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EXAMINING FEEDBACK IN AN INSTRUCTIONAL VIDE O GAME USING PROCESS
DATA AND ERROR ANALYSIS

Rebecca E. Buschang, Deirdre Kerr, Gregory K.W.K. Chung
CRESST/University of California, Los Angeles

Abstract

Appropriately designed technolodpased learningnvironmentsuch as video games can be
used to givemmediate and individualized feedback to students. However, little is known
about the design and use of feedbatinstructional video gameghis study investigated

how feedback used in a mathematics video game about fractions impacted studentractions i
the game. Results indicated the type of feedbdicknot significantly affect student actions.
Process data were also analyzed to identify specific student esraedlaasopportunities to
provide feedback for future versions of the gaResults of tis study suggest that process
data are a unique feature of technolbgged learning environments that can be used to
analyze errors and create targeted feedback for students.

Introduction
Objective

The purpose of thisxploratorystudywas to examine th@npact of feedback on student
success in a video game for learniagd to determinBow process data can be used to enhance
feedback

Theoretical Framework

Feedbackis information given to studentsith the goal of improving learninghrough
changing a stdentbehavior or how a student thinks about a probl&mecent review of the
literaturesuggestshat effective feedbacknustinclude both verification feedbadke., indicates
whether theanswer is correct or incorrecind elaborationfeedback (i.e.addresses specifics
aboutstudent performang¢such as particular errors students made, givesgance, or provides
example} (Shute, 2008)

In a classroomfeedbackgiven by the teacheaequiresthe teacher to emuate and analyze
individual studentartifacts The anal ysi s of each student 6s
teachers may not be able to spdreaddition, there is evidence that teachers have difficulty
evaluating student artifacts to determine instructional sfefesitage, Kim, Vendlinski,&
Herman, 2008; Herman, Osmundson, & SiJv2010). However, echnologybased tools if



designed appropriatelgan provide a unique environment whefieedbackand instructioncan
occur automaticalland can beargeted to student misunderstandings or comerrors.

Instructional video gamesre one type of technology whichfeedbackand instructiorcan
be naturally incorporatedLevel success feedback is inherent to video gansdésdents
automatically know if thepuccessfully solved the levieécause thy either move forward in the
game or muste-attempt the levelAdditionally, elaborative feedback can be included in the
game to explain whgtudentssucceeded or failed at the lewald give guidance on the correct
solution Nonethelessthe researchtirature orfeedbackn instructional video gamas limited,
and process datarerarely used to analyze student errors and determine appropriate feedback.
Thereforethis study explores the following research questions

1. Doestype of feedback impact stuateactionsin the videogame?
2. How canprocess dathe used to improve feedbatk
Method

One hundred and eighseven middle school students were asked to play a mathematics
videogameaimed at teaching key topics of rational numbers including identificafianit size,
the numerator, the denominator, and addition of fract{@ising, 201D In each level of the
game, students were asked to determine the fraction needed to jump a certain t@tative
pink block to (seehFgurdl ue AXO0 bl ock

Stage 5 Level 1

Positive coll

Figure 1.Screen shot of example game level

Studentswere randomly assigneid receive eithefa) bothlevel success feedback and
individualized elaborative feedbadk (b) only level success feedbatlevel success feedback
was given in both conditions #Hte end of each level, and verified if the solution was cornect o
incorrect. If a solution was correct, the student was passed to the nexifleveblution was



incorrect, the character died at the point of the mistiskividualized elaborative feédckwas
triggered by spafic actions taken by studengd resulted in feedback that addressed specific
mistakes students were maki(gg, AThe fraction denhgmightedt or s

certain features to pay attention fe.g, ADiIi d e o g @and @rovided guidance to
successfully complete that particular lejeely, A Remember :. 1+ + 1 = 1/ 80)
Data Sources

Procesdatafor three consecutive levelgsere collected as students played the gaand
loggedstudentactions This type of datacanbe used to determinte types, frequencies, and
timing of student erroréRomero & Ventura, 2007Process data in this studyewe used to(1)
identify the types of errors and solutiofts each analyzed leveind (2) determine how many
times students smpted a levelTypes of errors were identified through cluster analysis (Kerr,
Chung, & Iseli, 201Q)

To answer research questidranddeterminef there were significant differences between
conditions for the number of attempts students made or tles tyfperrors students made on that
level, anindependent test was conducted.o answer research questi@manddeterminehow
process data@ould be used to improve feedbacthe typesof errorsand number of students
making each type of errday attemptwereanalyzed andraphedFor similar levels, théypes of
errorswere compared

Results andConclusions
Researchquestionl: Does the type of feedback impact studemictionsin the videogame?

Results of thendependent sampladestindicated thabn Levels A and B, no significant
differences were found between conditiamsthe number of attempts or the number of specific
errors made in each levén Level Cthose who received both types of feedback attempted the
level significanty fewer times 1 = 3.39, SD= 2.37) than those who received only level success
feedback ¢ = 3.93,SD = 2.87),1(594) = 2.50,p = .02 d = .21 No differenceswere found
between conditions on the types of errors made.

Researchquestion 2:How can process data be used to imprevfeedback

The results indicate thaif the 156 students who attempteevel A (see Figure 2)only
about 6% solved the leveh the first attemp{see Table 1)Error analysisof the firstattempt
indicates that gproximately 30%of studentsattempedto solve the level using a mixed numper
approximately 15% were using whole units only, and approximately 3% were ignoring the unit
bars and using a denominator of thirds additional 46% of errorsnade in the first attempt
were unidentifiableResults als indicate that the number of errors dropsasfér time and after



approximatelythe fourth

Figure3).

SEEHIREERE Ignore End of Unit

Seeing as a Mixed Number:

Figure 2. Screen shot of Level A and error pattern explanations.

Table 1

PercentSolutions and Errors for the First Attempt of Each Level

attemptmost students have successfully completed the level (see

Type of solution or error First attempt at solving level
Level A Level B Level C
(n=156) (n=146) (n=138)
Correct solution 6% 15% 18%
Ignoring unit bars 3%
Using whole units only 15% 23% 4%
Using alternative form of correct 30%
solution
Smaller denominator than needed 50% 25%
Larger denominator than needed 4%
Reset correct solution 7%
Unknown errors 46% 14% 42%




Level A: Number of Error Types by Attempt

Types of Errors
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Figure 3.Numberof stucents making errors by attempt.

In this game, improper fractions must be used instead of mixed numbers to solve the level.
Therefore, results indicate that these students knew the answer to the level, but that most were
unable to use the appropriate forntiuafter several attempts. Feedback to these students should
highlight alternative forms of correct solutions. These results also indicate that only a few
students ignored the whole unit bar which is an error students typically make. In addition, many
students only used whole numbers to solve the level. This indicates a significant
misunderstanding at this level of the game, and reveals that major feedback relating to
identification of the units, numerators, and denominators is necessary for these stidepts
approximately half of the errors were unidentifiable into any one error or solution type, many
errors were not evaluated in this analysis. Further work must be completed to identify these
errors.

Results of the analysis of errow fLevel B(see kgure 4)indicate that of the 146 students
who attempted this level, approximately 15% solved it correctly on the first at{eegiTable
1). Error analysisof the first attempindicated that pproximately 50% used a denominator of
halves an additional23% used only whole units, and 14% of the errors were unidentifiable.



Results also indicate that the number of errors dropsvaf time and after approximatelghe
fourth attemptmost students have successfully completed the leveF{gaee5).

Using a
Denominator of
Halves

Figure 4.Screen shot of Level B and error pattern explanation.

Figure 5.Numberof students making errors by attempt.















