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USING CLUSTER ANALYSIS TO EXTEND USABILITY TESTING TO
INSTRUCTIONAL CONTENT

Deirdre Kerrand Gregory K. W. K. Chung
CRESST/University of California, Los Angeles

Abstract

Commercial video games undergo usability studies to determine the degree to which the
player is able to learn, control, and understand the game. Usability studies allow game
designers to improve their games before they are released to the public. lityusabil
studies could be expanded to include information about the presentation of the
instructional content, they could help improve educational video games. In this study,
cluster analysis was used to identify usability information from the log files from an
educational video game call&hve PatchCluster analysis was able to pinpoint specific
levels in the game that could be improved as well as identify specific components of the
level design under which certain errors were likely to occur, culminatirgpéific
recommendations to improve the game in ways likely to increase learning.

Introduction

Video games are widely seen as havingportanteducational potentialwt to thé
unique combination of interactive entertainment andaging cognitive demar(®itterfeld
& Webber 2006). However, just because a game has educational content does not
necessarily mean that it will be instructionally effective (Fisch, 2085 with any other
form of instruction, the design of the material aasmuch omore impact on its educational
effectiveness than its delivery mechani@dichols, 2003) Despite the best efforts of their
designers educationalvideo games are not always s#iy playable (Nacke, Drache &
Gobel, 2010)nor are they always as effective as inten¢tmivever, educational video game
designers may be able to benefit from the same type of studies game designers routinely use
to test the playability of their gamemnd identify areas that could be improveGame
designers test the playability of their games via usability studies which mé¢asutegree to
which a player is able to learn, control, and understand a game (Pinelle, Wong, & Stach,
2008). Educational vide game designers can use these same methods if they can find
methods of expandiniipese traditional usability metrics to include the educational aspects of
the game in order to determine not only where game mechanics break doalsoltere
instruction &ils (Nacke et al.2010).

Since educational video games are designed to challenge users and force them to
develop new skills, they cannot be expected to maintain the ease of use demanded in games



designed primarily for entertainmefiRinelle et al.2008) However, this does not mean that
usability issues do not need to be addressed in educational video gamexdcdgational

game can only be aneffective instructional toolif it causes players to think about the
intended instictional content (Dolmansijsdaers, Schmidt, & Van Der Meer, 1993jot

all usability issues are undesirable, and the decision about whether or not an identified
usability issue should beorrectedis bestleft to the researchemsvolved (Barendregt,
Bekker, Bouwhuis& Baauw,2006) but it is important to identify thepecific shortcomings

of a game if the game is to be improved (Dolmansal., 1993) Usability studies for
educational games should identify those areas of the game in which students are not thinking
about the istructional content as intended due to difficulties with either content or game
mechanicsNot all educational games will be equally effective, any more than all teachers or
curricula are equally effective, but thoughtful tweaking of the design of antezhadlagame,

based on identified usability issues, can increageeng a me 6 s ef fecti veness

In typical usability tests, a small number of participants play the game in question and
either write down their impressions or participate in akialoud.However, such tests are
limited by their small size, the relatively small portion of the game played by the participants,
and the possible interaction between the researched participants Kim et al., 2008).
Identifying specific parts of a g& wherein the game mechanics break down or instruction
fails is better dondyy dbserving the actions players takaturally while playingthe game
(Barendregtet al., 2006. Logging the actions taken by players in the gaaiews the
researcherto automatally record and calculate usability metrics of interest without
interacting with the participants artificially limiti ng sample size or length pfay Kim et
al., 2008, and examination of the log data generated by educational video games can help
reearcherscreate a more effective learning environmbgtpinpointing specific usability
issues that can be addressed in the next iteration of the(Bamero & Ventura, 2007)

Cluster analysis iatechnique that can be used to analyze log data to ideméas of a
game that have potential usability iss(éslido, Castro, & Nebot, 2011FIuster analysiss
a density estimation technique for identifying patterns within user actions reflecting
differences in underlying attitudes, thought processes, lmavii@s (Berkhin, 2006; Romero
et al.,, 2009) through the analysis of either general correlations or sequential correlations
(Bonchi et al., 200}, and itcan be used to identify specific solutiatrategies and error
patternsstudents use while playingahgame(Kerr, Chung,& Iseli, 201). The resulting
model of student behavior can be used to pinposdbility issues omeficiencies of
instruction (MovshovitaHadar, Zaslavsky, & Inbar, 1987) and thereby provide valuable
information about the effectivegge ofeach aspect ahe game (Jitendra & Kameenui, 1996).



By examining areas in a game where students use the wrong strategies more often than
normal or are able to succeed using other than the intended strategies, cluster analysis can
help to determinehk instructional effectiveness of different portions of the game (Romero &
Ventura, 200Y. This study seeks to use the results of a cluster analysis to generate specific
improvements that can be made to one of the games we devetajedSave Patch

Method
Study Design

The data used in thitudy comdrom the log files generated by an educational video
gamedesi gned by CRESST and University of Sout
teach the addition dfactions calledSave Patcl{Chung et al 2010).In this game, students
are required to apply concepts underlying rational number addittorhelp the game
characterPatchbounce over obstacles to reach his hoif@.correctly solve each level,
students musplace trampolines at various locationsraj a one or two-dimensional grid
(seeFigurel). Students then drag coils onto the trampoline to make it bodimeydistance
Patchwill bounce is the sum of all coil values added to the trampokoe.instancejf a
student placed two 1/3 coils on a trampolifatchwould bounce 2/3 of a unit.

In Save Patchone whole unit is always the distance between two,lzed green dots
indicate the size of the fractional pieces that should be usedrigpa® 1). While any size
coil can be placed on the trampoline initially, subsequent coils can only be added to the
trampoline if they are the same s{ze., have the same denominator)



Figure 1. Screen shot ofSave Patch

As gameplayproceedstrampolines must be placed at distances along the grid that are
fractional parts of the whole unin early game levels students are given the fractional unit
coils. In later levels, students aleown how to teak coils into fractional unit®ecause only
coils that havedentical units can be added togethstudents must be attentive to what the
rational number means, to what units are being added, to what units are already on the
trampoline, and to how thewill break coils into different size pieceSo while students
could add a coil that is 2/a unit to another coil thas il/2 a unit, they are not allowed to add
a coil that is 1/2 a unit to a coil that is a whole unit until thetunit is broken intawo
1/2-unit coils(i.e., 2/2) Whenall three of these coilsave beemlaced orthe trampoline, the
trampoline vill show that it ha 3/2 (rather han 1 1/2) units of bounce. This notatin
intended to reinforce both the meaning of addition and thee@awynderstanding of the
meaning of rational numbers.

The sample of students who play@dve Patchn this studyincludes 55 students (76
males and 79 females) from an urban school distrisbuthern CaliforniaThese students
ranged from sixth to eigh grade and were in sixth grade math, Algebra Readiness, or
Algebral coursesAll students played the gamerfapproximately 40 minutes; moreover,
each action the students took in the game was logged automatically.

Pattern Identification

Cluster analysiss a density estimation technique for identifying patterns within user
actions reflecting differences in underlying attitudes, thought processes, or behaviors



(Berkhin, 2008. Cluster analysis partitionactionsinto groups on the basis of a matrix of
inter-object similarities (James & McCulloch, 1990) by minimizing witgimoup distances
compared to betweegroup distances so thattionsclassified as being in the same group

are more similar to each other than they aradimonsin other groups (Huand,998). Two

actions will be considered to be similar by the cluster analysis if they are both performed by
the same students. Actions will be considered to be different from each other if some students
perform one of the actions and different students parthe other actionin the case of log

data from educational video gaméle identifiedclusters of actionseflect the different
solution strategies and error patteutidized by the students as theyeatipted to solve each

game leve(Kerr et al.,2011).

Cluster analysis orbave Patchdentified solution strategies arsix different error
patterns: unitizing errors, partitioning exclusively, partitioning inclusively, misusing
resourcesysing all resources in ordemd seeing the solution as a mixesnber(Kerr et al.,

2011) Students who made unitizing errors failed to pay attention to the red lines that
indicated the length of a unit. Instead, sstidentsappeared to sethe entire grid as one

unit. Students who made partitioning errors involvamyinting pointexclusivelyappeared to

be counting the points on the grid, rather than the spaces between the points, to determine the
denominator of the fractioistudents who made partitioning errors involving counting points
inclusively apparently maddae same error that students who counted points exclusively did,
except that they also counted the points on the corners where the red lines intersected.
Students who misused resources used the coils they were given in a manner that was
technically correcbut resulted in them running out of coils of the necessary size farther on in
the level. Generally this involved using fractional units instead of a whole unit oruwndne

jump. Students who used all resources in the order in which they were prosdddie

order of the coilsto determine which fractions to place on which trampolines, rabizer
examining the grid to determine mathematically which fractibmsplace on which
trampolines Students who saw the solution as a mixed number tried to atidla unit and

a fractional unit without first converting the whole unit to the same denominator as the
fractional unit.

In order to use the cluster analysis results to check for usability isseesalculated
the percentage of attempts falling in eaalstgr in each levelWe did this separately for the
final attempt each student made in the level and tiseditempt each student made in the
level. The final attempt each student made at each level was examined in order to determine
how each student sad the level. This was expected to be a solution except for when
students failed to complete the level. If a specific error pattern accounted for a large



percentage of final attempts in a given level, it would be an indication of potential usability
issues. In addition, he first attempt each student made at each level was examined to
determine which strategies were most common in which leWschose to examine first
attempts, rather than all attempb®cause the first attempt a student makes is litcelye

more indicative of thestrategies they are using than later attempts, which will be at least
partially based on the results of their previous attenyatige percentages of first attempts
falling in a specific error pattern may be indicative of patd usability issues, particularly if

the percentage is much higher in a given level than in other ievfls game

Results
Final Attempts

In general, one would expect the majority of final attempts at any given level to be
solutions While the percetage of attempts identified as being a solution may decrease as
students reach higher levels and fewer of them manage to complete the level, the overall
percentage of final attempts coded as solutions should remain fairly high and should slowly
decrease athe level increasesAs can be seen in Appendix A, this was the case for a
majority of the levels in our game.

However, in Level 32 more final attempts were errors involving partitioning
exclusively (46%) than were solutions (37%), indicating a poteptadlem with the level.
As previously explained, students who made errors involving partitioning exclusively
countedthe points on the grid, rather than the spaces between the points, to determine the
denominator of the fraction.

Closer examination ofevel 3-2 (seeFigure 2) reveded that tre level was poorly
designedAn oversight on our part made it possible $tudents who made errors involving
partitioning exclusively to solve the levalithout using the desed denominatorThose
students would have seen the level as requiring the use of halves instead of thirds (since they
were counting dots to determine the denominattther than counting jumpsThis would
have led students to place 2/2 on the first palne andl/2 on the seconttampoline When
they jumpedthe first jump would haveéaken students all the way to tkad of the level
skipping over the second trampoline entir&ynce more than half of the students solved the
level this way we wouldrecommend removing this level from the gaorechanging the
level so that this is no longer possibkdditionally, we recommend that none of the -one
dimensional levels end on a whole unit, sieoeling on a whole unit allowgudents tsolve
the level wihout usinghe desired denominator



Standard Solution:

Most Common Solution:
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Figure 2. Screen shot of Level-3 of Save Patchshowingthe most common solution to the level

First Attempts That Were Solutions

While final attempts givaus an indication of how studergslveda level first attempts
give us an idea othe strategies studentsuséd | e v e | wherein most stu
was a solution is likely a level representing material that the students alreadyvikmengas
aleveli n whi ch mo sttterspts aré errotts $sdikely a level covering content
students have not yet mastergdtlditionally, levels having a high percentage of first
attempts falling in a given error pattern may have design features that make that particular
error more likely han it otherwise would b&he percentage of first attempts for each level
falling in each error pattern or solution strategy are listependixB.

The initial levels of an educational game are often designed to teach the game
mechanics, rather thanetlsubject area content, so it is not surprising that a large percentage
of first attempts in Level -1 (96%) and Level -4 (64%) were solutionsAfter that, the
percentages$luctuate with Level 44 (8%), Level 51 (6%), and Level 4 (6%) being the
hardes. However, the percentage of first attempts that were solutions in Le8els6
relatively high (45%), particularly considering its late placement in the garhes may
indicate that Level 8 is too easy for where it appears in the game.







































