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ABSTRACT

Playfulness steering is an emerging approach ircadwnal game design and play. The
integration of arithmetic computation, game strgtegnd teamwork into one game allows
players to interactively “steer” the playfulnessdaanhance learning. In this paper, an
evolutionary contest game was designed and implerddgn examine the influencing factors.
Through action research, focus groups and hermienedthods, the results of this study
suggest that the playfulness design of an evolatipgame is influenced by the degree of
uncertainty, flexibility in decision making, thevie of challenge, equal conditions for fair

play, opportunities to compete/cooperate, andetel lof interactivity.
Keywords: educational games, playfulness, evolatipigame, game design, types of game.

INTRODUCTION

The trend towards increasing use of games for ileguimas become an important tool for “net

generation” learning. When players are interestesoimething, it keeps them engaged, and
when their attention is on one thing, they are dieed as playful (Eysenck & Keane, 2000).

Webster and Martocchio (1992) define playfulnesstltes device that attracts players’

attention and involves them during their play. Néweless, there has been worry that
educational games lack playfulness, which will acdbuse students’ interest in playing to
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learn (de Freitas and Oliver, 2006). Brown and B@002) agree that attention is one of the
most important psychological processes that regula experience of flow (Woszczynski,
Roth & Segars, 2002). In other words, the duratibthe flow experience has a large effect
on whether a player describes their interactionglagful or not (Woszczynski, Roth &
Segars, 2002).

Playful devices include online and offline gamebke Viewer’s use of offline playful games
can extend the impact of learning positively (Wagnski, Roth & Segars, 2002;
Csikszentmihalyi, 1990; Hoffman & Novaka, 1996)pmote more exploratory behaviors
(Ghani, 1991; Hoffman & Novaka, 1996), increasdasity and intrinsic interest (Webster et
al., 1993), heighten openness (Woszczynski, Rothe§ars, 2002; Martocchio & Webster,
1992), and encourage self-efficacy (Potosky, 2002)addition, Martocchio and Webster
(1992) reported that computer playfulness is ndy aorrelated with positive computer
attitudes, less computer anxiety, and positive mateén using computers, but also more
strongly related to such outcomes as learning, mand satisfaction than computer anxiety
or computer attitudes.

In the sense of playing, if students cannot getlved, make mistakes, self-challenge, and
learn, then they will not find interest (Schank,9I® Nevertheless, playfulness is
characterized as flow experience by some commanegits (Pace, 2004): a balance between
the challenges of an activity and the skills regdiito meet those challenges; clear goals and
feedback; concentration on the task at hand; aesehgontrol; a merging of action and
awareness; a loss of self-consciousness; a ddtsetgse of time; and an autotelic experience
(Csikszentmihalyi, 1975). If a player fully loseslfsconsciousness, then learning
effectiveness decreases, especially in those gastieeducational purposes. In other words,
when the game becomes too playful for the playam the or she may not be able to reflect
and learn (Bork, 1992; Prensky, 2001). Playfulreess learning can be viewed as two ends
of a continuum. To the extreme of playfulness, ptaywill not learn; on the other hand, to
the extreme of learning, there is no fun createdthyy game design and the players’
interaction with the game and its design. Therefareessential issue for educational game
designers is how to design a computer game thhtditriacts players’ attention and enhances
learning. Lin, Wu and Tsai (2005) suggest thatglagfulness of on- or off-line games will
be most influenced by game content design. Thesefthis study focuses on the game
content design including the playing rules and citme, and how these design elements

influence playfulness.



GAME DESIGN FOR PLAYFULNESS

Play is at the center of all game experiencesvat exactly is play? The idea of a game is
that people are engaged in some activities in wkiiey make a palpable and discernable
contribution to the outcome. This is done througpracess of spontaneous improvisation,
exploration, discovery, deduction, and intuitiong&me can generally be described as a goal-
oriented experience (which may include sub-goaig)) a certain configuration of obstacles,
resources, rewards and penalties, and various tfpegormation that the players can use in
forwarding their objectives (Pearc002). Because game players tend to seek graitficat
escape, entertainment, interaction, and survedglaptayful features are a strong factor in
influence and engagement (Klein, 2000).

As noted earlier, computer playfulness has beenelkby these researchers as a motivation-
related, but relatively stable individual attributet represents an individual's experience of
cognitive spontaneity when interacting with compugames. Therefore, computer game
design has to involve the learners with positivgagrement (Kiili, 2005). As Dietrich (2004)
notes, flow or playfulness allows someone to béyfehgaged in the task at hand while
experiencing a decrease in self-consciousnesstiatigo the passage of time and a sense of
failure. Csikszentmihalyi (1996) suggests that ipgrants experience flow as long as the
activity is challenging, absorbing, matched to aypl’s skill level, and provides clear goals
and unambiguous feedback. Flow experience is subjamly to two factors: personal skill
levels and the challenges of the activity. Influsshenostly by individual working memory
(Kiili, 2004; Miller, 1956), personal skill levels turn have effect on the level of playfulness
experience. As for the challenge level, if the taskand proves too challenging to the player,
he may experience too much anxiety while playingtte contrary, limited challenges would
probably leave the player bored (Kiili, 2005).

Kiili (2005) suggests a model that can be used wiesigning playfulness in educational
games. His model describes learning as a cyclicga® through direct experience in the
game world. The experiential gaming model con$@n ideation loop, an experience loop
and a challenge bank. The operational principlthefmodel can be derived from the human
blood-vascular system. The challenges based ora&doal objectives form the heart of the
model. The task of the heart is to sustain the vattn and engagement of the player by
pumping appropriate challenges to him or her. Terceame the challenges, a player
generates solutions in the ideation loop refleckasger circulation.

Playfulness is generated through design. Playfathesed game design focuses on

repetition, variation and rules (Coyne, 2003). Tesigner can incorporate repetition in a

-3-



game by including repetitive drills, while invohgrvariation by varying goals and gaming
approaches. On the other hand, the rules of a gam&eep players from varying game rules
at will and ensure fairness between players.

Keller (1983) suggests that in the content desifjrgames, four essential elements are
considered to motivate learners: arousing interestéating relevance, developing an
expectancy of success, and producing satisfactiopldyersNorthrup (2001) divides game-
based interaction into five categories: interactiath content, interaction or collaboration
with people, trade-off selections limited on plagjechallenge and support for players, and
player transformation. Andresen and Ahdell (200&@) ¢hat effective game-based learning
provides fun and engagement with crucial elemeamth &s interactivity, flexibility, dramatic
effects, ease of device use, competition and reakice, Rogers, Scaife, Stanton, & Neale
(2003), on the other hand, suggest that the plagfsd of games is modified by the level of
user engagement, reflection, imagination, collatimnaand exploration through interaction.
As Tapscott (1998) believes, good games that iegpger engagement or playfulness enable
them to explore and think and thereby encouragicgeation of non-users.

The six design elements that Andresen and Ahdé@0Zp suggest above mainly apply to
designing on-line games. Dramatic effects and sealn particular are key factors in games
that keep users motivated. This study, on the dthad, focuses on developing a game-based
learning platform that decreases the use of suemmegits; instead, players enjoy the game
through user interaction and collaboration, as eatggl by Price, et al (2003). With a
theoretical framework based on the six-elementrihéy Andresen & Ahdell (2002) and
five-condition theory by Price, et al (2003)., tlsgudy organized characteristics of game-
based learning into six key categories: degreenckrainty, equal conditions for fair play,
opportunities for competition and cooperation, legé challenge, flexibility in decision
making, and level of interactivity, as describetbine

1.Degree of uncertainty

Classical game theory predicts that a group ofistdfested players will reach a set of
strategies, known as Nash Equilibrium (Nash, 1986 which no players can increase

their payoffs individually. Similar to the experimtal studies on expected utility theory,
however, empirical studies have frequently demauetr that people seldom play without
prediction (Camerer, 2003).

Moreover, Kahneman and Tversky (198&tinguish two types of uncertainty as external
uncertainty and internal uncertainty. External utaaty occurs whenever we think that our

uncertainty is due to coincidental chance evengsworld which we cannot control.
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Differing from those related to external uncertgjmternal uncertainty is induced by
varying the degrees of instructed knowledge aldmaintinning rules (Teigen, 1994).

Games require a balance between external and ahtemoertainty. For example, people
commonly express disappointment even when the mésmf their decisions are determined
entirely by chance, and animals react negativegnavhen they are merely exposed to the
possibility of receiving a better outcome (Bros®ade Waal, 2003). Then, the game of

Strike Up will encompass and examine the factarmafertainty effecting to playfulness.

2. Equal conditions for fair play

John Nash proposed the Nash Equilibrium in theD$9Be argued that if there is a set of
strategies with the property that no player carebiehy changing his strategy while the other
players keep their strategies unchanged, thers¢hatf strategies and the corresponding
payoffs constitute the Nash Equilibrium. This irates that no player will obtain a higher
expected utility by making a different decisione&ch other player’s decision is viewed as
fixed (Vlaev & Chater, 2006). From the extensiohthts game theory, the equilibrium

notion has been redefined in a number of ways (foelg & Tirole, 1991; Vlaev & Chater,
2006).

Colman (2004) proposes yet another game strudfvinen two (or more) decision makers in
a game both have equal knowledge of game-spedifitegies, then both or more players
believe they have opportunities to win the gameaAssult they will continue to engage in
playing that game. In addition, the interactivitil e affected by the incentive scheme and
the fairness of rules (Baldwin & Bengtsson, 2004)is theoretical hypothesis will be tested

in the multi-team cooperative garBérike Up

3. Opportunities for Competition and Cooperation

Based on the motives for interaction and the interedf the relationships concerned, five
types of interaction are distinguished: confliabmpetition, co-existence, cooperation, and
collusion (Easton & Araujo, 1992). Conflict and qoatition are described as active vis-a-vis
competitors, although they differ in terms of thetives for specific interaction. Conflict
represents object-oriented competition, geared detrdying the opposing counterpart.
Competition is goal-oriented, directed towards acimg one's own goals even though this
may have a negative effect on other competitorsexistent competition occurs when actors
do not see one another as competitors, and theratdrindependently of each other. Finally,

in cooperation, the companies involved strive talsathe same goals, for example by
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working together in strategic alliances or projedisston and Araujo (1992) argue that
interaction between competitors is variable andioaalve both cooperative and competitive
interaction.

Deutsch (1962) argues that collaboration takesephdeen individuals form a team in which
they strive for a shared goalauer and Harackiewicz (2004) propose t@npetitionis
characterized by four features. First, the winserat explicitly identified. Second, opponents
are similar, if not equally matched so every plagimds a chance of winning. Third, the
rules are well-defined to ensure fairness. Finalbympetitors are able to estimate their own
progress against opponen@ompetitionis complete with these four elements, and cansbe a
effective in motivating students asooperation Studies exist to show that individual
performance benefits from competition among tedans\, Bornstein, & Galili, 1993; Reeve
& Deci, 1996).Competitionis one key feature to all kinds pfaying because it increases
playfulnesgLieberman, 1977) olun engagemerdf the game (Natriello, 1984). In addition,
Haynes, Smith and Turk (2003) point out that atshidbm individual performance to
competition and collaboration increases game-sup@agxperience sharing in which slow
learners progress by observing strategies usedaby learners. Thus, the impact of

competition-cooperation on the game playfulnesklvelviewed in the Strike Up game.

4. Level of Challenge

The game offers challenges arising from activitighout known outcomes, most likely
due to the hidden, random, and multi-layered infation in the game (Malone, 1981).
Hidden or random information will create a challentpr studentsand multi-layered
information will result in the complexity for studis to manage. The wommplexcan be
defined asconsisting of interconnected or interwoven pa(Batra & Wishart, 2004).
Sorrentino, Simithson, Hodson, Roney, and Walk€08 suggest that game complexity is
proportional to the level of uncertainty in it. i@ more specific, the more uncertain the
surrounding situations are in a game, the more t®mphe tasks become. Besides
uncertainties, they add, individual motivation aisluences game complexity. Mosleh and
Chang (2004) emphasize that one’s knowledge bdhemtes one’s working memory. In
other words, people with different knowledge bapesceive task complexity differently.
Game difficulty taxes one’s working memory, andumn increases cognitive strain (Evans,
1983). Daily, Lovett, and Reder (2001) also poiant that given difference in individual

working memory, people perceive complexity of ktdsferently.
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On the other hands, Brodeur and Boden (2001) #gtatechildren do not perform well when
they have no control over allocate their attent®radeur (2004), in addition, points out that
the children benefit from the ability to assestdsgficulty, which prevents them from
making habitual responses to that task. Studenk® pEpgress in games that require them to
constantly reflect and perceive the difficulty betrules. Rule difficulty plays a key role in
how much rule switching should be made. Tasks V\iitle rule difficulty tend to prevent
children from thinking flexibly. Overly difficult pabstract rules, nevertheless, deprive them
of fun and game engagement (Deak, Ray, & Pick, 004

In considering the complexity and difficulty of arge will effect the playfulness, this study
set up some flexible and some fixed rules to ghalenges to the players.

5. Flexibility in making decisions

In the context of a game, players determine theategy choice by gauging opponents’
thinking and observing their behavior (Hedden & #dpa2002). Rules of a game give players
a set of options that allow them to proceed withim designated framework. In the process of
playing, the probabilistic thinking and furcatingded decision-making factors may influence
players’ predictions and decisions (Harris, 2003).

In neither of the above games can players preldéicotitcome of their opponents’ next move
(invisible opponents). In addition to those factarfuencing players to make decisions,
trade-off mechanism embedded in games will alloayet to take risks by which the
engagement of game will promoted. Then, the numfwgrsalculation, function cards to be
applied and trade-off schemes to be choiced ingtmee will be designed to promote the

game playfulness.

6. Level of Interactivity

Game theory characterizes the problem of sociataction with a payoff matrix for multiple
decision makers (players) and a set of alternaot®ns available to each player. Generally,
games can be divided by their structure into twpety one with the players making
concurrent moves, and the other with them actintuin (Abele, Bless, & Ehrhart, 2004).
The two are labeled as simultaneous and sequeggiales, respectively. Downes and
McMillan (2000) used a qualitative approach to tfgnsix interactivity dimensions:
direction of communication; time flexibility; sensé place; level of control; responsiveness
and perceived purpose of communication. The chdiogension does not refer simply to

informational and navigational alternatives for lammusers. But, such user- and system-
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friendly choices reduce user confusion and frustnafChen & Yen, 2004) and will increase
the engagement of game. The game used in this ,stumyever, will involve visible
opponents as players are allowed to make theirdseisions while taking turns playing.
Drawing on the points above, this research takesmasdel the content design$tirike Upto
explore optimal designs for integrating the sixwats into a game that provides a ‘playful’

experience for adolescent calculus students.

GAME CONTENT DEVELOPMENT

1. Strike Up: Background

Bonnie Anderson from University of lllinois devele WEST, the first computerized game-
based learning platform in 1976 (Sleeman & Brow882). WEST helped enhance students’
learning motivation by encouraging them to compaainst the computer in various game
contexts. The player’s goal was to beat the compayteising four arithmetic skills (Dugdale
& Kibbey, 1997) Given the growth in popularity of computer gamedzhdearning in
Taiwan in the 90s, Professor T.W. Chen and hisarebeteam from Taiwan’s National
Central University launched a serieslofernet-supported peer-to-peer learning systéays
augmenting WEST into a decentralized learning systalledDistributed WESTChan &
Baskin, 1990).

To be used as a research tool for the study, thee@drike Upwas revised from WEST
based on the above theoretical statements. In tefrtiee game’drill & practice function,
researchers changed the learning thenfeuparithmetic operationgvhich subjects are more
familiar with to K4 and above students. On the gansempetitionmode, players o$trike
Up have two choices, 2 vs. 2 mode or 3 vs. 3 moee §¢ppendix 1).

Moreover, dice are substituted with playing camstrease game complexity. Each card
dictates different game conditiod$yimber Cardsre used to indicate numbers used in

arithmetic operations, while certain cards aregtestied as speci&lunction CardsSome

cards limit or increase players’ use of four matagoal symbols ¢ ; - ; x; +). For example,

mathematical parenthesis) ” may be added to adjust game complexity for défamlayers.
In terms of game difficulty, the originBumping rangevas enlarged to increase game
difficulty.

2. Types of games



Squire (2003) categorizes digital games into &ilpractice games and simulation games.
Some games are regularly used for education purgoseto their easier integration into
conventional teaching, such asmrichment exerciseduring users’ independent research
periods. Another example gmulation gamessuch as war games that involve role-playing
for users to perceive issues from different perspes that come with a new identity.
Prensky (2001), on the other hand, proposes ar-e&jbgory classification of digital games,
including action, adventure, fighting, puzzle, rplaying, simulation, sports, and strategy
games. In contrast to Prensky (200&yjuire (2003)ivides games int@xercise typend
simulation type

Leslie, Friedman and German (200assifies types of learning into domain-specifiecl a
domain-general according to the educational impboa embedded therein. Domain-specific
learning focuses on acquisition of subject-speckitowledge, whereas domain-general
learning emphasizes user’s analysis and reasobitiies. Moreover, games can be divided
into drill & practice type, single combat type, 8t contest type, evolutionary contest type
and contextual type according to the inherent &tfohs on game goals and strategy choices.
Those types are illustrated as follows:

1. Drill & practice game: Domain-specific games that encourage playersoloes
problems by correctly applying knowledge, but gplayers less chance to exercise
game strategies.

2. Single combat game: The games require players to use domain-genexavledge
under time constraint; players may combat alonéeam up with partners against
virtual player in computer or related devices.

3. Stable contest game: The games require players to apply domain-speaifnd
domain-general knowledge interchangeably; playses eane or two simple sets of
strategies in combats.

4. Evolutionary contest game: The games are played between two teams or manyste
as game context and strategies continue to chamgavery turn. Some of them
emphasize players’ use of domain-specific knowleeadele others focus on domain-
general knowledge.

5. Contextual game: The problem-solving games are played between teams or
among many teams. Players have to go through asahygothesis, and verification
stages to win the game. Success relies heavilyayeps domain-specific knowledge

supplemented by domain-general knowledge e.gplale
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An Evolutionary game is essentially an agent-oednjame. The game design is based on
four factors: 1).Interactivity: Learners are required to solve problems; Rgflection.
Learners give reasons for choosing the problemisplmethod; 3).Feedback:Learners’
mistakes are identified; and 4uidance Game software provides an explanation of answers
and opportunities to explore game context, testothgses, and construct concepts (Kiili,
2005). In a dynamic game scenario, players musttaotly evaluate and adjust the
competition/collaboration strategies ( Menaschgu€iredo, & Silva, 2005; Sigmund and
Nowak, 1999), thereby engaging themselves in lodicimking (Menasche et al., 2005).
Evolutionary contest gamesncourage players to adapt decision-making to &mmp
information input. Several design principles arac@l to Evolutionary contesgames: 1).
Games are played among teams composed of sevemalnembers. 2). Player interaction
continues as time elapses. 3). Players choosedifbenent game modes; 4). Player decisions
are associated with valuable vectors 5). Playeyjgsagame strategies according to game
dynamics (Menasche, et al., 2005).

The research todbtrike Upenables players to interact with content, collab®mwith peers,
and benefit from player support (Northrup, 20dt)also allows players to decide on game
rules and boundaries (Turkle, 1984). It is botktrategy game according to Peabody (1997),
and a contest and constructive learning (Prensk@1R Thus, Strike Up game can be
considered as an Evolutionary game.

RESEARCH DESIGN AND RESULT

Three phases took place during this study: desitps and features &trike Up factors
influencing playfulness; and identifying key faconfluencing playfulness. The individual
research method and results will be discussed dicgpto the developmental phases. The
teachers were invited as experts to participatkarplanning and completion of each phase.
At each phase, eight teachers presente&tiiee Upgame to his or her k-5 or k-6 students to
play at least 3 times. The teachers were invitegkpsrts to participate in action research,

focus group panel discussions and hermeneutic godin

Identifying the key factors influencing playfulness

Martocchio & Webster (1992) argue that players velne higher in cognitive playfulness
would be more spontaneous, inventive, and imagieatthen interacting with computers.

Their research has also suggested that an indilgdiemdency to interact playfully with
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computers is positively related to game contentigte¢Martocchio & Webster, 1992).
Computer playfulness may also explain why someviddals will show greater increases in
self-efficacy (Potosky, 2002). Phase Ill examines telationship between playfulness and

game content design by using a hermeneutic reseapoach.

Research method: Hermeneutic approach

Practitioners ‘know’ playing will be influenced bmany things; practice context, team
structures, level of education and experientialettggment. This raises the issue of relativity
of knowledge. Can we accept that some dimensiomaging knowledge are transitory and
open to development and refinement? Indeed plyri# well with a practice which ‘values
the role of perception, uniqueness and individyatitgame playing’. The issue is also raised
by Pearson (1992) who stresses the need to mowve &o individual perspective on
knowledge to a more collectivist approach whereviddal knowledge is articulated, shared
and made available to others. This would allow iticat review of knowledge to be made
visible.

Until recently there has been limited encouragemintarticulate this dimension of
knowledge. Indeed, there has been a tendency s foa more technical rationality or
codified knowledge. By discussing with learnersnines or experts are inclined to draw on
the theory that informs player's perceptions andoteons, rather than the particular
knowledge developed as a consequence of being exposa game situation. One reason for
using this may be that practitioners lack the mearexpress this type of knowledge. At the
same time some players may easily identify theiention in game playing but they know
they would experience difficulty in describing whaey have been doing (Fish, Twinn, &
Purr, 1991).

The hermeneutic strand of phenomenology speciiaailgages with the problem of making
the implicit more explicit. The purpose of hermeinesiis to bring ‘into nearness that which
tends to be obscure’ (van Manen, 1990). Theretie hermeneutic approach can examine
the awareness of game mentors without them thin&lmgut it. The hermeneutic approach
asked game mentors to remember and interpretpghesireflexive consciousness of observing
students’ game playing and then construct the dsnes and articulate the sense of
discovery in students’ playing (Schwandt, 1994).

The hermeneutic method proceeds as follows: 1) [Dpva checklist by categorizing the
results obtained from focus group panel discuss2priet the experts understand what the

-11 -



categories are and what they are all about, and timecussions about the checklist. 3) Let the
experts revise the checklist using the similaritbesdifferences between ideas. 4) Repeat
steps 2) and 3) until the experts agree upon alt#tegories and how they work. 5) Separate
the eight experts into two groups of four. 6) Theerts code or weight each category in the
checklist. 7) Categorize what the experts have a¢aodspectively. 8) Have the codes of the
two groups go through Kappa coefficient of agreeim@nAnalyze their consistency before

determining their correlation.

The Findings: Explanatory power of playfulness

Based on the former two phases, a checklist wasldged during the third part of this study.
This checkilist includesix major categories, namely “degree of uncertairtigxibility in
decision-making”, “equal opportunities for fair pla“opportunities for competition and
cooperation”, “level of challenge”, and “degredrmkractivity”, under which lie 30 items
altogether. Following the research procedure ohttreneneutic approach, the teachers who
conductedstrike Upat least three times categorized the 30 item$éi@wrchecklist and made
corresponding revisions to this checklist. Finalhg eight teachers were divided into two

groups of four to code or weigh the explanatory @ouf playfulness as follows:

Correlation| Correlation
evaluated | evaluated Features influencing “playfulness” of the game
by group A| by group B
1. Degree of uncertainty
High High ( 1) Players being unable to predict whether or wheg the
will be “bumped back” by other players
Low Low ( 2) Players being unable to predict what Number Cards
they will get
High High ( 3) Players being unable to predict what Function Cards
they will get by which they will be punished or awed.
Medium Medium | ( 4 ) Head starts in the game not guaranteeing victory.
Medium Medium ( 5) Players being “bumped back” more frequently when
most players crowd near the end and are clumpheget
( 6) Players having to move backwards if the calculated
Medium | Medium | nymber exceeds the exact number it takes to sty ait
the finish.
High High ( 7 ) Players who are good at arithmetic operations| not
necessarily winning the game
2. Flexibility in Decision-making:
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High High ( 1 ) Players diversifying game strategies based| on
permutations of the Number Cards
High High ( 2) Players using the Function Cards to help or sakqgtag
other players.
Low Low ( 3 ) Players having to choose between maximal or
optimal moves.
Low Low ( 4) Players having to decide whether or not to enter th
“Safety Area”
3. Equal condition for play fairly
Medium Medium | ( 1) Involving players with similar math ability
Medium Medium ( 2) Function Cards being adjusted to favor players with
lower math abilities
Medium Low ( 3) Players with lower math proficiency being allowed t
draw less Number Cards
High High (4) The game rules applying to all players without
discrimination.
High High ( 5) Each team consisting of players who are both good
and poor at math.
Medium Medium ( 6) Players having to constantly consider the “trade-pf
of subsequent success.
4. Opportunities for Competition and Cooperation:
Medium High (1) Team players collaborating so less capable players
feel comfortable throughout the contest.
Medium Medium ( 2) The collaborative nature of the game engaging gtfon
internal and external motivation to win.
( 3) Speed of arithmetic operation being incorporated in
High Medium | the game as an extrinsic motivation to enhance| the
engagement of players.
5. Challenges:
Medium Medium ( 1) Difficulty for players to come up with the exact
number to reach the finish.
High High ( 2 ) Difficulty for players to calculate with so many
Number Cards.
High High ( 3) Complexity of game rules.
( 4 ) The combination of Number Cards and Function
Medium | Medium | cards creating challenges for moving backward| or
forward.
High High ( 5) The “bump-back range” creating challenges.
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Medium Medium | ( 6 ) The time limitation of playing creating pressure.
Medium Medium (7) | The appropriate cognitive load for arithmet
operation to meet challenges.
6. Interactivity:
Low Low ( 1) Players not having to wait too long for their turn.
Medium Medium (2) Players_ having opportunltles to discuss with ang
teammates in calculating
Low High ( 3 ) The game providing opportunities for mutual

assistance.

According to the above hermeneutic analysis ofatitrgbutes of playfulness itrike Up this

study has developed the general checklist for itefmglayfulness. After reviewing the

checklist, the two groups of teachers coded thellef correlation for each item as High,

Medium, and Low. The final results were then anatiyzising Kappa analysis, shown as

follows:
High Medium Low Total
High 10 1 1 12
Medium 1 12 0 13
Low 0 1 4 5
Total 11 14 5 30
. . .26
The proportion correspondingPC) is 30 =0.867
Code Marginal frequencies EPC
. 12 11
High —x== 0.147
30 30
Medium 1_3><E 0.202
30 30
Low R 0.028
30 30
Total 0.377

The expected proportion correspondingPC) is 0.377

PC-EPC _ 0867-0377 _

Kappa=

1-EPC

1-0.377

0.787

With the Kappa analysis, if the Kappa value goegohbd 0.70, it then denotes an obvious

quality.
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It was found that the two groups of teachers showchmsimilarity in their respective
evaluation results. From both groups, 10 items ivece High correlation, 12 received
Medium, and four received Low. Altogether, 26 iteowt of 30 shared the same rating from
both groups. Therefore,

The proportion correspondingPC) is %3 =0.867

The expected proportion corresponding (EPC) oftdmas is 0.377

PC-EPC_ 0.867-0377
1-EPC 1-0.377

Kappa= =0.787

. Since 0.78% 0.70, the Kappa value then indicates an obvioustgua

From the above information, several conclusionsthas be drawn:
1.Degree of Uncertainty
Both groups of teachers give “High” correlationthe following three items under degree of
uncertainty: “Players being unable to predict wketbr when they will be ‘bumped back’ by
other players”; “Players being unable to predicetiRunction Cards their team or opponent
will get”, and “Players who are good at arithmetigerations not necessarily winning the
game.”
Similarly, both groups gave “Medium” correlationdaaother three items: “A head start in the
game not always guaranteeing victory.” “Playerstiggt“bumped back” more frequently
when most players crowd near the end”, “Playersngaio move backwards if the calculated

number exceeds the exact number it takes to gjbpat the finish.”

As for the remaining item, “Players being unableptedict what Number Cards they will
get,” both groups coded it as “Low”.The above resuhdicate that under the category
“Degree of uncertainty”, the three items coded ldigh” in the evaluation play a major role

in promoting playfulness iBtrike Up

2. Flexibility in Decision-making
Under this category, both groups coded the follgawo items as “High”: “Players being
able to diversify game strategies based on perimootabf the Number Cards” and “Players

being able to use the Function Cards to help oovtagle other players.”
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“Players having to choose between maximal or ogtimaves” and “Players having to
decide whether or not to enter the Safety Areatewsbserved as having “Low” correlation
with playfulness.

The two items “Players being able to diversify gastrategies based on permutations of the
Number Cards” and “Players being able to use thecfitan Cards to help or sabotage other
players” both played a major role in increasingyfiiiness irStrike Up

3. Equal Conditionsfor Fair Play

Three items under this category were coded as “Medfor their correlation by both
groups. They are “The game involves players withilar math ability”, “Function Cards”
are adjusted to favor players with lower math &bgi', and “Players have to constantly
consider the trade-offs of each move.”

This time in the evaluation, the game did not offferent versions of playing for
students with varying arithmetic skills. Therefaitee two groups gave “Medium” and “Low”
correlation respectively to “Players with lower mgtroficiency being allowed to draw less

Number Cards.”

4.0pportunities for Cooperation and Competition

For the item “Team players collaborating so lespab#e players feel comfortable
throughout the contest”, the two groups observéslledium” and a “High” correlation. As
for “The collaborative nature of the game engagitigng internal and external motivation to
win”, both groups coded it as “Medium”, while thepserved “High” and “Medium”
respectively for the item “Speed being incorporatethe game as an extrinsic motivation to

enhance the engagement of players.”

5.Level of Challenge

In Strike Up various rules are set to increase the level afiehge. For example, an optimal
value must be found by calculating the figurestm Mumber Cards, the Function Cards are
used to move forward or backward, the Safety Areatrbe used strategically, the bumping
back effect requires a modification in calculatioasd the demand to move backward when
the player does not stop right at the finish reggiimore strategic planning and calculating.
All these factors mentioned above fill the gamehwveihallenges.

Naturally enough, both groups evaluated the thteens as highly correlated to the
playfulness of the game. These wérke difficulty for players to calculate with so many
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Number Cards”, “The complexity of the rules”, and “the bumping range”. To the
remaining items under the category “Challengesthbgroups of evaluators observed a
“Medium” correlation.

As noted above, the three items coded as “High’r beach relevance to promoting

playfulness irStrike Up

6. Interactivity

Under this category, both groups of teachers censdl the item “Players having
opportunities to discuss with and help teammatescaictulating” to be a “Medium”
correlation with playfulness in the game, and “Rlgynot having to wait too long for their
turn” to be a “Low” correlation. In contrast, thggve both “Low” and “High” correlation to

“Opportunities for reciprocal assistance within team”.

CONCLUSIONS

The researchers subsequently established contsignderinciples on game-based learning
according to the six elements (equal conditionsféar play, opportunities for competition
and cooperation, level of challenge, degree of daicay, flexibility in decision making, and
degree of interactivity) previously used to deveRigke Up The design principles to create
educational value and promote playfulness are btsedliversified contest mode in which
makes the game more enjoyable because it leadsrased player interaction, competition,
and collaboration and because the more uncertsitiiere are, the more difficult a task
becomes (Sorrentino, Simithson, Hodson, Roney, &ké/a 2003). Besides, this design
facilitates learner’'s scaffolding among team memsband offers strong incentives for

students to improve their arithmetic abilities.
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