should be seen more as 

guidelines to find points of improvement than a measurement of quality. 
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10 Conclusion 

In this chapter we will present our conclusions for Research Question 1 in Section 

10.1, Research Question 2 in 10.2 and present our key findings in Section 10.3. 

10.1 RQ1 - How does time-shifting affect the user experience? 

One of the main questions we wanted to answer with this project is whether time-

shifting affects the user immersion and enjoyment compared to single player 

games and real time games. To try answer this we wanted to take a closer look on 

how time-shifting is perceived by people that are not familiar to the time-shifting 

term in gaming. Overall, we found that the participants were positive to time-

shifting both for educational use and as a genre. This is further discussed in Section 

9.12. 

RQ1.1 How does time-shifting affect users immersion and enjoyment compared to 

single player games? 

Time-shifting has a positive effect on the enjoyment felt by the user. As shown in 

Figure 9. 9, more than half of the participants "agreed" of "strongly agreed" that 

time-shifted opponents were more interesting than the regular AIs you would 

meet in a single player game. The rest of the participants answered that they had 

no preference and there were not a single negative answer to this question.  

RQ1.2 How does time-shifting affect users immersion and enjoyment compared to 

real time games? 

While preferable to single-player, time-shifting does not fully recreate the 

enjoyment of real-time multiplayer. As shown in Figure 9. 10, the overall trend is 

that the participants enjoy real-time play over time-shifted. Because of this, we 

believe that time-shifting should be seen as an option when real-time multiplayer 

is impossible and not as a replacement.     
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10.2 RQ2 - How difficult is it to differentiate between real-time players 

and time-shifted players? 

 

Ideally we wanted our time-shifted players to be indistinguishable from real-time 

players, and in our application we were to a large degree capable of doing this. As 

shown in Figure 9. 11, the participants had very low accuracy in correctly 

distinguishing between real-time and time-shifted players. As shown in Figure 9. 

14, most of the participants answered that they found it difficult to distinguish, 

which fits with the results. Interestingly, some of the participants thought it was 

easy to distinguish even when most of their answers were wrong.    

RQ2.1 How did players differentiate between time-shifted and real time players? 

The participants had many different methods for trying to differentiate between 

time-shifted and real-time players. While none of these methods were effective in 

our application, being aware of them will be useful when creating other time-

shifted games. One of the methods used was to look at the emotes in the chat. They 

thought that the players who were fastest to emote or sent random messages were 

time-shifted players.  

Another method related to timing was in the lobby, where some of the participants 

thought that the time-shifted players would set themselves to ready faster than the 

real-time players. During the questions, some of the participants thought that 

players that gave very quick answers would be time-shifted. As we can see, all of 

these methods are related to the timing of actions, and developers should be extra 

careful when handling this in their applications to not give away who the time-

shifted players are. The last method, and the only one that could have been 

successful, was to notice a bug in our application. This bug is explained in Section 

11.2.3 and caused the time-shifted players that answered a question incorrectly to 

always answer in the last split second before moving to the score screen. This 

proves that developers will have to be very thorough when creating time-shifted 

games as even small bugs can let players know the identity of time-shifted players 

and break the illusion of real-time game play.         
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RQ2.2 What methods are available for solving the communication problem in time-

shifting? 

As discussed in Section 5.2.2, two-way communication between players in the 

traditional sense of talking to and answering each other is completely impossible 

by the very nature of time-shifting. The first player will already have finished the 

game by the time the second player starts. This is further discussed in the 

beginning of Section 5.2.2 where we conclude that communication from the second 

player to the first one will not be possible while the first player is doing her 

playthrough.  

Communication from the first player to the second one is much simpler. Using the 

method described in 5.1.2 The Stored Input Method, we can store the message sent 

and the timing of the message and then play it when the second player reaches the 

point in the game where the message was sent.  

But there are still some limitations to how this can be done and while preserving 

the illusion of real time play. The problem is that messages that make sense for the 

first player might not in the second players play through. As an example the first 

player might say 'YES! , I won' after finishing a game with the highest score, but if 

the second player beats the score, that message is wrong and will break the illusion 

of real-time play. 

There are a few methods that can be used to solve this problem. 

Emotes 

The method we used in our application is to limit the possible messages that can be 

sent so that illogical messages cannot be sent. Instead of players writing their own 

messages, we created several possible messages that players can pick. By doing 

this, we could make sure that that situations like the one above could never 

happen as the emotes were ambiguous enough that you could not make statements 

that`s flat out wrong. This proved to be quite successful as our participants could 

use the chat to communicate, but were, as shown Figure 9. 13, not capable of 

correctly separating time-shifted from real players. 
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Dynamic Messages 

Another way to deal with illogical messages is to modify the messages so that they 

fit the situation. This could be done by modifying key words in the message. In this 

situation the "YES, I won" would be replaced by the fitting placement so the 

message becomes "YES, second place". There are two issues with this solution. The 

first is purely technical. Detecting keywords in free language might simply be too 

difficult for present day technology. 

A solution to this is to combine the dynamic messages with the emote method. 

Using the emotes to limit the language so that the keywords are known and then 

fitting them to the current situation.  

The other limitation is that when you replace parts of the message, it is no longer 

the player that said it. a person might want to say "YES, I won" but would use 

another or no message at all if finishing second. This could create behavior that is 

quite different from that of the real player and even from humans in general, 

breaking the spell of real-time multiplayer and reminding the players that they are 

not actually playing against a real person.  

How different this behavior would be and how it affects the players is something 

that will require more research. 

10.3 Key Findings 

In this chapter we will sum up our key findings from our research and what 

conclusions we think can be drawn from them. We will also discuss the 

weaknesses in our study and how they may affect our results. 

10.3.1 Efficiency of Time-shifting 

One of the questions we wanted answered in this thesis was to what extent players 

were capable to notice the difference between real and time-shifted players. What 

we discovered, and present in Figure 9. 11, is that the participants did not manage 

to do this with a high degree of accuracy. This was quite surprising to us and is 

very promising for the future of time-shifting.  
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Our game was very simple, and possibly the easiest game to create time-shifted 

behavior for, and more research is necessary to see if the results we found can be 

recreated in other genres of games. 

10.3.2 Time-shifting as a Game Mechanic 

Results from the questionnaire show that they strongly preferred time-shifted AIs 

over regular AIs with not a single participant answering negatively to it. When 

asked to compare time-shifted multiplayer to real-time multiplayer, the overall 

trend was that they preferred the real deal.  

What this shows is that replacing real-time multiplayer with time-shifted is not a 

good move to increase the player's enjoyment. Instead it should be used as an 

improvement to single-player games when real-time play is impossible or 

inconvenient. 

10.3.3 Time-shifting in Education 

When asking the participants about their views on time-shifting in education. Our 

findings, that are presented in Section 9.4 Non-functional Requirements, show that 

the overall trend is positive, but not overwhelmingly so. However there was a 

correlation between exposure to educational games and positivity towards using 

time-shifting in education. If this correlation turns out to be a causation, 

introducing time-shifting in education will cause students to have a more positive 

view once they get used to it.  

Before testing we thought that the game would be best suited for preparing for 

tests, and while the overall results show that the participants want to use time-

shifting for that purpose, the area they were most positive to was using it in 

homework. Because of this, attempts on using time-shifting in education should 

focus on this first. Using it for homework is convenient for lecturers and 

developers as well. The creation of the time-shifted players already stores and 

checks all the answers, decreasing the workload of creating the functionality and 

decreasing time spent by lecturers checking individual answers.  
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10.3.4 Weaknesses 

The main weakness of this study is the low number of participants, and the 

selection of these. While certain trends present themselves, a larger study with a 

higher number of participants would help us determining the strength of these 

trends and increasing our certainty that our findings are correct.  

The selection of participants was not random as we wanted tech-savvy students to 

simplify the installation process. This means that the trends we found won't 

necessarily hold for the overall population of students as it is possible, and maybe 

even likely, that these students are overall more positive to more technology in 

education than everyone else. This does however increase our confidence in that 

time-shifted AIs can be made indistinguishable from real-time players. Most of the 

participants in our test were IT-students which means that they are familiar with 

programming and thus should be better suited to discover programmed behavior, 

e.g. looking at join timings in the lobby etc.      

Another weakness is that the participants might not have been able to abstract the 

concept of time-shifting away from our application. This means that participants 

answering positively to the use of time-shifting in education might have been 

positive to the use of quizzes and not care whether it was time-shifted or not. 
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11 Further Development 

In this chapter we will look at the natural next steps of our application and areas 

within time-shifting that should be looked into. In Section 11.1 we will look at our 

application and the improvements that can be done to it. In Section 11.2 we talk 

about time-shifting and how it can be used in education. In Section 11.3 we discuss 

the issues revolving player interaction in time-shifted games. Section 11.4 suggests 

how games should be created to better fit time-shifting. The section, Section 11.5, 

takes a look at the communication between players in time-shifted games. 

11.1 Added Functionality 

In this chapter we will look at the improvements that can be done to our 

application. The chapter is divided into two parts. In Section 11.1.1 we will look at 

the bug fixes and fixing functionality which currently doesn't meet the 

expectations we had when we envisioned it, and in Section 11.1.2 we will look at 

functionality that currently does not exist, but could be added to improve the 

application. 

11.1.1 Possible Fixes to the Application 

Since the application was created for testing purposes, we did not prioritize issues 

that would not end up influencing the user testing. These issues could cause 

problems when the application is used outside of a controlled environment, and 

has to be resolved if the application is to be used on a broader audience. 

Multiple lobbies 

The way we currently handle communication between clients is that every lobby 

has a channel, and every player that joins the lobby automatically subscribes to 

that channel. For simplicity, every channel got the name of the lobby it was 

connected to. This creates the issue that if you join a channel that`s already in a 

quiz, you would miss out on the questions that had already been finished, and it 

would create problems in the databases score objects. To prevent this, we lock the 

lobby and channel once the quiz is ongoing, and players trying to join will be 

notified that the lobby is busy.  
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This solution worked well for testing where we would only have one quiz running 

anyway, but if the application is to be used for a bigger audience, this would lead to 

quizzes being busy most of the time.  

The best solution to this is to change how the lobbies currently work. Instead of 

having one lobby for each quiz, each quiz could spawn several lobbies with their 

own channel. This would require some sort of logic to determine when a new 

lobby is required, and when a used lobby becomes available again.  

Visual lobby bug 

Whenever someone enters a lobby, their client queries the database for every 

player currently in the same lobby and the return message populates the lobby 

with their names as shown in 7.1.4 Quiz Lobby Screen. A message is also sent in the 

channel to let everyone in the lobby know that a new person has joined so they can 

add that name to the list.  

When two players join at approximately the same time, they will sometimes get 

the person they joined with name both from the list of players before they joined, 

and from the message sent by that player. While this is nothing more than a visual 

bug that does not affect the game in any other way, it should still be fixed as it can 

happen quite frequently. 

Non-Answering bots 

This was one of the issues we thought players in the tests might be able to notice, 

and figure out who of the players were time-shifted and not. For time-shifted 

players, the scores are already in the database as they have finished the quiz 

already, and the way we get it to send the answer message at the correct time is to 

use their score for the current question and send the message when an answer 

would give you that amount of points. But if the time-shifted player had answered 

incorrectly to a question, their score for that question is 0 and to the other players 

it will look like they didn't answer at all.  
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11.1.2 New Functionality 

In this section we will discuss possible new functionality that we think should be 

added to the application, but that we did not have the time to create do to the time 

constraints of the project. 

Quiz creator 

It is highly recommended that the application has functionality to let the players 

create their own quizzes. This will greatly increase the probability that people 

actually start using the application and it greatly improves the usefulness. It can be 

used in lectures, as homework, to study for tests, at parties and so on.  

The current method for creating quizzes is to write the questions, answers, code 

etc directly into the database objects. This is only possible for owners of the Parse 

project to do, in other words only the two developers are currently able to create 

new quizzes and questions. The current architecture has questions and quizzes 

separated, so different quizzes can use the same questions, and a quiz creator 

should take advantage of this to lower the workload when creating new quizzes. 

Non time-shifted bots 

This  is closely connected to the chapter above. The way we handle bots now is that 

all of them should be time-shifted. So if you start a new quiz, everyone of your 

opponents should either be real-time players joining at the same time as you, or 

players that have finished the quiz before. 

But when a new quiz is created there will be no earlier players to use as bots.  

There are a few ways to deal with this problem. The first is to generate bots with 

random scores for the different questions in the quiz, and add them to the 

database. These bots will then be phased out as more players play through the quiz 

until they are no longer needed. 

An improvement to just randomly generating the scores is to have "profiles" for 

creating the bots. An example of a profile could be the "fast player" that answers 

quickly, but often incorrectly. 

Another and in our opinion better way to create realistic scores is to base it on 

scores from other quizzes. If the new quiz shares questions with an older quiz, the 
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bot generator could borrow real scores from those questions. If the question too is 

new, the generator could just pick a random score from a random quiz. While this 

probably won`t be a perfect solution, it will most likely give significantly more 

realistic behavior of the bots than just picking the scores at random.  

More platforms 

To improve the application even more it would be a good idea to make it playable 

on other platforms than Android. There are several benefits from doing this. The 

most obvious one is that it would reach a broader audience if PC and iPhone users 

could play the game as well. Another advantage is that the quiz creator would most 

likely be cumbersome to use on a phone if you need to create new questions. The 

possibility to do this on PCs would probably be a huge advantage. 

How much work the transition from Android and onto other platforms would take 

is difficult to  predict, but since we created large parts of the application using web 

technologies, it should be less than it otherwise would have been. The extension 

onto other platforms should not be a big issue since HTML5 works on cross 

platforms and there is a lot of frameworks that makes it easy to make responsive 

web pages, e.g. Bootstrap [32].  

11.2 Improved Education 

In our project we have studied how time-shifting affects the enjoyment and 

immersion when used in education, but not if it improves efficiency of learning. 

Competition can be a strong driving factor to improve performance in addition to 

improving enjoyment. Studying if/how using time-shifting can improve the quality 

of the education in other ways than by improved enjoyment would be interesting. 

It is plausible that the competitive factor of playing against friends and the 

convenience added by time-shifting might help students learn faster than 

traditional teaching methods. 
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11.3 Player Interaction 

Certain limitations exists in what types of games time shifting is useful for. As 

discussed in Section 5.2.2, games where players directly interact are difficult to 

time shift, and more research is required to understand the limitations and 

possibilities time shifting can have in these game genres.  

A good candidate for this is the game Rayman Legends for the Wii U console, a 

single or multiplayer co-op platformer. In this game, there were essentially two 

different roles the players could control. The main character with the usual 

platformer behavior like running and jumping, and another flying sidekick 

character controlled using the special Wii U pad to cut ropes, hold shields to 

protect the main character etc. In some levels, both characters are required to be 

present at the same time. For multiplayer games this is solved by having one 

player controlling the sidekick and one the main, but in the single player variation 

the AI would have to control one of them. The behavior of the AI would be very 

different from that of a real player as it would just follow a predefined, 

straightforward path through the level.  

What makes this game interesting in a regards to time shifting is that the sidekick 

and main characters have no direct influence on each other, but they both 

manipulate the same levels at the same time. Because of this, it would be very 

interesting to study the viability of time shifting, instead of using AI, on one of 

these characters and study how that affects the user's immersion and enjoyment of 

the game. 

11.4 Specialized Games 

In our project and Real Racing 3, the one big commercial attempt on a time shifted 

game, the method has been to take an already existing multiplayer game type and 

adding time shifting to it. These games were designed to be played synchronously, 

and while similar, time shifting and synchronous have different features. More 

research into how we can utilize the unique features of time shifting can lead to 

new game types better suited for it. This is further discussed in Section 12.3 where 

we present a simple game concept to demonstrate how this could be done. 
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11.5 Improved AI Communication 

In this project we created a small chat between questions with predefined emotes 

to emulate some of the communication done between players in real-time games. 

Saving the emotes used by the first player in a time-shifted game, and printing it 

for the next player, gives us a kind of communication, it assumes that a person 

would use the same emote independently of what other players emote and how 

their scores relate to the others. As an example, a player who had the best score at 

a question might be expected to use another emote than one that the 3rd best 

score even if the actual value of the score was the same. Since this is a plausible 

situation when playing in a time-shifted fashion, improvements to the AI to adapt 

the emotes used could be beneficial to the experience. This does however raise the 

question about how and when to do this. Correctly predicting when a player would 

use different emotes might prove to be a very difficult task, and you also have to 

consider that when you change someone`s emote, it is no longer the time-shifted 

players comment, but the comment of an AI based on that player. Possible 

solutions to this could exist, for example the emotes could be picked to avoid 

situations where they might be wrong when used in a time-shifted game. An emote 

like "YES, first place!" can be wrong in one game, and correct in another and thus 

creating this problem, but "YES, great score!" would not.  

Another alternative would be to have dynamic emotes that adapt to the scores " 

YES, happy with [Placement]". More research into how this can be done and how it 

affects the user experience is necessary to understand the consequences of these 

and other possible solutions. 

12 Future of Time-shifting 

Time-shifting in games is still very new, and few attempts on creating content 

using it exist. Only one big commercial attempt has been tried when Real Racing 3 

tried to change the landscape of multiplayer for racing games with bots based on 

the profiles of the players. This attempt was widely criticized [17] and was 

perhaps too ambitious. In this chapter we will discuss what we think could be 

situations where time-shifting could improve the gaming experience. In Section 

12.1 we discuss mobile games in general, in Section 12.2 we how AI can be used in 
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time-shifting and in 12.3 we give an example of how time-shifting can be used in a 

new type of game genre. 

12.1 Mobile Games 

We think that the real potential for time-shifted games lies in the mobile platforms 

where it can create a good multiplayer experience when it would otherwise would 

be difficult to do so. Mobile games are often played on the go, where you play a 

game while you have a spare moment between other activities. A typical example 

of this would be while waiting for the bus. This is often referred to as "dip in, dip 

out"[1] gaming where the sessions are short and happen at seemingly random 

times. For real-time multiplayer with friends to work in this situation these 

"random timings" where they want to play must happen at the same time for all 

the involved players. If they are indeed random, this is unlikely to happen.  

This is in our opinion where time-shifted games have its real potential, by 

recreating the feeling of real-time multiplayer in "dip in, dip out" games. If we look 

at the one attempt of using time-shifting in a commercial game, Real Racing 3, they 

tried to replace the original real-time multiplayer with time-shifting. This was 

criticized by many fans of the game, demanding that they added in a traditional 

multiplayer option as well. This was done in the 2.0 update for the game in 

December [6] where they allowed up to four players to compete against each other 

in real-time. 

We think this is an important sign that time-shifting should not be seen as a 

replacement for real-time multiplayer. Even if you mimic players perfectly, the 

experience of being in the same room while playing against your friends can not be 

replaced. Instead time-shifting should aim to find its place between real-time and 

single player games. Recreating some of the positive aspects of real-time while 

retaining the convenience of single player. 

12.2 AI Creation 

While not its original intention, we discovered while creating our application that 

time-shifting can be an excellent method for creating realistic AIs for certain game 

types. Since time-shiftinging a player consists of creating an AI that mimics the 

players behavior, time-shifting might have some potential in creating AIs that are 
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realistic. In Section 5.1 Methods of Creating Time-shifted Behavior, we discuss two 

different methods for creating time-shifted AIs and while the intention usually is to 

allow friends to play against each other at convenient times, these AIs can just as 

well be used against other players.  

We think that this could be particularly useful in games where the Stored Input 

Method is viable. In these types of games you can create AIs that mimic real players 

so well that they become indistinguishable from real players 

12.3 New Genres of Games 

As mentioned in Section 3.3 Time-shifted Games - Real Racing 3, the current 

attempts of using time-shifting has been to take an already popular genre and 

using time-shifting on it.  In the case of Real Racing 3 the traditional multiplayer 

was replaced by a time-shifted one. Like we discussed in Section 12.1, this is not a 

good way to utilize time-shifting. Instead game creators should try to come up with 

new games and genres that can turn the nature of time-shifting into a positive part 

of the game.  

Because of the novelty of time-shifting in games, it is hard to imagine how, or even 

if this can be successfully done, but we think that it is an area worth exploring.   

To exemplify what we mean by utilizing the nature of time-shifting positively, we 

have created this simple game concept.  

The game is a standard platformer where there are two players, one is a guide and 

the other a normal player. The guide will be a time-shifted player. The overall 

game is dark with light only circling the two players. The guide's role is to show the 

player how to get through a level in one piece. The player's goal will be to follow 

what the guide shows her, while simultaneously being a guide for the potential 

new players. 

When the game is finished the player can send the game to a new friend. In the 

new play through the previous player, the sender, will be the guide while the new 

player, the receiver, will try to follow her guidance. After the new player is done 

with her play through she can send it to another friend, and so on. While this game 
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is overly simple, we hope it will serve as a eye opener for how time-shifting can be 

a positive part of a game and not just a substitution for real-time multiplayer. 

 

 

 

 

 

 

 



156 
 

 

 

 

 

 

 

 



157 
 

 

 

 

Part VI 

Appendix  

 

 



158 
 

 

 

 

 

 

 

 

 



159 
 

Appendix A - User Data 

 

Raw Data 

 

Gender Age What kind of 

connectivity 

did you use 

during the test? 

How many 

hours do 

you spend 

playing 

mobile 

games per 

week? 

What genre 

of mobile of 

games do 

you play? 

Male 25 4G 0 

 
Male 24 WiFi 2 chess 

Male 25 WiFi 1 

Puzzle, 

Trivia/Quiz 

Male 25 4G 2 Strategy 

Male 23 WiFi 1 

Casual, Puzzle, 

Strategy 

Female 24 WiFi 1 Puzzle 

Male 24 4G 0 

Arcade, 

Trivia/Quiz 

Male 24 WiFi 0 Trivia/Quiz 

Male 23 4G 2 Puzzle 
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Male 25 WiFi 1 

Arcade, 

Casual, Puzzle, 

Trivia/Quiz 

Male 32 WiFi 0 Strategy 

Male 27 WiFi 10 Card 

Male 22 WiFi 0 Strategy 

Table A.1: General user data. 
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Table A.2: Opponent classification. 
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It was easy to 

distinguish 

humans from 

AIs. 

How did you distinguish between 

humans and AIs? 

Do you have 

any ideas on 

how to 

improve time-

shifting in 

games? 

Agree They taunted/talked a lot 

Don't make the 

AIs so eager 

Neutral difficault no 

Disagree Pure instinct 

 

Strongly agree I remember 

 

Disagree Random chat messages 
 

Strongly 

disagree By guessing 

 

Strongly agree 
  

Disagree First to ready up 
 

Strongly 

disagree Didnt heff a chance! 

 

Disagree Virket som ai kanksje var litt delayed No 

Disagree 

Jeg gjettet ut i fra scoor. og hvem som 

satt seg som "klar" først 
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Strongly 

disagree 

At the last milliseconds all the bots 

vote and you can see it, though I hadnt 

had a paper to write it down and my 

memory is a mess. Finally I just 

thought that the bots were the best 

players on my quiz. 

Didn't know it 

existed until 

now. 

Strongly agree Instant answers/responses no 

Table A.3: Difficulty distinguishing opponents. 
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Game experience 

 

I find it 

annoying 

waiting 

for my 

opponent

s turn 

when 

playing 

turn 

based 

games, 

e.g. 

Wordfeud

. 

I find 

difficult 

to find 

friends 

to play 

real-

time 

games 

with, 

because 

we are 

not 

availabl

e at the 

same 

time. 

The game 

experienc

e is better 

when I 

know that 

the AI is 

based on 

real 

players. 

I find it 

more 

interestin

g to play 

against 

time-

shifted AI 

than 

regular AI. 

I enjoy the 

game more 

when I play 

real-time 

multiplayer 

than time-

shifted 

multiplayer

. 

Neutral Neutral 

Strongly 

agree Neutral Neutral 

Neutral Agree Agree Agree 

Strongly 

agree 

Neutral Disagree Neutral Neutral Neutral 

Strongly 

disagree Neutral 

Strongly 

agree Agree Agree 

Agree Disagree 

Strongly 

agree 

Strongly 

agree Agree 
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Neutral Neutral Neutral 

Strongly 

agree Agree 

Disagree Agree Agree 

Strongly 

agree Agree 

Agree Disagree Agree Agree 

Strongly 

agree 

Disagree Disagree Agree 

Strongly 

agree Neutral 

Agree Neutral Agree Neutral Neutral 

Neutral Agree Disagree Neutral Disagree 

Disagree Neutral Disagree Neutral 

Strongly 

agree 

Strongly 

agree Disagree 

Strongly 

agree Neutral 

Strongly 

agree 

Table A.4: Game experience part I. 
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I am 

experienced 

with 

educational 

games. 

I would like 

time-shifted 

games to be 

part of my 

everyday 

school life. 

I would like to 

use time-shifted 

games to 

prepare for 

tests/exams. 

I would like 

time-shifted 

games to be 

used for 

homework. 

Disagree Agree Disagree 

Strongly 

disagree 

Disagree Disagree Disagree Disagree 

Disagree Neutral Agree Agree 

Disagree Agree Agree Agree 

Agree Neutral Agree Agree 

Agree Neutral Disagree Neutral 

Agree Agree Neutral Agree 

Neutral Agree Agree Agree 

Agree Disagree Strongly agree Strongly agree 

Disagree Agree Agree Agree 

Disagree Neutral Neutral Disagree 

Agree Neutral Strongly disagree 

Strongly 

disagree 

Neutral Agree Agree Agree 

Table A.5: Game experience part II. 
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System Usability Scale 

I think I 

would like 

to use this 

system 

frequently

. 

I found the 

system 

unnecessaril

y complex. 

I 

thought 

the 

system 

was 

easy to 

use. 

I think 

that I 

would 

need the 

support 

of a 

technica

l person 

to be 

able to 

use this 

system. 

I found the 

various 

functions 

in this 

system 

were well 

integrated

. 

Strongly 

disagree Agree 

Disagre

e Disagree Disagree 

Disagree 

Strongly 

disagree 

Strongly 

agree 

Strongly 

disagree Agree 

Neutral Disagree 

Disagre

e 

Strongly 

disagree Neutral 

Neutral 

Strongly 

disagree 

Strongly 

agree 

Strongly 

disagree Neutral 

Neutral Disagree 

Strongly 

agree 

Strongly 

disagree Agree 

Disagree Neutral Agree 

Strongly 

disagree 

 

Neutral 
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Agree Disagree Agree 

Strongly 

disagree Neutral 

Agree 

Strongly 

disagree Agree 

Strongly 

disagree Agree 

Disagree Disagree Agree Disagree Disagree 

Agree 

Strongly 

disagree 

Strongly 

agree 

Strongly 

disagree Agree 

Neutral Neutral Neutral Disagree Agree 

Disagree Disagree Agree Disagree Agree 

Neutral Neutral 

Strongly 

agree 

Strongly 

disagree Neutral 

Table A.6: System Usability Scale part I. 
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I thought 

there was 

too much 

inconsisten

cy in this 

system. 

I would 

imagine 

that 

most 

people 

would 

learn to 

use this 

system 

very 

quickly. 

I found the 

system very 

cumbersom

e to use. 

I felt 

very 

confide

nt 

using 

the 

system. 

I needed 

to learn a 

lot of 

things 

before I 

could get 

going 

with this 

system. 

Neutral Neutral Neutral Agree Disagree 

Neutral 

Strongly 

agree 

Strongly 

disagree 

Strongly 

agree 

Strongly 

disagree 

Neutral Agree Disagree Agree Disagree 

Strongly 

disagree 

Strongly 

agree Neutral Neutral 

Strongly 

disagree 

Disagree Agree 

Strongly 

disagree Agree Disagree 

Disagree Neutral 

Strongly 

disagree Neutral 

Strongly 

disagree 

Neutral 

Strongly 

agree Disagree Agree 

Strongly 

disagree 

Strongly 

disagree 

Strongly 

agree 

Strongly 

disagree Agree 

Strongly 

disagree 
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Agree Agree Neutral Neutral Disagree 

Disagree 

Strongly 

agree 

Strongly 

disagree Neutral 

Strongly 

disagree 

Neutral Disagree 

Strongly 

disagree Neutral Neutral 

Neutral 

Strongly 

agree Neutral Neutral Neutral 

Strongly 

disagree 

Strongly 

agree Neutral Neutral 

Strongly 

disagree 

Table A.7: System Usability Scale part II. 

 

 

 

 

 

 

 

 

 

 

 

 



174 
 

Other 

Final comments on time-shifting, the testing, the application, etc. ? 

Easy to use 

No 

Fox error of timeshift has stoppes randomly. Other wise good 

Jeg fant det vanskelig å skille time-shifted AI og realtime-spillere. I lobbyen så var 

det to-tre som var pålogget da jeg kom inn, men så dukket det plutselig opp to rett 

etterpå. Hvem av disse var time-shifted? Who knows!? 

I don't know if the last ms bot voting was a trick if not, maybe you should emulate a 

normal one. 

Worked fine other then the crash 

Table A.8: Final comments. 
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Appendix B - Test Descriptions 

B.1 First Test at NTNU 

The first test was conducted on participants from the course TDT4240 Software 

Architecture. Unfortunately we underestimated how difficult it would be to attract 

students during the exam period, and only two of the course students signed up for 

the test. To make matters worse one of the participants didn`t show up for the test 

and so we ended up testing on only one person this day. It would obviously be very 

easy to separate time shifted and real-time players if you are the only participant 

so we, the researchers, stepped in and participated in the test with him. The 

participant was not told if both, one or neither of us where in the quiz with him to 

avoid him using this information to decide how many of the players where real 

time and time shifted.  

B.2 Second Test at NTNU 

Since it was proved difficult to attract participants from the Software Architecture 

course, we decided to look elsewhere as well. The second attempt to get 

participants was to contact other computer science master students. We managed 

to get two more participants for this testing session.  

This session ran smoothly with no issues. 

B.3 Test at UiO 

The next test was conducted at the University in Oslo on four computer science 

students from that university. While installing the application we ran into an issue 

with Dropbox for android phones. Two of the participants had phones that would 

give them a 403-forbidden error when attempting to download the application 

through Dropbox. The error would only happen in certain web browsers, and 

could be resolved by deleting the Dropbox cookies in them, but since this was our 

first time experiencing this problem, we were unaware of this solution. Instead we 

solved the issue by transferring the apk file, which is the installation file for 

android application, directly from one of our computers. 

In the pre-test, we discovered an issue where the quiz could crash if one of the 

participants didn`t answer. After this was discovered, we fixed the issue and 
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uploaded the new version to Dropbox. Unfortunately, the application we had on 

the computer used in the testing did not have the updated version since we 

intended the participants to use the version on Dropbox. This lead to the two 

participants that got the application from the computer had a version where this 

issue had not been fixed, and at the 7th question one of the participants didn`t 

answer and the application crashed for these two participants. With only three 

questions left, we decided not to redo the test as we considered the 7 questions to 

be enough time to get a good impression about how time shifting would work. 

After the quiz, the participants were given the questionnaire. 

B.4 Online Test 

In our testing thus far, none of the participants had been able to efficiently 

distinguish between time-shifted and real-time players. So for the last test we tried 

to get participants that we thought would be well suited to discover differences. 

The two participants in this test was a full-time developer and a student who plays 

computer games competitively for one of the biggest teams in Norway. Our reason 

for testing on these participants was that we wanted to see what methods they 

would use to distinguish between players. Only a few of the participants we had 

tested so far had a method for trying to do this, and we hoped that the current 

participants would give us more insight into how exposing a time-shifted player 

could be done. They would also serve as a good test to see if it is as difficult to 

distinguish as our results so far has implied.  

Unlike the other tests, this one was not performed at one location. The two 

participants performed the test from their home, with no contact with each other. 

Because of this, they had no way of knowing how many of their opponents were 

playing in real-time and how many that were time-shifted. This was also the first 

test were one of the participants used a tablet instead of a phone. 

When starting the quiz, the tablet user encountered a crash and we were forced to 

restart the quiz. What caused this crash is difficult to know since he was not at the 

same location as us, but since he could not re-enter the application until the quiz 

was finished we speculate that it might be connected to the Parse channels we use 

for communication. Another possibility is that it had something to do with him 
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using a tablet and not a phone. The development and testing was done on phones 

and while it theoretically shouldn't matter, it is a possibility to consider.  

After restarting the quiz, everything ran smoothly until the finish and the 

participants were given the questionnaire to answer. 
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Appendix C - Questionnaire 

 

Figure C. 1: Questionnaire part I. 
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Figure C. 2: Questionnaire part II. 
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Figure C. 3: Questionnaire part III. 
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Figure C. 4: Questionnaire part IV. 
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Figure C. 5: Questionnaire part V. 
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