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ABSTRACT

As the interactive entertainment industry matures, a betider-
standing of what makes software entertaining is needed.térala
starting point is the application of traditional Human-Garter In-
teraction (HCI) tools to interactive entertainment softeva HCI
tools include cognitive models that researchers have usewtlel
users’ thought processes and evaluate interface desigis. pah
per users a simple cognitive model to investigate the oelatiip
between the complexity of an interaction and the entertairtrax-
perienced by the user. We design a simple computer gamee erea
normative model for how a user plays this game, and buildraéve
variations of this game such that normative models of these v
ants differed across two factors: pace and complexity. Stsglies
conducted on these variations allow comparison with thas®fs
to user performance and self-reported user enjoyment. sUser
game enjoyment was found to be related to both the subjest’s p
formance and the game complexity.
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ers compute solutions to games, then there may be more &eEcura
measures as to what interests a human than just computatmna
plexity.

An evaluation of the user experience must look at interedt an
complexity from the user’s point of view. Studies indicdtattthere
is a correlation between cognitive interest and enhancauhileg
[HM1997]. Itis possible that the cognitive features of a gaaso
correlate with enjoyment. Cognitive models, tools that elader
thought processes, may take a variety of forms that capiimi-t
ing, such as decision trees or production rules. Cognitigdating
has been used in HCI research for over two decades, but t@ghe b
of our knowledge, has yet to be applied to the study of user en-
joyment of computer games. As a quantifiable representafien
user’s thought process, a cognitive model is an artifadtdha be
measured more directly than the user’s actual thoughts.

This research investigates the relationship between aitdggn
model of an interaction and the entertainment value thatea us
places on that interaction. We built four variations of apgiercom-
puter game, created normative rule-based models of how pker
these variations, and conducted user studies to deteriménela-

Over the last two decades, entertainment software has growntive entertainment value of each variation. The game wasemad

from a cottage industry to a multi-billion dollar industrxccord-

simple enough so that the normative models for play couldoe ¢

ing to a January 2006 press release by NPD Research, U.B. reta structed apriori. The variations were designed such thet thod-

sales of game consoles, handheld devices, games and ag&®sso
reached $10.5 billion in 2005. As the industry matures, igers
have a competitive interest in producing games that offeoieran-
tertaining experience to the end-user; however there hars lre-
ited scientific research into what, exactly, makes a conmméme
entertaining.

Although specialized for the purpose of entertaining onmore
people, a computer game is still software and thus provitesp-
portunity for study by computer scientists as software. Jtience
of Human-Computer Interaction (HCI) is relevant to such arus
focused domain. One informal suggestion from HCI is thatraga
must have a certain computational complexity in order torlberi
esting [E1]. The problem with this theory is that it speakdhef
complexity of an algorithm used to compute a solution to agam
rather than the thinking a human player does while playingraey
If humans go about playing games in different ways than campu
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els would differ by the number of rules in the model and by tte r

at which these rules were used. User studies were condudtied w
these game variants on over 100 college-aged men and women.
Users played a randomly chosen game variant then filled out a
post-test questionnaire. The resulting data was then zedlio
determine if the size of the active-set of rules and rate lef-use

in the cognitive models can be related to user self-evalnatof
entertainment.

An analysis of our data indicated that complexity variabdel h
a statistically significant relationship with user perdéeptof diffi-
culty. Users’ in-game enjoyment was significantly relatedoth
the users’ performance and the complexity variable. Owr sladws
evidence of an “inverted-U” phenomenon when comparingyenjo
ment to performance. There is also a noted difference betiee
enjoyment that users reported in-game and the enjoymenhistha
reported in the post-game questionnaire.

The rest of this document is organized as follows: Sectiois2 d
cusses work related to this research; Section 3 describreapsu
proach to designing our game and our user study; Sectiorsépie
an analysis of our user study data; Section 5 discussessitisae
arose and lessons learned; Section 6 summarizes our comslus
and presents possible future work.

2. RELATED WORK

Work related to our research primarily falls into three areag-



nitive Psychology, cognitive modeling of HCI, and scienod an-
tertainment software.

2.1 Cognitive Psychology

meration of these prerequisites was not given.

Vorderer et al. divided the properties of a media produab int
four categories: technology, design, aesthetics, andentnthey
stated that a product with a certain level of interactivitgynbore or

Nearly a century ago, Yerkes and Dodson’s famous experiment interest a user depending on the particular content anchttieyiar

predicted an “inverted-U" relationship between level afsal and
performance in a memory task [YD1908]. The Yerkes-Dodsen la
predicts that there is a level of emotional arousal thatnogts a
subject’s rate of learning on some task. With too little ar touch
emotional arousal, the subject’s rate of learning will baidished.
Our research also investigates emotional arousal, butpeeific
type of emotional arousal that a subject judges to be “engmtin
We also seek to investigate this type of arousal as a varihbtes
dependant on factors of an interactive experience.

Petty and Cacioppo present the elaboration likelihood inofde
persuasion that models how attitudes are formed and chdR@S5].
The model incorporates both thought and motivation, whilleap-
proach examines enjoyment based on input and an interaotive
perience.

Burns proposed the use of Bayesian-information theory & an
lyze enjoyment in a game of slots [BU2006]. Burns’ work madel
fun as resulting from information gain from a violation ofpec-
tations. This model also predicts inverted-U functiongemed to
as “Goldilocks Functions”, relating fun to win-probabjlitOur re-
search attempts to relate fun to cognitive complexity. Woeg-
nitive complexity impacts win-probability, there is evitm® of a
Goldilocks Function.

2.2 Cognitive Modeling in HCI

Cognitive models have been in use as evaluative tools in BICI f

over two decades. One of the most popular ways of modeling has

been GOMS, which codifies a cognitive task as Goals, Opesator

user, and that users seek a certain emotional complexitieio t
experiences. Their survey of other research indicatedhiaian
motivations for playing video games range from presenceslfo s
efficacy to competition. Our research focuses on the coritplek
the cognitive aspects of an interaction. In the light of \det's
integrated theory, this research asks the question: “giversame
users and the same content, to what degree do the purelytivegni
aspects of entertainment software affect the users’ ergoy?i

3. APPROACH

This research investigates how the cognitive complexitylay-
ing a computer game influences how entertaining it is for a use
Human cognition of a game was modeled as a rule-based system.
The factors of complexity that chosen to investigate inetlitio-
tal number of rules in the model, and frequency of rule atibva
These factors were investigated in the context of a simple¢h-
Out” style game. An original game in this genre was develpped
including original artwork. Four variants of the game werada
such that the normative cognitive models of these gamesdwvoul
vary along the two chosen factors. User studies were then con
ducted using a between-subjects 2x2 randomized expediezy
sign. Users gave self-evaluations of entertainment botimgand
after their testing sessions. Finally, data from the useatiet was
analyzed to see how different levels of game complexitycadie
user-reported levels of enjoyment.

3.1 Game Design

Methods and Selection rules. John and Peck used Soar, a GOMS

model, to create a computational model of the task of bragvsin

3.1.1 Design Choice

a database [JP1992]. Their work shows that GOMS models can  This research attempts to relate the complexity of thoughtiad

capture the cognitive elements of even a highly interadtask.
John and Kieras, in their overview of GOMS models, described
ten successful real-world applications of a GOMS model tr us
interface design issues [JK1996].

Another popular cognitive modeling tool is the ACT-R family
of cognitive architectures. Belavkin applied ACT-R to mbthe
inverted-U phenomenon described by the classical Yerlastn
experiment [BE2001]. This work modeled emotional activati
and found that a medium level of activation resulted in a @igtm-
ulated rate of learning. Byrne applied the ACT-R/PM ardttitee
to modeling the interactive task of menu selection [BY20@4J T-
R/PM was a cognitive modeling system which had an additional
perceptual-motor module to enable modeling interactiskgdo a
higher level of detail. Aside from GOMS and ACT-R, Chery and
Farrel described HCI research involving Perceptual Coiiitneory
[CF1998], which may be better suited to modeling tasks ofinen
ual adjustment.

2.3 Science and Entertainment Software

The scientific study of entertainment software is a relativa-
scent field. Vorderer, Klimmt and Ritterfeld presented aagnated
theory of media entertainment that accommodated for bethser
and the media [VKR2004]. Their model of Complex Entertainme
Experiences (CEE) was a conceptual model that defined eerjalym
as a user’'s response to a media product based on the partisata
motives, and the particular media. In this model, it is sstee
that all three of these must meet certain prerequisitesderdior
an experience to be viable as entertainment; however ssprenu-

to play a game to how entertaining it is by relating cognitivedels
to user enjoyment. For our results to be meaningful therdedto
be some certainty that the cognitive models matched thé&ittgn
of the human subjects. Typically, a cognitive model is depetl
through Cognitive Task Analysis (CTA), a process which may i
volve observing subjects as they perform some task, askibg s
jects to “think aloud” and describe their thoughts as thefqrm
the task, or interviewing subjects about the decisions theke
under certain circumstances.

With limited time to complete this work, we instead chose to
investigate a style of computer game which had gameplaightra
forward enough that gameplay cognition could be modeledowit
lengthy CTA. Such a game must give the user limited choidis, o
erwise it could involve decision making that varies from ruse
user. A game where the proper action to take is clear for exany
dition that occurs would challenge the player’'s memorytelety,
concentration, and reaction time rather than their detisiaking
ability.

Electronic games such as Sima@) {978, Milton Bradley) are
purely reactive. In Simon, the player is challenged to repese-
guence of colors made by the device. For each sequence fa@sen
by Simon, there is only one proper reaction: to repeat thergiv
sequence. By investigating a game with a reactive style nfega
play it is presumed that a model for play that captures theero
reactions to all conditions represents the normative pidg.s

In addition to being purely reactive, certainty was needet t
subjects had an understanding of the game that matched the no
mative model. This meant that subjects would need to lean th



proper actions for all conditions before testing. By kegpthe
number of conditions small, subjects could be quickly edingiv-

ing confidence that they had a complete understanding of how t
play during the test.

3.1.2 Punch-Out Style Games

Our game was based on a reactive play style similar to th&teof t
game Punch-Out@1987, Nintendo). Punch-Out is a simple ab-
straction of a one-on-one boxing match. The user has conissl
one of the boxers, and can execute a limited set of punchkbloc
and dodge actions. The computer controls the actions ofgéiesu
opponent. There is very little strategic planning on the pathe
user. The game task is mostly reactive — the user must rexmgni
a certain action executed by the opponent and respond widip-an
propriate sequence of actions within a limited amount ogtitror
example, if the opponent raises his right arm to punch, tbeqr
action would be for the player to dodge to the opposite siéa th
counter-punch to the mid-section. By using this style of gplay,
the number of conditions that could arise could be contiode
could the proper response to each.

3.1.3 Paolo’s Kickboxing

Similar to Punch-Out, our game, call®dolo’s Kickboxingin-
volves two on-screen avatars, one user-controlled andampuater-
controlled (see Figure 1). The game consists of ten roungtagf
where each round is won by the first boxer to score ten hitsén th
round. Both avatars start in a neutral state and are ablestmugx
any of their available actions from this neutral state. Therun-
terface involves pressing keys that directly correspondctdns.
Execution of an action causes the relevant avatar to trangi a
different state, such as blocking or punching, followed bgtarn
to the neutral state.

Round 1

Figure 1: Paolo’s Kickboxing

The proper action for the user in the neutral state is to veait f
the opponent to take an action. If the user attacks while pp®-0
nent is in a neutral state, the opponent will automaticdibgk the
user’s attack. When in the neutral state, the computer witlylfor
a set amount of time then randomly select an attack to exethie
rate of the computer’s attacks was varied to control the phtee
game. Also, the number of different attacks which the comput
could randomly select was varied to control the complexitthe

one-second interval in which to recognize the attack antbpar
an appropriate block action. If the user successfully lddble op-
ponent’s attack, the opponent is then vulnerable to a cowatiack
for a one-second interval. These generous response ilsevese
selected because we did not want reaction-time to be a lacgerf
in the difficulty of the game.

Hick’s Law predicts that the choice response time gieaqually
probable choices is logarithmic iN [H1952]. This model of in-
teraction is applicable to our game. However, empiricadaesh is
required to estimate the parameter in Hick’s equation, aeda-
rameter can differ from individual to individual. For oursearch,
a response interval of one second was chosen for all tespgrou
based on an informal pilot study that showed trained subjemtld
easily respond within this time frame.

3.2 Game Variants

We built four variants of the game such that normative models
for game play would vary across two factors. These factorewe
the rate of decisions, @ace and number of choices, oomplexity
of playing the game. The first dimension of variation was taeep
at which the computer player made attacks. The second diamens
of variation was the total number of possible conditions. tie
number of possible attacks executed by the opponent. laflarser
testing was conducted as the game was developed to detehmine
two levels for each of these factors. The intent was to capaur
level that was challenging and a level that was not chaltenpr
each factor. For the pace factor, we chose an opponent thatiwo
attack every two seconds and an opponent that would attagsl ev
four seconds. For the complexity factor, we chose an opponen
capable of executing four types of attacks and an oppongatta
of executing eight types of attack. The attacks took the fofm
punches and kicks. The four-attack opponents had one pttiach a
and one kick attack on both the left and the right sides. Thbktei
attack opponents had high and low punch attacks and highoand |
kick attacks on both the left and right sides.

3.3 Cognitive Models

3.3.1 Rule Based Systems

A rule-based system represents decision making as a gotiect
of IF-THEN rules that state that IF certain conditions angetr
THEN perform certain actions. The system has a working mgmor
that maintains assertions about the current state of thiel walled
facts. Arule’s conditions make logical statements aboegétfacts,
and when these statements become true, the rule activatkgsa
actions are performed. A rule-based system is sufficieniriod-
eling our game because our game involves the user takingetisc
actions in response to actions by the opponent. Rule-bgseehss
may not be effective for modeling some types of games because
rules are not good at modeling tasks involving continuougrob

By representing normative gameplay cognition as a ruledbas
system, the gameplay task can be quantified in various ways. T
number of rules in the entire model can be counted. Also, tine-n
ber of facts that must be kept in working memory can be deter-
mined. The frequency in which rules must be activated and how
many rules might apply at any given time can be predicted. For
each rule, the time taken for working memory to be updated can
be timed, as well as the time for conditions to be matched bed t
rule executed. If our model accurately captures human thipug
then these quantities represent the demands the game platies
user’s cognitive faculties.

game. When the computer makes an attack action, the user has a3-3-2 Modeling Assumptions



It is assumed the rules in a model executed in sequence sellap
into a single rule with a concatenated sequence of actioesalBe
the opponent always becomes vulnerable after a succedstid b
action, the two separate rules “if | am attacked, then blaahd
“if the opponent is vulnerable, then punch” collapse int® single
rule of “if | am attacked, then block and then punch”. Thus, al
“block, punch” action sequences are assumed to be the oéshé
activation of a single rule.

In measuring the features of a rule-based model, the way in
which the rules are written influences the resulting numbéis
instance, the single rule “if A or B, then do C and D" is functio
ally equivalent to having the two rules “if A then do C and D”
and “if B then do C and D”. For a more complicated model, a well-
defined method of counting rules based on unique sets of thomsli
is needed, resulting in unique sequences of actions. Howewve
game is intentionally simple so that the arising conditiars mu-
tually exclusive. Therefore, there is assumed to be exaaciyrule
in the model for each condition that results in a specific saga
of actions.

Our game also has the property that there is only one proper se
guence of actions to take for each condition. Thus, thergastty
one rule in the model for each condition. Finally, the onlydio
tions that arise that are appropriate for the user to resporde
attacks by the opponent; therefore there is exactly oneinuiee
model for each of the opponent’s attacks.

3.3.3 Characterization

Given the stated game design, the gameplay in Paolo’s Kickbo
ing can be described by a rule-based model which has a certain
number of rules and time constraints for how quickly and héw o
ten these rules must operate. In all cases, the firing of annukst
take place within one second in order for its action to be ss®c
ful. The number of rules in the model for a given variant isaqu
to the number of attacks the computer opponent can execthiatin
version of the game.

For the four-attack variants, there are four rules in the ehiod

| F opponent punches to ny |eft
THEN press ‘7', press ‘space’.
| F opponent kicks to ny |eft
THEN press ‘1", press ‘space’.
| F opponent punches to ny right
THEN press ‘9, press ‘space’.
| F opponent kicks to ny right
THEN press ‘3, press ‘space’.
For the eight-attack variants, there are four additionialsin the
model:

| F opponent punches lowto ny left

THEN press ‘4’ , press ‘space’.
| F opponent kicks lowto ny left

THEN press ‘0', press ‘space’.
| F opponent punches low to ny right

THEN press ‘6’, press ‘space’.
| F opponent kicks low to ny right

THEN press ‘.’ , press ‘space’.

Our models also differ across the rate at which the rulesare a
tivated. The slower variants have a delay of four secondsdest
attacks and the faster variants have a delay of two secomdsde
attacks. With these four variants, there are four conditifmm our

2x2 experimental design, shown in Table 1.

Table 1: Game Conditions
Simple | Complex |

4 rules, 0.25/se¢ 8 rules, 0.25/sed
4 rules, 0.5/sec| 8 rules, 0.5/sec

Slow
Fast

3.4 Game Development

Game Maker was used software as the development platform
for our game. Game Maker provides a visual interface for ifpo
ing 2D images, managing game content, and building the wario
stages of the game. The built-in game engine has hooks fode wi
range of user inputs, both keyboard and mouse. The scrifgng
tures of Game Maker gives access to libraries for 2D grarics
file 1/0.

The game logic was parameterized such that a new variant of
the game could be created by simply changing a constant in the
code. This facilitated randomized testing, as the game ada p
one of the four variants at random at the start of a new gaming
session. The post-test questionnaire was implementee igaine
as well, which gave the user’s testing experience a cortinitiow
and allowed for convenient logging of questionnaire ansviera
file.

3D Studio (3DS) MAX was used to develop the pre-rendered
sprites for both players, as well as the pre-rendered baakgt
The use of pre-rendered 3D (using the 2D Game Maker engine)
gave the game a crisp, 3D look without the difficulty of progra
ming a full 3D scene-graph rendering engine or programmng r
tines for importing 3D geometry and animations. Since thega
had a point-of-view fixed behind the player’s avatar, and lcaim
ants that are unable to move about the ring, 3D scenes could be
created in MAX with the boxers and the ring rendered from adfixe
camera. Pre-rendering the graphics greatly sped up thessadf
creating and editing the animations. Upon completion, thee
had over 150 frames of animation.

One boxer was modeled, texture mapped, and rigged with-skele
tal system for both the user and the opponent in 3DS MAX. One
base-texture with two variations in the color of the trunkesvere-
ated for this mode in Adobe Photoshop. Animations were eteat
in 3DS MAX and rendered to image sequences for conversion int
sprites. Various interface graphics and iconic represients of
levels of enjoyment were created in the GIMP.

To match the game design, the attack animations were dekigne
to be two-seconds long each, moving through several keyspose
The opponent begins each animation in a neutral pose. Over 0.
seconds, the opponent then transitions through a “tellepes
pose that allows the user to clearly recognize the incomitagla
The opponent then transitions to a “strike” pose at the mydvaant
of the animation — a pose which indicates to the user thattiee-i
val to respond to the attack is over and that the opponent hdse m
contact with the user. In the final second of the animationthas
opponent returning to the “neutral” pose.

During user testing, data was logged to a text file marked with
a unique, non-identifying session ID. The post-test qoestiire
was implemented in-game, and questionnaire responsesalgere
logged to this file. Following testing, data from each sutgeext
files was aggregated into a single table for manual filterimyzre-
liminary analysis in a spread sheet. Finally, the table wgsorted
into SAS for more advanced analysis.

http://wvww.yoyogames.com/make



3.5 User Studies The questionnaire that followed the game asked demographic

Users were solicited, both orally, in writing and via emad, questions regarding age, gender, and computer usage aed ask
participate in the experiments. Extra credit was givenudshts in users to evaluate their level of interest, immersion andyengnt
some classes in exchange for participation in the study.t Blds of the gamé. The answers to these questions enabled correlation
jects were undergraduates who agreed to participate inaexeh of features of the user’s experience with the features ofpleeific
for the aforementioned extra credit, with an additional bemof game variant played.

undergraduate and graduate students who volunteeredponss
to an announcement of the study. Students were given sign-up
sheets where they could schedule a specific half-hour tiotesl
participate in the study.

All testing took place in a campus computer lab. The lab was Did not enjoy Enjoyed
not reserved for our exclusive use, but conditions weretcand - - b »
each subject was adjacent to vacant computer stationss Weee s ~ =
ear-covering headphones to hear in-game sounds and mufie ba
ground noise. Users were tested three at a time, positidramha
puter stations in three corners of the lab, with users nandaeach
other. The tester was present in the room during testingsitiirig Figure 3: Post-round Assessment
in the fourth corner of the room, not facing the test subjects

Instances of the game were launched over the campus network,
with log files written to the remote directory. The remote@x@®n
of the game centralized the recording of log files to one looatn 4. RESULTS
the network without the use of additional networking codéhini
the game itself. Remote execution also enabled testingdityea
take place on any free PC in the lab, as no executable filefigeon
uration files, or log files needed to be moved back and fortimfro
the local machine to the centralized storage.

When each user arrived for their time-slot, s’/he was given a
waiver that explained the testing procedure and the votynta-
ture of their participation. After reading and signing thaiver an

How much did you enjoy that round?

In total, 107 subjects were tested. However, input lockup oc
curred during three of the testing sessions and one testBgj
was aborted early due to program failure. The data used in our
analysis is from the remaining 103 subjects. Of these 10gsts)

82 were male and 21 were female. With respect to computer ex-
perience, 82% of subjects reported 20 or more hours of canput
use per week. With respect to gaming experience, 72% of sishje

instance of the game was started on a free lab PC and the tstudenmported co.mputer game play of 10 hours or fewer per week, and
was left alone to undergo the in-game tutorial (see Figur@lay 50% ?f subjects repor_ted 5 hours or fewer per week. A_I_thohgh t
the game, then complete the in-game questionnaire. Afigm ea 92Me's random selection process had an equal probabibtyiet-
round in the game, the user was asked how much they had enjoyednd €ach game variant, the final sample sizes were 23 sutffects
that round by clicking on one of five different icons (see Feg8). the slow and simple variant, 27 for the fast and simple vérizh
After the completion of ten rounds in the game, a 20 questien i for .the slow and complex variant, and 28 for the fast and cempl
game questionnaire was administered. Once the questienmas variant.

completed, the subject was informed by the game that th&tinte 4.1 Questionnaire

session was over. The entire testing session took from 1@ to 2
minutes depending on the speed of the variant and the prudicie
of the subject.

A two-way analysis of variance (2-way ANOVA) was conducted
on each questionnaire response using pace and complexite as
independent variables. The slow pace and low complexiisenf
each variable were assigned numerical values of -1, whildett
pace and high complexity levels were assigned values of 2 Th
five different questionnaire responses were scaled on ardnés
disagreement) to 1 (strong agreement) scale. In almosasis;
there was not a significant difference across the two levietbeo
pace variable (at 0.05). Pace did have a small effect on nsgpo
the question of whether the user was engaged by the game3@;=4.
p=0.0386,R*=0.076).

Across levels of complexity, users showed a marked diffezen
in responses to the statement “this game was difficult tonfear
(F=63.69, p<0.0001,R?=0.41), and the statement “this game was
difficult to play” (F=77.2, p<0.0001,R?=0.44). Complexity also
had significant difference in responses to the statemeist ime
held my attention” (F=4.31, p=0.0&2=0.077) and the statement
“this game had a goal” (F=5.88, p=0.0172?=0.066). Analyses
using questionnaire responses for age, gender, compuge asd
game usage as controls did not find significant results.

Figure 2: Game Tutorial 2A full copy of the questionnaire can be found at:
http://www.cs.wpi.edu/"claypool/papers/game-fun/



4.2 User Performance

Users showed evidence of improving performance over theseou
of their ten-round play sessions. The user's margin of vycawer
the opponent was used as a measure of individual round perfor
mance. This value had a maximum of 10 (perfect victory) and a
minimum of -10 (utter defeat). When considering all rountsyed
by all users, the complexity of the variant showed a signittied-
fect on the margin of victory (F=661,<®0.0001, R*=0.392), and
mean margin of victory increased based on round number {#=3.
p=0.0009,R*=0.0272).

Figure 4 illustrates the difference in average performanee
tween the simple and complex variants over the course ofditi®
of time. In this figure, the horizontal axis represents thentbof
the game and the vertical axis represents the point diféerear
margin-of-victory, at the end of the round. There are fouadze-
ries which represent the four game variants, and each dataipo
the mean margin-of-victory in that round for users who pthireat
variant.

Performance

e =

—&— variant0 (slow, simple)
variant1 (slow, complex)

—A— variant2 (fast, simple) 7|

~— variant3 (fast, complex)

5 6 8 9

Round Number

10

Figure 4: Mean Performance (point difference) over Time
(rounds)

Figure 4 indicates that there was a large performance gap be-
tween players of the simple and complex variants. On average
users of all variants improved in their margin of victory loyighly
4 points over the course of testing. Notice that althoughrave-
ment in performance was similar, average performance aflse
the simple variants begins and ends in “winning territoryhile
average performance in the complex variants begins inrftpsér-
ritory” and approaches the win-loss threshold.

4.3 Enjoyment versus Time

Figure 5 shows a graph of in-game user enjoyment over thseour
of the ten rounds for each variant. The horizontal axis regmes
the round number, and the vertical axis represents the nean r
ported enjoyment in the [-1,1] range. In this graph, enjoytra-
pears flat with the simple game variants, but enjoyment apgea
increase over time with the complex variants.

One could assume that the more complex variants were more
difficult and therefore as the user’s performance improséuk felt
a greater sense of accomplishment in overcoming the clgalen
However, as observed in Section 4.2, the absolute improveime
mean margin-of-victory from round 1 to round 10 was similar f
all variants. If the users were simply judging their inciagsnas-
tery of the game, enjoyment over time should be similar for al
variants.
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Figure 5: Mean Enjoyment over Time (rounds)

4.4 Enjoyment versus Success

With our chosen factors of pace and complexity not havinghmuc
effect on user enjoyment, enjoyment with respect to usefoper
mance was examined next. First, the post-game enjoymemntteep
in the questionnaire was compared to measures of overdtirper
mance. For measures of overall performance, the fractioounfds
that the user had won and the user’s average margin of viotaty
all rounds were used. A regression on enjoyment was done with
respect to pace, complexity, fraction-won and averagtssic In
this model, fraction-won showed a significant effect (p4@.0pa-
rameter estimate 1.33) on the user’s post-game enjoyment.

Next reported enjoyment on the individual-round level was e
amined. The variable “won” was assigned the value of 1 for a
round that the user won and a valued of 0 for a round that the use
lost. A regression on the reported enjoyment was done fdn eac
round across all users with respect to pace, complexity amd w
In this model, won showed a significant effeck(@.0001, param-
eter estimate 0.6) and complexity also showed a signifidiette
(p<0.0001), parameter estimate 0.14) on the user’s enjoynfent o
an individual round.

Finally, with success seeming to be a significant factor ierus
enjoyment, a regression on individual round enjoyment wased
with respect to the user’s margin of victory in that round.ttis
model, margin of victory showed a significant effect on roemnd
joyment (p<0.0001).

Visually, this relationship can be seen by looking at a graph
the mean reported enjoyment for each margin of victory (sge F
ure 6). The horizontal axis represents the margin of victomg
the vertical axis represents reported enjoyment. Each mizite
in this graph represents the mean of the reported enjoyroeatf
rounds that ended in the given margin of victory, with theticat
lines depicting the standard deviation. The number of reuhdt
ended in the respective margin-of-victory fall in the raf@2@ 147].

The interesting feature of Figure 6 is the large jump in reggben-
joyment between a margin of -1 (barely lost) and 1 (barely)won
Also interesting is the falloff of enjoyment close to the mds that
were perfect victories. This is empirical evidence of arvéiried-

U” phenomenon [YD1908]. However, unlike the Yerkes-Dodson
function, which plots learning versus arousal, this inve+tU ap-
pears in a graph of performance versus enjoyment. This gsaph
similar to the Goldilocks Functions described by Burns tietdte
fun to win-probability [BU2006].

This exploration of mean enjoyment also elucidates thediff
ences in enjoyment over time between the simple and complex
game variants. Referring back to mean performance per round
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one can see that over the course of testing, the averageqisips
involving a simple variant moves from moderate success & ne
perfect success, whereas the average play session inyal\dom-
plex variant moves from moderate failure to the barely/hzsely-
won threshold. Thus the users with the simple variants angngo
down the right decline of the inverted-U as their play immesy
while users with the complex variants are moving up the Ieft i
cline of the inverted-U as they improve. Both groups’ parfance
may be improving to a similar degree, but what appears to be im
portant is not how much performance improves, but how clbse t
user’s experience was to the “sweet spot” on the invertedfn
formance.

on the keyboard. The buttons for blocking were located on the
numeric keypad of the PC keyboard. If the user tried to pres&it

key, but overshot their target by a full row of keys, they wbhit

the ‘numlock’ key, which would cause the game to stop recziggi

key presses on the numeric keypad. The data for the few cases
where this issue interrupted testing was discarded.

5.2 Problems with Pace

Our original intent was to have the enemy attack at a rate of
one attack every two or four seconds, depending on the varian
During informal testing, we realized that how quickly a useun-

5. DISCUSSION tered the opponent affected how fast they perceived the gfabe
game. For example, assuming a two-second attack intefuhk i
5.1 Development Postmortem user blocks and counters in 0.5 seconds, the opponent'sitiagk

A|th0ugh using pre_rendered 3D art saved a great deal ofteffo would occur 1.5 seconds after the counter attack. If the weee
the consequence was that the game had a very large memory footless proficient in recognizing the condition and respondthgir
print. Because of the Game Maker middleware development pla block and counter could take as long as 1.5 seconds, leaviyg o
form, there was no ability to optimize the memory usage of the 0.5 seconds before the opponent’s next attack and makinggttes

sprite engine. It is likely that images for all frames of aation
were held uncompressed in memory simultaneously, with gam

of the game seem much faster.
Instead, the pace was changed from a rate of attack to a delay

ory usage of the game becoming excessive. |n order to save mem until the next attack. This way, no matter how Iong the usekto

ory, the frame rate of the animations were halved, thus hglthe
number of images per animation. Even after this change, memo

to execute their actions, the duration until the opponemt)st at-
tack would be constant. In doing this, the mistake was made of

usage often exceeded 250 MB. The user studies could not be con keeping two-seconds and four-seconds as time values. wWiofjo

ducted on machines with slow hard-disks or insufficient RA® b
cause disk caching effects slowed the pace of the game agithien
ening the response interval for reacting to a punch. Forélyahe
campus lab had powerful enough machine machines that wire ab
to play the game smoothly.

After testing, a few subjects reported difficulty in distingh-
ing between the high- and low-kick conditions until it was tate.

the user study, it became clear that the chosen levels fqpahe
factor resulted in little difference between questionaa@sponses
especially in reported level of difficulty, where the comyite fac-

tor showed a large effect. Prior to the change, the effectalay
before the opponent’s next attack following the completiéthe
user’s response would have been the attack interval mireusntie
for the user to recognize and respond to each attack. Théy del

The intent was to make each animation such that as the opponenWwould have been close to one-second for the “fast” variaants,

transitions into the “tell” poses the task of recognizingteaon-
dition would be easy. In the case of the kick animations, étie t
poses were similar, and early frames of the animations rdiffe
only slightly (see Figure 7). If the subject was unable tcedet
this subtle difference, then the condition would not be getoed
until a later point in the animation, and the user would hdfece
tively less time to react with a block action. It is possiliattthis
problem was caused in part by the frame-rate reduction cérite
mations (described above), a step which was taken to savergem
To correct this, the kick animations could be reworked shelh the
difference is clear at an earlier time.

In a few cases, a problem arose due to the location of inpugt key

close to three seconds for the “slow” variants.

5.3 Cognitive Modeling

An underlying assumption of this research was that the usafdv
recognize a certain condition, make a decision on how tooresp
and then respond within a certain amount of time. Within this
teraction, only the cognitive task of decision making wasieied,;
however this process also involves the perceptual taskcofyréz-
ing the conditions and the motor task of executing the resgan
It became clear when certain users had difficulty diffeairty be-
tween a few of the attacks, and when users overshot or mibsed t
appropriate key, that the perceptual and motor tasks avérafsor-



tant factors in at least the difficulty of the game, if not tigéegtain-
ment value.

6. CONCLUSIONS

The original goal of was to determine if the complexity of aga
impacts its entertainment value. However, our measurecé p
and complexity did not show a direct relationship to postiga
evaluations of enjoyment. The complexity variable did stzosig-
nificant effect on subject performance, perception of diffic and
reported in-game enjoyment. This result supports our thgsis
that complexity affects enjoyment, but also indicates apartant
difference between in-game reporting of enjoyment and-gastie
reporting of enjoyment.

Subject performance improved similarly across all vasahow-
ever in-game enjoyment did not follow improving performanc
Post-game enjoyment was significantly related to the foactf
rounds won and in-game enjoyment was significantly related t
whether an individual round was won. An analysis of in-game e
joyment with respect to margin-of-victory showed evideontan
inverted-U phenomenon. This differed from previous resiean
that performance was treated as the independent variatlleran
joyment as the dependant variable. The difference in engoym
over time across game complexity can be explained by obwgrvi
that players of the simple variants were approaching peyfeic-
torious performance, while players of complex variantsenap-
proaching barely victorious performance. The experimesta

idence showed that mean enjoyment peaked at levels of perfor

mance near barely victorious, and fell off towards perfewit-
torious, thus players of complex variants were climbinghgen-
joyment curve while players of simple variants were slidifogvn
the side. This result is significant in that proximity to thetory-
threshold is an important factor in the enjoyment of a ganch s
ours. This result also contradicts the idea that masterygznae
leads to enjoyment, because it indicates that an incregseriar-
mance can lead to a decrease in enjoyment.

Although the differences in our cognitive models did notlakp
user enjoyment very well, they were good for characterizingsk
and speaking of its difficulty. Cognitive models provide ughw
tools to speak of the equivalence of games. Once the stalctur
similarities in the gameplay of different games can be dised,
factors outside of gameplay that influence enjoyment canebe r
searched. Would two games that have identical cognitiveetsod
be enjoyed differently by users if they are framed in différeon-
texts (e.g. a competitive activity versus a cooperativéviagt or
had a different style of artwork (e.g. cartoon 2D spritesusrre-
alistic 3D models)? If gameplay can be isolated, then it can b
determined if there are demographic differences in enjoynand
so determine to what degree factors such as gameplay, tamigx
aesthetics contribute to these differences.

The motivational factors that help explain user enjoymédraro
interactive game are also rich areas for future work. Wittceas
seeming to play heavily into user enjoyment, further resteaould
investigate how goals play into enjoyment. The differericesn-
joyment between a game with one clear victory condition and a
game with multiple goals could be explored. Determining how
many goals are necessary for enjoyment, or whether a usker wil
create goals to enjoy overcoming can be undertaken. Thet effe
frequency of goal-satisfaction, and perceived probabdit goal-
satisfaction on user enjoyment can be examined. Socia gogh
as competition and cooperation with other people couldlasion-
portant factors in user enjoyment to be explored.
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