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Abstract

This study tested the effects of different inteelon players’ performance in racing
games. Participants raced each other on threeehtfeonfigurations, a PC with a keyboard, a
PC with a gamepad, and a PlayStation2 with a gachdparticipants switched setups after each
race. We found a slight advantage in performanceeasured by lap time, mean speed, and
place, when using a gamepad over a keyboard. lregrexperience, and skill had a much larger

effect than the interface.
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1. Introduction

Our goal for this project was to determine theetileness of various control schemes on
players’ performance in games. An answer to thestjan would be useful for people who play
games as well as the people who develop them. Amsgvihis question may help consumers to
choose gamesthat are well suited to the partiqidaform they own. Players enjoy games that
they can do well at, and where using the contsoi®ot the primary challenge. Knowing how the
interface affects player performance may also Helgelopers by providing them with
information on how to make their games more enjte/étheir customers.

As most games are controlled by either a gamepadkeyboard, thoroughly testing
these two interfaces would be useful to study. Bniyi, most games are played on a personal
computer or a home console, and we wished to carthase different platforms as well. We
were able to separate the effects of platform ftloose of the physical interface by hooking up a
console’s gamepad to a personal computer using@adized adaptor. This allowed us to have
three configurations: one with a home console,witle a personal computer, and one with a
personal computer with a console’s gamepad.

We wanted to use a popular genre to have the mp$itable results, and so we settled
on racing games. This had additional benefitst gave us performance statistics for both
personal performance, such as lap time, as we#lasve performance, such as the place in
which the participants finished. In order to géaia view of player performance among these
setups, we determined that we would need a ra@ngegvhere a player on a console could race
against a player on a personal computer. Havirggfiature allows for a much more accurate
comparison of the data between the two platformasadcomplish this, we bought several copies

of the gamé\eed for Speed Undergroural popular racing game on many platforms published
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by Electronic Arts. This allowed us to have a Playin 2 race against two personal computers
simultaneously.

To collect participants, we sent out a basic suteeypany WPI students asking them
about their game-playing habits and whether theylgvbe willing to participate in our study.
We used the results from this survey to arranggggaants into groups of three so that the skill
and experience levels of the members of each gnamwbd be as similar as possible.

In order to minimize the effects of variations maividuals’ skill levels, every participant
raced on each of the configurations. Each raceistealsof three laps around a basic track with
all of the participants using the same model cathA conclusion of each race, we recorded the
statistical information about each player’s perfante, such as average speed, each lap time,
and their place relative to each other. We hag#racipants rotate through all three testing
setups, recording statistics after each race. @mgreup had rotated through all of the testing
setups, we had them fill out a post-survey to abitadre demographic information as well as
participants’ impressions of the interfaces theg haen using.

From the analysis described in Section 4 of thisudeent, we found several interesting
trends. On average, participants were able to daster when using a gamepad as opposed to a
keyboard. Similarly, participants’ lap times weoe, average, lower on the gamepad than the
keyboard, but this could not be proven to be steaiy significant. The platform, whether the
participants were using the PlayStation 2 or the®€not have a significant effect on player
performance. The interface had more of an effettil&\bther factors, such as previous
experience, had a larger effect, the interface tage an effect on player performance. The
results suggest that the gamepad is a superiorotientfor racing games.

In Section 2, we discuss some previous researct ithathe area of game interface
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performance, and give some backgroundNeed for Speed Undergrouna Section 3, we
explain our experimental procedure in detail. lotid® 4, we report and analyze the results of
the study. In Section 5, we discuss possible fuaieas of research to explore that come out the
study. In Section 6, we present our overall conchson the project.

Appendix A contains the forms and surveys usedmdacting the experiment.
Appendix B contains the participants’ responseatégore and post surveys. Appendix C

contains a table of the racing results.
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2. Background

2.1 Research
There has not been much research explicitly comgdhe performance of users playing

on different platforms, but there has been somearet comparing the performance of various
input devices for games. Of particular interes€asakli and Thorne's "Usability Study of Input
Devices on Measuring User Performance in Compusené&s.” They compared the performance
of two experts and two novices playing with keylahamouse, and joystick. The games played
wereNeed for Speed,lhn arcade racing game, dRdcer a realistic driving simulator. They
found that the users performed better with the kayth on the fast-pacédieed for Speed,ll
whereas the joystick was more effective for thevelopaced, precisioRacer They concluded
that the best type of input device varies greaith wach game. They also found that the novices
made fewer errors with the discrete keyboard inghich was easier to pick up, while the
experts benefited from the extra control that tha&l@g input devices could provide. This
research is useful, as it provides some backgréamcbmparing input device performance,
although the experimental procedure is quite deffierThe fact that racing games were tested

makes the study even more relevant (Kavakli andidjo

Another study (Klochek and MacKenzie) looks atglaene input performance from a
more explicitly HCI perspective. The study compattesl performance of a computer mouse with
that of an Xbox gamepad in performing tasks assediaith first-person action games, such as
tracking a target or moving at a constant veloditygeneral, the mouse performed better at the
tasks, since the first-order control and small emafymotion of the gamepad analog stick limits
its speed and precision. While the experiment igeglifferent from ours, its direct comparison

of PC and console input devices is of some value.
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2.2 Previous Work
The previous year's IQP in this vein studied tegrde to which tutorials helped players.

Participants played a level dhief. Deadly Shadows first-person stealth game. Half of the
participants took a tutorial before playing, andf dal not. Their playing was recorded on video,
and later analyzed. They found that the tutorigpée a great deal, increasing the stealthiness of
the players, and reducing the number of lives reguio complete the level. They also found that
the players who used the tutorial tended to ussdge basic playing style, whereas those who

did not use the tutorial were more diverse in tp&ying styles.
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2.3 Need for Speed Underground: Game Background
Need for Speed Undergroundkveloped and published by EA (Electronic Anpsls

players against each other or the Al in a high dpaeing game. EA has released 14 different
games in the Need for Speed series for the PCfilddiggame wag he Need for Speedhich
was released for the 3DO in 1994, and was latéeg@do the PC in 19984any of these titles
have been released for other systems includingSeddéipn, PlayStation 2, PlayStation 3,
Gamecube, Nintendo Wii, Xbox, Xbox 360, and sevetiaérs Need for Speed Undergrouisi
the first game in the Need for Speed UndergrounéseTlhere are versions of the game for
PlayStation 2, Xbox, PC, Gamecube, and Nintendo DS.

The biggest portion of the game is Career Modeghvivas not used in our testing.
Career Mode allows the player take on the rolenafirrderground race driver. The player can
win races to earn money and then uses the mortayytéaster cars, which can then be used to
win tougher races. Players can also race againgpater controlled players in several different
race modes such as circuit race and drag racegvehedriety of cars are already unlocked for
the player to choose from. The racing mode we firedur experiments was the circuit race,
where players race a preset number of laps aronmaba

We used the multiplayer feature where up to foay@ils can race against each other in a
game where the map, number of laps, and the caglosied by each player can be chosen before
the start of the race. The driver must finish thespt number of laps before the other drivers in
order to win the race. The driver has access tthalbasic controls of driving a car including
acceleration, braking, steering, emergency brake raverse. In addition, the player can control
several different camera views including two diéfet first person views, one which looks out
the front window and the other which looks out teéar window, and two different third person

views, both following the car at different distaace
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We choseéNeed for Speed Undergroubécause we wanted to test player performance by
having players race against one anotNered for Speed Undergrourgdone of the few games
that allows players using different platforms tonpete. Competition helps drive the test
subjects to perform their best on each test inphus should increase the accuracy of the data
collected, and hopefully clearly indicate whicherrfice is the best for racing performance. The
online circuit race feature dfeed for Speed Undergrouatso allows for a completely fair
racing environment. All players may choose the saetecle and there is no oncoming traffic so
a player’s performance is based entirely on hisewrskill level. The use of competition in a fair
environment led us to choobkeed for Speed Undergrouad our testing game for analyzing

player performance on different interfaces.
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3. Experimental Approach

3.1 Overview
In order to evaluate the effectiveness of thercbmtterfaces on player performance in

the gameéNeed for Speed Undergrouynsle used a survey to evaluate and group partitspéivie

did not reject any participants who were willingp@rticipate, but we did realize that the results
could be influenced by participants with differéatels of ability playing each other. Thus,
participants were grouped with those of similaedasgkill. In order to test the effectiveness of the
different interfaces, we determined that threesetuere required. We also determined that an
additional survey after the study would help usapture player impressions of the different
information as well as gaining demographic infonoathat would help us to organize the data

and isolate any outside factors.
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3.2 Pre-Screening
We selected participants through the use of quastioes. The primary goal of these

guestionnaires was to get volunteers for the expart. Other questions were designed to get a
sense of the person's experience with differerdgdygd games and platforms. We used this
information to place participants in groups witharis with roughly similar experience. For
example, we tried to put participants who ratedr thlall in racing games as being low in the
same groups whenever possible. This helped to ptéive difference in abilities from
completely overwhelming any effect the interfaceyrhave had. The surveys were distributed
solely among students at WPI in several ways. Wene given out at meetings of the Game
Development Club and several IMGD (Interactive Meaind Game Development) and
Psychology classes that were in session. As weatelll the surveys, we screened out the people
who did not want to participate, and grouped tist bg their self-rated skill. Each group was
then e-mailed a list of times they could choosenfto take part in the experiment. When three

participants filled a slot, we scheduled the timd performed the experiment.
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3.3 Experiment Setup
In order to test the effectiveness of multiple cohschemes in a realistic environment,

we divided participants into groups of three. Wpessible, we formed groups of similar
experience levels, as closer races show cleargitsdxtween control interfaces. Due to space
requirements, we set up all three systems in thee saom according to the layout below. On the
left, we placed a TV that had a PlayStation 2 ctinsooked up to it. On top, we used a laptop
that had an adapter to connect a second PlayStadidroller. On the bottom, we had a desktop

PC with a standard keyboard interface.

£ P
p

D

Figure 4-1: Experimental Setup
In order to get the best results, we tried togat conditions under which consumers
would play each platform and keep all other facemygal as much as possible. To this end, the
PlayStation 2 was hooked up to a traditional CRé@vision screen, while the laptop and desktop
relied on LCD. The two computers were roughly eglewnt in specification, and did not have
noticeable problems running the game. Due to ther@@f the game, all of the systems had to

connect to Electronic Arts' (EA) servers via theeinet, so no station was at an advantage or
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disadvantage for being the “host” machine.
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3.4 Conducting the Experiment
Upon arriving at the testing site, participantsevendomly assigned to each station.

Participants were then informed that they woulglaging the gaméleed for Speed
Undergroundagainst one another, and asked to do their bash Rarticipant was given a sheet
with the controls for each console and given ashtume as they wished to review their
controls. When all participants were ready, we bega race. Each race was a timed challenge
consisting of three laps around the 'downtownkiragth all participants using a basic Mazda
RX-7 car. This made sure that no participant wamahherent advantage. The car is relatively
slow but had good control, to make it easier onpidaicipants. At the end of each race, we
recorded all of the in-game stats for each playeowr results sheets (see Appendix A.2), before
asking the participants to rotate clockwise tortbgt setup. We would ask them to review their
new controls, giving them as much time as theyrdddvefore starting the new race. During each
session we ran three races to ensure that altjpamits had a chance to race with all three
control interfaces.

After the third race, we asked participants todilt a post-survey about their experiences
(see Appendix A.3). This was in order to captuegrtbpinions of the different interfaces and
their impact on the game, as well as data on hew #xperience might affect their behavior in
the future when it comes to purchasing video gamefore any of the participants left the room,
we asked them not to talk about the specifics eftdélsting (such as what game we used) to their
peers to ensure that future participants did neélsachance to practice the game. As
compensation for their time, participants weretewito take some candy as they left and
thanked for their time. The psychology studentsengyen a bonus on their course grade for

their participation.
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3.5 Post Survey
While we had the statistical data, we also wantecbmpare the participants’ preferences

and overall impressions of the different platforafier playing. We created a post-survey for the
participants to complete immediately after the tasind of testing. Participants were asked to
rate each of the platforms on the interface's éffexess, the ease of learning the controls, and
the participant's experience with the controlgeriace effectiveness and ease of learning the
controls directly measures their experience inngstThe survey also asked what factors were
most important to buying a game, how many hoursygek are spent playing games, and how
many different racing games have been played. llizjnbasked which platform the participants
would play it on and why. This would give us feadk that could not be acquired statistically,
or that could have been missed.

We also wanted to compare their actual performanceach interface to how well they
thought they performed on each interface. It issgae to prefer one interface over another
while still performing better on the less prefernetérface. For example, a person may prefer to
play a first person shooter on a console as theysaally relax on a couch or a more
comfortable chair and use a bigger screen as caupara PC where they are in a chair using a
smaller screen. If this was the case for most geajplvould be in the developers’ interest to
make the game for the console even though perfaenaas generally better on a PC. A post

survey allows us to compare performance and prederan case they did not match up.
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4. Data Analysis

4.1 Analysis Techniques
To analyze the data from the experiment, we useahR®pen source software package for

statistical computing and graphics (R Foundatidhge main technique used for measuring
effects was analysis of variance (ANOVA), whiclaispecialization of linear regression which
uses discrete categories as independent varidbildd @nd Hole, chapter 6). Since the same
subjects raced with different interfaces, repeatedsures ANOVA was used, which takes this
into account. The results of the ANOVA are repoisdollows:F(degrees of freedom of effect,
degrees of freedom of error) = mean square of tifife@an square of error. Tipevalue, or the
probability that the variance observed happenedbgiom chance, is also givenpAvalue of
less than 0.05 is generally considered to be statily significant. Pearson’s correlation was

also used to find effect sizes. Mean and standaod are abbreviated &8 andSErespectively.

Some of the graphs in this section are box andk&hidiagrams, which may bear some
explanation. The boundaries of the box representitst and third quartiles of the data. The bar
in the middle of the box is the median. The whiskextend to the'sand 9%' percentiles. Any

individual points are outside of th& &nd 9%' percentiles and are possible outliers.

In the lap times and mean speed, there were addiers that differed considerably from
the rest of the data, and greatly skewed mucheot#étculations. Since the distributions of lap
times and mean speeds are skewed, outlier tectsimpsed on a normal distribution could not
be used. Instead, values were considered outlidrey were more than three times the
interquartile range away from the first and thirchgiles (NIST Information Technology
Laboratory). Using this technique, one outlier frima mean speeds and two outliers from the

lap times were removed.
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4.2 Demographics
There were 9 females and 27 males who participatedr experiment (Figure 4-1). This

high ratio of males to females is due to a numibéaaiors. Participants were students at WPI,
which has a population of 23% females and 77% pe¢moales. The surveys were also
distributed at IMGD (Interactive Media and Game Blepment) classes and meetings of the

GDC (Game Development Club), which are mostly male.

Number of participants
15 20 25
|

10

Female Male

Gender

Figure 4-1: Gender of Participants

As shown in Figure 4-2, the participants had a wateye of majors. The majors with the
most people were IMGD and CS (Computer SciencereSmany of the participants were

gathered at IMGD classes and GDC meetings, thisesdration is not surprising.
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Number of participants

BB BC BME CE CHE cs ECE IMGD IMGD/CS  MAC ME ME/TC MIS PH

Major

Figure 4-2: Major of Participants
The participants were all of typical college agaging from 18 to 28. 20 years old was

the most common age, and there is a skewed ridgjrgH@ped curve as seen in Figure 4-3. This

is highly representative of the college populatom participants were drawn from.

10

Number of participants

18 19 20 21 22 23 26 28

Age

Figure 4-3: Age of Participants
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4.3 Performance by Interface
The purpose of this study has been to determineftkets of the interface on players’

performance in racing games. Participants each tiised different set-ups: a PlayStation 2 with
a gamepad, a PC with a gamepad, and a PC withte&ey. Analysis of variance for all of our
measures of performance has shown that the acadline that ran the game did not have any
significant influence on the players’ performaneer; has there been any interaction between the
effects of the machine and the controller used sThyaminations of the effect of the interface
shall concentrate solely upon which controller wasd. Performance is measured with three

different metrics: finishing place, lap time, anéan speed.

Initial tests suggested that players tended tcop@rbetter on the gamepad. As testing

progressed, this trend became clearer.
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Figure 4-4: Lap Time versus Interface

Lap time, which measures the number of second&dfstto complete a lap, is a useful
absolute measure of performance. A race consistdays, so there are up to three lap times per
player in a given race. Of course, not everyonistiied all three laps, so some participants have
less than three lap times for a race. Figure 4edvsta boxplot of the lap times for each interface

and a bar chart showing the mean lap time for e&tform with error bars showing the
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standard error. An analysis of variance of thetiimes reveals that the difference between the
lap times when the players are using a gamepée, 16.94, SE= 0.90) and when players were
using a keyboardM = 79.48,SE= 1.34) is not quite significanE(1, 279) = 3.19p < 0.1.
Although this measure was not significantly affe¢tethers suggest that there may be an

influence.
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Figure 4-5: Mean Speed versus Interface

The mean speed is the mean speed traveled atlayex py a given race. It approximates
performance, as players who can sustain high sgeaddo finish better. However, it is not
perfect, as players can make more efficient turntale shortcuts while maintaining the same
velocity as someone who traveled farther. It i$ at§jood absolute measure of performance, and
can give an idea of how many crashes and othersattre player makes, as errors will slow
down the player. Figure 4-5 shows a boxplot ofrtiean speeds for each interface and a bar
chart showing the average mean speed for eacloptatfith error bars showing the standard
error. An analysis of the mean speed with the gaichgyd = 90.68,SE= 1.34) versus that with

keyboard M = 85.38,SE= 2.22) differed significantlyi-(1, 85) = 4.39p < 0.05.

Page 18



—

2.0
+

Mean Finishing Place (lower is better)
1.0 1.5

Gamepad Keyboard

Interface

Figure 4-6: Place versus Interface

The finishing place of the race, which measurestiérea person came in first, second,
or third in a given race, provides a useful measfigplayer’'s performance relative to the other
players in a given race. Analysis of the finishpigce shows that that the place when using a
gamepadNl = 1.92,SE= 0.09) was significantly less than when usinggdoard 1 = 2.19,SE
=0.14),F(1, 104) = 4.80p < 0.05. This suggests that participants perforbedter when using a

gamepad than when using a keyboard.

Interestingly, other factors, which had signifidgntfluenced the more absolute
measures of performance, did not have a signifiedatt upon the relative measure of place
when calculating analysis of variance. This mayigly be due to the coarse, discrete nature of

the place measure, which may hide the variatioseaduby the statistics.
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4.4 Learning Effects
During each testing session, each participant rduee times, once for each platform.

Naturally, participants performed better the méw@ytplayed because of familiarity with both
the controls of the game and the race track thatuwsad. With each iteration of racing, their

performance improved. This is clearly visible wheoking at each participant’s lap time.
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Figure 4-7: Learning Effect for Lap Time

Figure 4-7 clearly shows how the lap time decreastétseach iteration. The line on the
graph shows a linear regression of the lap timesdban the iteration. Analysis of this
regression shows it to be statistically signific&iflL, 281) = 11.81p < 0.001. A similar
improvement can be seen with the lap times withiaca, from the first, to the second, to the
third. However, since not every participant comgsedll three laps, there is a fairly considerable
survivor bias, in that those that make it to thedtkap tend to be have shorter lap times than

those who do not. The same trend can be seen whkimgj at mean speed for each iteration.
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Figure 4-8: Learning Effect for Mean Speed

Figure 4-8 shows that as participants adjustedeagame, they were able to complete the
race with a higher mean speed. The line on thehgshpws a linear regression of this trend,
which analysis shows to be statistically signific&{l, 106) = 5.837p < 0.05. This
improvement in mean speed suggests that with ¢éaction, participants made fewer errors that

would slow them down.

This effect is not as visible when looking at defermeasures, such as place. This is most
likely because place is a relative measure. Sihgagicipants improved more or less
uniformly, their relative place would not be affedt Because this improvement is symmetric,

the analysis of the effect of the interface shawdtibe affected.
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4.5 Order Effects

< Started on PC
£ Started on PC w/ Gamepad
+ Started on PS2
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Figure 4-9: Order Effects

In addition to learning effects, there is the poiisy for order effects, which are caused
by different orders in which the participants ptaythe three platforms. Figure 4-9 shows a plot
of average lap times for the three orders thaigpaints could have: PC to PS2 to PC with
gamepad, PC with gamepad to PC to PS2, and PS2 watR gamepad to PC. Surprisingly,
there does appear to be some sort of order eRadiicipants who started on the PC with the
gamepad had lower lap times on average for aletreees. Those who start on the PS2 start out
with lower lap times than those on the PC, althaotingghis reversed on the third race. This swap
can be explained by the higher average performahttee gamepad over the keyboard, but the
consistently low lap times of those who startedrenPC with the gamepad is more difficult.

One would think that participants who played whk gamepad twice in a row would have better
performance, but the opposite is true. This phemameould possibly be the result of some

experimental error.
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4.6 Previous Experience
As shown in Figure 4-10, 24 of the participants hatlplayed\Need for Speed

Undergroundbefore participating in the testing session whiehad, as reported by the pre-
survey. This had a significant impact on the obseérap times throughout the testing sessions.
Participants experienced with the gaReed for Speed Undergroustiowed a significant
decrease in lap time, as shown bel&¥, 281) = 14.303) < 0.001. Similarly, participants who

had played the game before had a significantlydnghean speedr(1, 105) = 4.715p < 0.05.

20

15

Number of participants
10

No Yes

Played NFSU Before

Figure 4-10: Previous Experience with NFSU
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Figure 4-11: Lap Time by Experience with NFSU
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Figure 4-12: Mean Speed by Experience with NFSU
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4.7 Self-Rated SKkill
Of course, the biggest factor in the players' perénce is their skill and experience. In

the pre-survey, participants rated their skill wiicing games. These ratings are not expected to
be completely accurate, as people may not be aatetrately estimate their own skill, and may
have different views of what the different ratingpresent. Figure 4-13 and 4-14 compare a

participant’s self-rated skill with their actualrpgrmance.
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Figure 4-13: Lap Time versus Self-Rated Skill vdtting Games

While the lap times for each level of rated ski guite varied, there is still a definite
downward trend in the lap times (Figure 4-13). kufldinear regression shows that lap times
decrease significantly as self-rated skill withingogames increaseis(1, 281) = 12.988 <
0.001,r =-0.19. This supports the suggestion that playis gave themselves a higher skill

rating tended to perform better. The same trendoeaseen when looking at mean speed.
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Figure 4-14: Mean Speed versus Self-Rated Skitl Riécing Games

Figure 4-14 shows a definite upward trend of mgseed as self rated skill increases,

F(1, 105) = 6.12p < 0.05,r = 0.23.

It is interesting to note that the only participamto rated himself as a five performed
quite poorly in terms of both lap time and meaneshbén fact, he had the worst mean speed for
one of his races. It seems likely that he grossrmated his abilities. These poor results at the
highest level of skill reduce the correlations bedw performance and self-rated skill
considerably. Indeed, when the fives are removesth fhe calculations, the correlation between
mean speed and self-rated skill jumps to 0.40 th@dorrelation between lap time and self-rated

skill rises to -0.26.
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4.8 Self-Rated Experience with Interface
The post-survey asked participants to rate thgaeegnce with the gamepad and

keyboard on a scale of one to five. Figure 4-15games a player’s lap time to the player’s

experience with the interface being used.
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Figure 4-15: Lap Time versus Experience with Irgteef

A linear regression of the lap times versus experevith the interface suggests that
players performed significantly better on interfatieey had more experience wil{1, 272) =
23.41,p<0.001y =-0.32. There is a similar trend for mean spéelihear regression (see
Figure 4-16) shows that players maintained higheeds on interfaces that they had more
experience withi=(1, 105) = 21.14p < 0.001y = 0.41. In both graphs, the variance among the
performances decreases as the experience incréasesuggests that participants performed
more consistently with interfaces they were mongeeienced with. These fairly strong
correlations in both measures of performance suglasa considerable portion of players'

performance is due to their experience with therods
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Figure 4-16: Mean Speed versus Experience withfente

The overall level of rated experience with thenfatees was actually quite high, with 34
out the 72 responses being fives. This is a rdéinge difference from self-rated skill in racing
games, where only one person rated himself asafigure 4-17 shows a boxplot of the
participants experience with each interface. Thellef experience with the gamepad € 4.14,
SE=0.27) was significantly higher than that witle tkeyboard ¥ = 3.25,SE= 0.27),t(63) =
2.64,p<0.01,r = 0.31. Given the rather high correlations betwibenexperience with the
interface and both the lap times and the mean spéad difference in interface experience
suggests that any benefits seen from using the gaonaver a keyboard may not be a result of
any inherent advantages in the control devicerddher simply a reflection of the participants'
previous experience with the interfaces. Indeecemdalculating the analysis of variance for the
effects of the interface on performance, the sigaifce of the effect of the interface tended to be
lower when the experience with the interface watuoted in the calculations. If this is the case,
the question is whether the results have much mgaHithe biases in interface experience

among those tested are representative of a ggmmalation, then it is of some use.
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4.9 Effects of gender
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Figure 4-18: Lap Time versus Gender

As shown in Figure 4-18, there is a significantetiénce in the lap times between the
males and females who patrticipated in the expetipk€h, 260) = 49.37p < 0.001. The males
had three times the number of participants asdhmales, so there was more statistical stability
in the males demographic. This difference in lapetis most likely attributed to factors other
than gender, such as experience. The male partisipad significantly more experience with
racing games. Of the 12 participants who had pl&@ed for Speed Undergroubéfore the
experiment, 10 of them were males and 2 were fesndlas is a 1:5 ratio of females to males
among those who had played the game before, whistore pronounced than the 1:3 ratio of

females to males among all of the participants.

These differences in experience may be a restifteopopulations from which the
participants were taken. All of the female part@ips were from psychology classes, whereas a

large proportion of the male participants were tekem IMGD classes and Game Development
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Club meetings. Thus, the prevalence of male gamdhse study may have positively skewed the

gaming experience of the male participants.
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4.11 Post-survey responses
Analysis of the post-surveys shows that there veasignificant difference between the

perceived ease with which the participants leathedhree interfaces (Figure 4-19). However,
as can be seen in Figure 4-20, participants did aaignificant difference in control
effectiveness between the platfora€?2, 102) = 4.47p < 0.05. The survey also shows that
participants as a whole had more experience witAraepad than a keyboard as a control

scheme, which could have an impact on the percesaed of use and effectiveness.

Rated Ease of Learning Controls

T T T
PC PCWC PS2

Platform

Figure 4-19: Rated Ease of Learning by Platform
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Rated Effectiveness of Controls
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Figure 4-20: Rated Control Effectiveness

The results of our post-survey indicate that mestigipants are more likely to buy
games for a home console than a PC (Figure 4-8dl)thas effect was more pronounced for
racing games (Figure 4-22). This is not surprigingn the distribution of video game sales
being so heavily weighted to the home console ndBwtertainment Software Association).
Since the question was in the post-survey, therarpat may have also influenced their

responses.

One question in the post-survey was, “If you werbuy this gameNeed for Speed
Underground, what platform would you buy it for and why (& available on PC, PlayStation 2,
and Xbox)?” The majority opinion was that the Ftgtion 2 is the platform of choice when
buyingNeed for Speed Undergroundwenty-two of the participants favored the Plagion 2
with the majority of them citing superior contralssuperior graphics. Seven participants
favored the Xbox with a few stating that they predd the controller. Six participants preferred

the PC, but only two of them cited controller prefece as their reason, and this was only
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because they were more familiar with the contrOlse person stated they would not buy the

game for any of the platforms.

Home Console PC

15 20

Number of participants
10

Platform

Figure 4-21: Most Likely Platform to Buy Games For

Number of participants
15

PC

Platform

Home Console

Figure 4-22: Most Likely Platform to Buy Racing Gasror
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4.12 Conclusions
The purpose of this study has been to test thetadfelifferent interfaces on players'

performance in racing games. The effect dependswanone measures performance. Measuring
performance by place suggests that using a gamegaghificantly more effective than using a
keyboard, and the same is true for mean speed. ¥oywgerformance by lap time only shows a
slight advantage for the gamepad and does notagivealue low enough for the results to be
considered statistically significant. Learningtloe improvement in performance from race to
race, proved to be one of the biggest factorsaygal performance. It is logical that one would
perform better with each race, as long as thesttit@mselves are not tiring. Self-rated
experience with the interface was a major factdraw well the participants performed. Those
who rated their experience higher with a givenrfiaiee tended to perform better with it. Self-
rated skill was also a factor in performance. Thibs¢ rated themselves as having a higher skill
level with racing games had a tendency to perfoetteb, although self-rated skill did not have
nearly as big of an effect as previous experienitie eontrols and the learning effect. There was
one participant that rated himself as having d Bkl of five with racing games and turned out
to have one of the worst performances of all pigiats. Had this player been eliminated from
the results, we would be likely to see self-ratet as having a much larger effect on

performance.
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4.13 Possible Sources of Error
Throughout the course of testing, some factorsecapthat may have had an undesirable

effect on the results. At the beginning of eachirigssession, we asked participants to take a
seat, but we did not randomly assign them whiclfqlian to sit at. Because of this, participants
may have chosen to sit at a platform that they viareliar with first. This is most likely not
very significant as participants at the time did krmow what the study was about, but it could

have skewed our results slightly due to addindnéodarder effect described above.

While efforts were made to ensure that all equipmaeas functioning properly at the time
of testing, a few problems did occur. The PC wiih keyboard interface would on occasion
show some signs of lag during the early parts efrite. Also, the controller that was hooked up
to the laptop was not able to be fully calibratad accasionally exhibited some signs of drift.
Sound also was not always consistent, as the voleweds of the three systems were not
equalized before beginning the race. While thes®fa are often noticed in real-world
situations, they are not qualities of the contnééiface, and thus could have introduced

unwanted effects on participants’ performance.

Finally, the participants overall have had moreegignce with using a game controller
than a keyboard. This would imply an inherent boagards the effectiveness of the gamepad.
While this is not based off of inherent advantagiedisadvantages of the interfaces themselves,
it is not necessarily a bad influence. This is lnseahese kinds of games are more popular on
the consoles than on the PC, meaning that somerbis manner is likely to occur with a

representative sample of the population.
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5. Future Work
The results of this study bring up several possioéas where future research could be

useful. While racing games are interesting to stgdwilar methods could be applied to other
genres. This could allow future researchers tongether there were inherent advantages in the
controls themselves, or if the advantages noticedpecific to the genre. Similarly, this study
focused on comparing the PlayStation gamepad tBthkeyboard, when there are a wealth of
other control schemes and platforms whose intesfaoald easily be compared. For example,
video games can be controlled not only by a gamep&eéyboard, but also by a steering wheel

controller, a joystick, mouse, a trackball, and ynathers.

With developing technologies come more and moregasptions for platforms that
often experiment with new and interesting contrsigh as the Nintendo Wii and its inertial
controllers. Similarly, many different games arengeproduced in the racing genre, each with
different levels of realism, and styles of gamepsgch of these could have an effect on player

performance, and would only be able to be testestinyies comparing multiple games.

While this study focused on the effects of inplére is also the question of the effects of
output devices for games. With increasing suppmrhigh-definition displays in the home
console market, the study of effects of screenluéisa on player performance is becoming an

increasingly important area of research.

The gamepad has both analog and digital inputtémrgg and acceleration. We did not
give any instructions on which to use, or recordcivimethod participants used. In future
studies, it would be interesting to at least reawhéther participants used analog or digital input

on the gamepad, or even explicitly create separatgps for the two options.
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6. Conclusions
In order to determine the effect that interface ba player performance in racing games,

this study used the gameed for Speed Undergrourly testing each participant on both the
PlayStation 2 and the PC versions, any inhererdaratdge or disadvantage could be determined.
In order to separate the differences between tiéopin and the interface, participants were also
tested on a PC with a PlayStation controller.

Using the statistics provided INFSUand the demographic data provided by the pre- and
post- surveys, several interesting patterns emeklyde performance can be determined either
by lap time or mean speed, most of these pattesialstiue regardless which measure was used.
Not surprisingly, a participant's individual lealexperience with the game and the interface
had a significant impact on their performance. Asiderable proportion of participants had
more experience with the gamepad than the keylduefate the study, and thus these
participants performed better when using the gachepar data also showed that there was not a
significant difference in performance between thks/8tation 2 and the PC with the PlayStation
controller, meaning that the control interface Wasprimary difference between the three game
setups. Naturally, participants performed betterrtiore they played the game. However, the
study was set up symmetrically so that the learefifgcts would balance themselves out.

Overall, we found that participants were ablerigedat a faster mean speed when using
the gamepad. There was also a trend for partigparttave faster lap times when using the
gamepad, but this was not statistically significake believe that this effect along with the
initial preferences led to the majority of partaiys stating that they would purchaseed for
Speed Undergrounfibr the PlayStation 2 over other platforms.

While some patrticipants prefer using a keyboarel tditheir previous experience, our

study indicates that gamers and developers shaoafdgames with a gamepad-based interface
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for the genre of racing games. While the reasonth®potential performance benefits of a
gamepad are not clear, the increased demand feplbased games give game developers

good reason to continue to develop for home corgaEms.
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Appendix A. Forms and Surveys

A.1 Pre-survey

Games IQP Survey

Name: E-mail:
Have you ever played the following games?mark all that apply)
Halo Project Gotham Racing
Morrowind Final Fantasy 7
Need for Speed: Legend of Zelda:
Underground Ocarina of Time
Fable Eternal Darkness:
Sanity’s Requium
Starcraft Super Mario 64
No One Lives Forever 2 Star Fox

Which platform do you play games on?

PC Console | have no platform preference

How would you rate your gaming abilities for each bthese genres?
(1 being little skill, 10 very skilled, circle thmost appropriate choice)

Role Playing Games 1 2 3 4 5
examples: Morrowind, Final Fantasy 7, Fable

Strategy Games 1 2 3 4 5
examples: Starcraft, Age of Empires

Racing Games 1 2 3 4 5

examples: Project Gotham Racing,
Need for Speed Underground

Shooter Games 1 2 3 4 5

examples: Halo, Counter-Strike,
No One Lives Forever

Adventure Games 1 2 3 4 5
examples: Zelda, Mario, Myst

Our study includes human subjects playing videoagr8hould you choose to participate, we will
contact you via email to arrange a date and timarfare than one hour) that is convenient for you to
come to our testing site, which will be within wialg distance from WPI's campus.

Would you be willing to participate in a study in video games?(circle one)
Yes No
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A.2 Result Sheet
Games IQP — Results

Number | Platform Lap 1 Lap 2 Lap 3 Total | Time |Best | Top | Mean | Distance| Laps
Time | Place| Time | Place| Time | Place| Time | Behind | Lap | Speed| Speed Led
Time
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A.3 Post Survey
D: |

Please briefly answer the following questions:

Age: Gender (circle one)

Major: Year of Graduation:

Rate each interface on effectiveness for this game

M

1 being very ineffective even after learning thenterface,
5 being very effective to usafter learning the interface

(circle one number for each interface)

Playstation 2 1 2 3 4
PC 1 2 3 4
PC with Playstation 2 controller 1 2 4
Rate each interface on how easy it was to learn tle®ntrols for this game:
1 being very difficult to learn the controls
5 being very easy to learn the controls
(circle one number for each interface)
Playstation 2 1 2 3 4
PC 1 2 3 4
PC with Playstation 2 controller 1 2 4

Rate each interface based on how much experiencewbave with it for the purpose of

gaming:

1 being no experience using the interface for gang
5 being many hours of experience using the interéa for gaming

Keyboard

1

2

3

Gamepad (Such as PS2 or Xbox controller

N
t

Ol

On which type of platform are you more likely to buy games in general?circle one)

PC

Home Console

Which type of platform are you more likely to buy racing games?circle one)

PC

Home Console
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Please indicate the top four factors you consideren purchasing a game. Mark each with
the order of importance — put a 1 by the most impdant factor, a 2 by the second most

important factor, etc.

Factor

Importance

Platform

Genre

Price

Playtime (Length of game)

Graphics

Controls

3 party ratings

Friend's / Peer's opinions

Publisher / Developer

Storyline

How many hours a week (on average) do you spend plag video games?

How many different racing games have you played?

If you were to buy this game (Need for Speed: Undground), what platform would you

buy it for and why?
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Appendix B. Survey Responses

B.1 Pre-survey results:

Subject | Age Gender| Major Year of Played | Self-rated skill
graduation | NFSU | with racing games
1 18 M IMGD/CS| 2010 no 3
2 21 M CS 2007 no 3
3 28 M IMGD Graduated| no 2
4 23 M CS 2005 no 2
5 20 M ECE 2008 no 2
6 26 M CS 2003 no 1
7 23 M IMGD 2008 yes 3
8 18 M CS 2010 no 2
9 20 M IMGD 2008 yes 2
10 20 M IMGD/CS| 2008 no 1
11 21 M MAC 2008 yes 3
12 19 M IMGD 2009 no 3
13 21 F BME 2008 yes 1
14 22 M CE 2007 no 1
15 19 F BC 2009 yes 1
16 22 M ME 2007 no 4
17 22 M MIS 2007 yes 4
18 18 M CHE 2010 yes 3
19 19 F BB 2009 no 3
20 20 M IMGD/CS| 2008 yes 4
21 22 M ME/TC 2007 yes 4
22 20 F PH 2008 no 2
23 19 M ECE 2010 no 3
24 20 M ME 2008 no 3
25 22 M ME 2007 no 4
26 20 F BB 2009 no 5
27 19 F BB 2009 no 1
28 18 M IMGD 2010 yes 4
29 21 M MAC 2007 yes 4
30 19 F BC 2010 no 1
31 21 M CS 2008 no 2
32 21 F MIS 2008 no 3
33 18 M CE 2011 yes 3
34 20 M BME 2008 no 3
35 20 F BB 2008 no 1
36 20 M PH 2008 no 1
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B.2 Post-survey results

subject | Mostly likely Rated Effectiveness Rated ease of Experience with
platform to buy learning interface
games | racing | pc | pcw/g| ps2 pc| pcw/g psdyamepad| keyboard
games

1|PC HC 4 3 2 5 41 4 4 5

2| HC HC 4 5 5 4 4| 4 5 5

3| HC HC 2 4 5 5 5| 5 5 5

4| PC PC 4 3 3 4 3| 3 2 5

5| PC HC 3 5 5 4 5| 5 3 5

6| PC HC 2 4 5 5 5| 5 4 2

7| HC HC 3 4 5 5 5| 5 5 5

8| HC HC 2 4 5 5 4| 4 5 5

9| PC PC 4 4 4 3 3| 3 2 4
10| PC HC 2 3 4 5 5| 5 4 5
11| HC HC 2 4 4 5 5| 5 5 5
12| HC HC 4 5 5 5 5| 5 5 3
13| PC PC 1 1 1 4 4| 4 1 1
14| PC HC 5 4 2 5 5| 5 4 4
15| HC HC 2 4 4 5 5| 5 5 3
16 | HC HC 2 3 4 2 4| 5 5 2
17| HC HC 2 4 5 3 5| 5 5 2
18| PC HC 2 4 5 4 3| 3 3 2
19| HC HC 2 4 4 4 4| 4 5 2
20 | PC HC 2 5 4 1 1 1 4 5
21 | HC HC 2 4 4 3 5| 5 4 1
22 | HC HC 5 4 5 5 4| 5 5 4
23 | HC HC 4 3 5 4 5| 5 5 3
24 | PC HC 4 2 4 3 41 4 4 5
25| HC HC 2 4 5 5 5| 5 5 5
26 | HC HC 3 5 5 5 5| 5 3 1
27 | PC PC 3 4 5 5 3| 3 2 1
28 | HC HC 3 2 5 5 5| 5 5 3
29 | HC HC 4 4 5 4 5| 5 5 3
30 | HC HC 4 3 3 5 41 4 2 1
31| PC HC 2 4 4 3 4| 4 5 5
32| HC HC 2 4 5 3 5| 5 5 1
33| HC HC 3 5 5 5 5| 5 5 1
34 | HC HC 5 3 4 5 41 4 5 2
35| HC HC 3 2 4 4 3| 4 5 1
36| PC PC 4 2 5 5 3| 3 3 5
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B.3 Post-Survey Written Responses

If you were to buy this game (Need for Speed Umdergl), what platform would you buy it for
and why (it is available on PC, Playstation 2, aXigbox)?

1. PC, because | am more familiar with the keybodddptefer using a computer screen, and
online play isn’t as costly.

2. Playstation 2, since | am most familiar with itswtrols for a racing game.
3. PS2, since | own one, and because of improved gamteol and graphics.
4. PC, as | don't have any consoles.

5. Xbox, racing games are better on consoles. | pte&eKbox contrdér to the PS2
controller.

6. PS2, because | hate playing games that requir& gefiexes on a PC, though | would have
to play in my friend’s PC.

7. PS2, | have that at home.
8. PS2, best controller.
9. PC, | have one.

10.PS2, it's a PS2 game, runs more smoothly, morealatuth a controller and usually looks
better.

11.PS2, because of the controls.

12.PS2

13.(no response)

14. Xbox

15.PS2, mostly because | am most used to those centrol

16. Xbox, the configuration seems to be the best.

17.PS2, because | don't like playing racing gamegports game on the PC.

18.PS2, my brother owns a PS2 and | wouldn’t buy alevbther Xbox for the game. Plus,
playing this game is less fun on the PC than aegy$ike PS2.
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19. Xbox, because | won an Xbox and I like using thalag stick (It's better for control) more
than the keyboard.

20.PS2, better controls.

21.PS2, | don't play many, if any, PC games and | town an Xbox/Wii/etc console.

22.PS2, | usually play consoles and don’t have an Xbox

23.Playstation 2

24.PS2

25.Any console

26.Playstaion 2, | like the controls better.

27.PC

28.Playstation 2, because that’s the system | alrbashg. | prefer using the gamepad, and a
Igg)asrrzwepad plugged into a PC via a USB port is legsoresive than plugged directly into a

29.PS2, because most of my friends and | have it.

30.PS2, because | have a PS2 and once | got used tonitroller, it was easier than the
keyboard for PC.

31.PC, because | don’t have a tv for my Xbox/free *tibetter graphics.

32.Xbox, because | have one and my computer sucks.

33. Xbox

34.PS2, | don't play racing games on PC and | donvehan Xbox.

35.1 probably wouldn’t buy it unless Nintendo madééicause it's the only platform | will use.

36.PC, | don’'t own or use consoles.
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Appendix C. Race Results

ID | Platform | Lap 1 Lap 2 Lap 3 Total Time best top mean distance laps | avg. lap | iter-
time rank | time |ran |time |rank | Time Behind | lap speed speed led time ation
k time
1 PS2 84.06 | 2 66.91 2 78.79 2 230.76  18.78 66.91 6.683 | 91.05 5.89 0 76.59 1
1 PCWC 8251 | 2 71.36 2 67 2 220.8Y  24.09 67 136.325.46 5.86 0 73.62 2
1 PC 87.90 | 2 81771 2 7126 2 240.9p  17.89 71.25 .2729 87.81 5.84 0 80.31 3
2 PS2 8211 | 1 77.06 1 63.86 1 223.03 - 63.86 130/382.17 5.75 3 74.34 3
2 PCWC 80.27 | 1 68.89 1 62.87 1 212.08 - 62.87 ¥35/097.21 5.76 3 70.68 1
2 PC 7070 | 1 65.54 1 605 1 196.78 - 60.52 133.5402.44 | 5.64 3 65.59 2
3 PS2 90.07| 3 97.22 3 NA 3 226.8 timeup  90.97 1B32.9078.74 5.02 0 93.65 2
3 PCWC 96.09 | 3 77.23 3 7427 3 247.60  24.56 74.2735.7B | 84.56 5.85 0 82.53 3
3 PC 102.73 3 1129 3 NA 3 242.04 timeup  102{73 .8P6| 66.42 4.48 0 107.86| 1
4 PS2 8482 | 2 93.64 2 NA 2 24571 timeup 84.52 @R7,| 79.93 5.47 0 89.23 1
4 PCWC 8161 | 3 67.37 3 7068 1 219.66 - 67.37 230/296.12 5.87 1 73.22 2
4 PC 78.74 | 3 65.23 2 63.783 2 207.76 119 63.Y3 5832| 100.64 | 5.85 0 69.23 3
5 PS2 6769 | 1 65.35 1 62.81 1 195.85 - 62.81 137/4407.83 | 5.93 3 65.28 3
5 PCWC 8469 | 1 67.16 1 63.86 1 215.7 - 63.85 135.797.17 5.84 3 71.90 1
5 PC 7111 | 1 7710 2 77.3F 3 22558 5.92 71.11 5134 94.09 5.9 1 75.19 2
6 PS2 7496 | 2 73.16 1 76.51 2 224.63 4.97 73.16 .4829 94.02 5.91 1 74.88 2
6 PCWC 7145 | 2 75.20 3 64.06 3 210.71  14.86 64.0636.97 | 100.61 | 5.88 0 70.24 3
6 PC 114.26) 3 86.67 3 NA 3 245.73 - 86.6[7 124.497.3% 4.6 0 100.47| 1
7 PS2 7095| 1 75.39 2 64.14 1 21048 - 64.14 1364796.83 5.71 2 70.16 3
7 PCWC 64.10 | 1 9491 3 68.20 2 227.3 7.34 64.1 9B29| 92.06 5.85 1 75.77 1
7 PC 83.48 | 3 7590 3 NA 3 239.88 timeup  75.92 183.185.61 5.69 0 79.69 2
8 PS2 7410 | 2 7719 2 NA 1 219.96 - 68.6|7 137.5 384.| 5.82 1 75.65 1
8 PCWC 7107 | 1 7418 1 64.62 1 209.87 - 64.62 ¥37,397.95 5.71 3 69.96 2
8 PC 80.56 | 3 7179 3 69.1 3 221.41  10.93 69.1 $631/392.75 5.74 0 73.80 3
9 PS2 7876 | 2 68.42 2 7327 2 220.47 10.6 68.42 .8828 92.67 5.74 0 73.48 2
9 PCWC 7125 | 2 7265 1 74683 2 218.583 8.05 71.25 7.583 | 94.99 5.8 1 72.84 3
9 PC 8179 | 3 66.49 1 NA 3 249.96 timeup  66.49 185.082.48 5.75 1 74.14 1
10 | PS2 90.62| 3 7741 2 NA 2 226.83 timeup 77.41 .2B30| 88.07 5.63 0 84.02 1
10 | PCWC 83.25| 2 7431 2 70.14 2 227.7 13.12 70.1437.89 | 91.56 5.8 0 75.90 2
10 | PC 7491 | 2 71.67 2 76.24 2 222.84 2431 71.69 2.223 | 91.84 5.73 0 74.27 3
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ID |Platform | Lap 1 Lap 2 Lap 3 Total Time best top mean distance laps | avg. lap | iter-
time rank | time |ran |time |rank | Time Behind | lap speed speed led time ation
k time
11 | PS2 67.76 | 1 69.91 1 60.86 1 198.56 - 60.86 ¥38(0102.52 | 5.72 3 66.18 3
11 PCWC 73.06 1 6256 1 61.19 1 196.81 - 61.19 1888| 103.94 5.66 3 65.60 1
11 PC 81.01 1 66.60 1 66.97 1 214.5P - 66.6 139.6 4.39 5.66 3 71.53 2
12 PS2 96.71 3 8387 3 NA 3 244.6 timeup 83.87 380, 78.19 5.35 0 90.29 2
12 | PCWC 86.97 | 3 67.28 3 73.32 3 228.51  29.54 67.7834.37 | 89.79 5.72 0 75.86 3
12 | PC 9150 | 3 95.24 3 NA 3 226.83 timeup  91.5 183.p74.36 4.69 0 93.37 1
13 PS2 223.73 3 NA 3 NA 3 273.45 timeup 22373 91.2| 35.65 2.74 0 223.73 1
13 PCWC 109.08 3 103.7 3 NA 3 240.97 timeup 103|6826.71 66.41 4.46 0 106.38 2
13 PC 116.33 3 NA 3 NA 3 241.7 timeu 116.833 129.56:4.71 3.7 0 116.33 3
14 | PS2 75.72 | 2 70.16 2 88.93 2 234.81  23.14 70.1634.91 | 89.25 5.81 0 78.27 3
14 PCWC 77.81 1 76.46 1 89.74 1 243.55 - 76.4 B30,186.28 5.86 3 81.34 1
14 PC 76.59 1 70.36 1 64.02 1 210.9/7 - 64.02 136/999.17 5.85 3 70.32 2
15 PS2 82.11 2 7429 2 67.663 2 224.03 13.06 67.6330.1% 94.43 5.94 0 74.68 2
15 PCWC 73.79 1 65.34 1 7254 1 211.67 - 65.34 2138 100.19 5.93 3 70.56 3
15 | PC 8252 | 2 88.08 2 86.29 2 256.45  13.34 82.52 0.783 | 62.35 5.9 0 85.63 1
16 | PS2 86.28 | 2 7583 1 67 1 229.11 - 67 129.1 92.075.91 2 76.37 1
16 PCWC 74.91 2 64.78 2 64.34 2 204.03 11.08 64.3437.21 103.9 591 0 68.01 2
16 PC 78.52 3 77.1Q9 3 NA 3 232.272 timeup 77.1 1636.[1 89.46 5.72 0 77.81 3
17 | PS2 73.88| 2 73.89 2 70.147 2 21794 15.76 70[1729.92 | 93.81 5.73 0 72.65 3
17 | PCWC 91.58| 3 73.24 3 7119 3 236.01 6.9 71.19 2.183 | 88.55 5.6 0 78.67 1
17 | PC 88.63 | 3 7482 3 NA 3 223.03 timeup 74.82 384, 89.74 5.6 0 81.73 2
18 PS2 66.68 1 62.68 1 63.64 1 193 - 62.68 137.2608.56 5.89 3 64.33 2
18 PCWC 65.87 1 62.08 1 7424 1 202.19 - 62.06 5B37| 102.4 5.79 3 67.40 3
18 | PC 79.87 | 1 84.23 2 67.98 2 232.06 2.97 67.98 .9234 90.13 5.83 1 77.36 1
19 | PS2 79.39| 3 75.61 2 85 3 240 24.52 75.61 136|786.51 5.78 0 80.00 2
19 PCWC 71.55 2 7426 3 60.14 2 205.95 16.34 60.1437.09 101.99 5.85 0 68.65 3
19 PC 77.30 2 107.3 3 NA 3 234.16 timeup 77.3 182.683.12 5.43 0 92.30 1
20 PS2 68.10 1 58.32 1 63.19 1 189.61 - 58.32 $36|9106.57 5.67 3 63.20 3
20 | PCWC 7057 | 1 67.04 1 66.54 1 204.15 - 66.54 8B35| 99.26 5.6 3 68.05 1
20 | PC 77.99 | 2 63.05 1 74.44 1 215.48 - 63.05 135,894.59 5.7 2 71.83 2
21 PS2 81.24 3 65.69 2 8141 2 228.34 24.19 65.6930.83 91.45 5.85 0 76.11 1
21 PCWC 76.55 1 7887 3 67.38 2 223.8 8.32 67.88 5.913 | 92.68 5.8 1 74.27 2
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ID |Platform | Lap 1 Lap 2 Lap 3 Total Time best top mean distance laps | avg. lap | iter-
time rank | time |ran |time |rank | Time Behind | lap speed speed led time ation
k time
21 | PC 7753 | 3 67.77 2 NA 3 219.61 timeup  67.7 1886. 93.97 5.77 0 72.65 3
22 PS2 112.18 3 81.39 3 NA 3 245.58 timeyp 81.39 7.78 | 75.14 5.21 0 96.79 1
22 PCWC 87.50 3 78.15 3 NA 3 241.81 timeup 78.15 7.32 | 86.44 5.84 0 82.83 2
22 PC 84.67 3 132.9 3 NA 3 241.81 timeup 84.7 2A29. 64.61 4.45 0 108.80 3
23 | PS2 7217 1 8391 2 63.28 1 219.36 - 63.28 636{193.82 5.77 2 73.12 3
23 | PCWC 7044 | 1 7197 1 84.97 2 226.8 11.22 70.4438.11 92.5 5.86 2 75.79 1
23 PC 77.31 2 67.47 1 67.08 1 211.81 - 67.03 131,/588.27 5.8 2 70.60 2
24 PS2 76.11 1 79.80 2 75.87 2 231.78 19.9y 75.8729.26 88.22 571 1 77.26 2
24 PCWC 78.89 2 70.11 1 8558 2 234.58 15.22 70.1132.17 87.78 5.76 1 78.19 3
24 PC 76.54 2 7128 2 67.79 1 215.58 - 67.79 130,196.84 5.84 1 71.86 1
25 PS2 83.06 1 64.14 1 77.2 1 224.4 - 64.14 134)192.77 5.82 3 74.80 1
25 PCWC 74.79 1 61.12 1 62.36 1 198.27 - 61.12 5136] 103.13 5.68 3 66.09 2
25 PC 70.88 2 73.94 1 7207 1 216.89 - 70.88 136/027.08 5.87 2 72.30 3
26 | PS2 113.3§ 3 107.3 3 NA 3 228.2y timeyp  113.328.68 | 61.35 3.89 0 110.37] 2
26 | PCWC 7082 | 1 83.31 2 80.65 2 234.84  23.95 70.8233.62 | 87.49 5.95 1 78.28 3
26 | PC 122.01 2 NA 3 NA 3 254.4 timeup 122.01 127.08%0.94 3.63 0 122.01| 1
27 PS2 99.31 3 115% 3 NA 3 246.89 timeup 99.31 .8B3| 66.29 4.61 0 107.45 3
27 PCWC 127.83 3 1014 2 NA 3 254.4 timeup 101{4308.97 59.85 4.22 0 114.63 1
27 | PC 105.04 2 90.27 2 NA 2 228.27 timeup  105|04 2.12 | 71.75 4.55 0 97.66 2
28 | PS2 89.87| 1 9165 2 66.6 2 248.12 291 66.6 3330, 85.03 5.91 1 82.71 1
28 | PCWC 100.49 3 76.12 2 NA 3 238.21 timeup 76.1231.37 | 80.96 5.37 0 88.31 2
28 PC 72.45 2 75.14 2 80.06 2 227.6b 15.76 72.45 4.843 | 88.66 5.64 0 75.88 3
29 PS2 79.07 1 65.23 1 63.89 1 208.19 - 63.89 93717100.33 5.85 3 69.40 2
29 | PCWC 6841 | 1 68.97 1 7449 1 211.87 - 68.41 6B37) 99.88 5.89 3 70.62 3
29 | PC 92.25| 2 75.56 1 77.9 1 24521 - 75.56 131.686.26 5.9 2 81.90 1
30 PS2 86.73 3 86.05 3 NA 3 241.89 timeup 86.05 .3@8| 65.01 5.81 0 86.39 3
30 PCWC 124.11 3 86.49 3 NA 3 275.21 timeup 86.49 30.a1 71.17 5.46 0 105.30, 1
30 PC 79.96 2 98.30 3 NA 2 238.149 timeup 79.96  1B5. 78.51 5.18 0 89.13 2
31 | PS2 7046 1 7496 2 NA 2 223.76 20 70.46 131.093.27 5.83 1 72.71 2
31 | PCWC 92.84| 2 7144 2 NA 2 210.29 timeup 71.44 0.38 | 84.29 4.94 0 82.14 3
31 PC 86.26 3 87.04 2 NA 3 231.08 timeup 86.26 @31. 84.48 5.44 0 86.65 1
32 PS2 85.52 2 8795 3 NA 2 231.06 timeup 85.52 .433| 81.92 5.3 0 86.74 1
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ID |Platform | Lap 1 Lap 2 Lap 3 Total Time best top mean distance laps | avg. lap | iter-
time rank | time |ran |time |rank | Time Behind | lap speed speed led time ation
k time
32 | PCWC 104.10 3 8148 3 NA 3 233.7f timeup 81.4836.84 | 77.41 5.03 0 92.79 2
32 PC 100.79] 3 83471 3 NA 3 210.31 timeup 83.47 .334| 80.81 4.74 0 92.13 3
33 PS2 63.60 1 5929 1 57.4 1 180.29 - 57.4 1421 15.11 5.83 3 60.10 3
33 PCWC 77.52 1 62.17 1 61.36 1 201.05 - 61.36 4¥38] 104.23 5.86 3 67.02 1
33 | PC 70.79 | 2 69.30 1 63.6/ 1 203.76 - 63.67 135/4401.86 | 5.79 2 67.92 2
34 | PS2 7079 1 67.19 1 70.08 1 208.06 - 67.19 936{3101.68 | 5.92 3 69.35 3
34 PCWC 80.51 2 75.98 2 75.82 2 232.31 2.87 75.8234.88 92.59 5.98 0 77.44 1
34 PC 85.46 2 68.14 1 7847 1 232.0/7 - 68.14 132/191.48 5.84 2 77.36 2
35 PS2 75.49 1 86.7% 3 67.2 1 229.44 - 67.2 133/482.21 5.94 2 76.48 1
35 | PCWC 89.79 | 3 84.73 3 69.53 3 244.05 11.98 69.5342.9 88.8 6.04 0 81.35 2
35 | PC 78.08 | 2 76.97 2 65.99 2 221.04 12.98 65.99 3.083 | 96.27 5.93 0 73.68 3
36 PS2 83.51 1 76.33 2 78.45 2 238.29 6.22 76.33 1.253 | 89.01 5.92 1 79.43 2
36 PCWC 92.99 3 104.3 3 NA 3 238.09 timeul 92.99 7.08 | 78.26 5.21 0 98.65 3
36 PC 83.32 3 7224 1 845 3 240.08 10.64 72.24 1.1B3 | 88.36 5.9 1 80.03 1
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