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Abstract

This study reports analysis of evaluation data gathered from the iCivics project’s game Do I Have A Right (DIHAR). The data records 448 students test gains on related to applying understanding of the United States’ Bill of Rights to a range of contemporary situations. Findings suggest that students who replayed the game at home acquired significant gains in mean test scores. 
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The idea that students might, of their own volition and for their own enjoyment, spend their evening replaying a day’s school lessons at home might seem like an ambitious goal. However, one of the core advantages suggested by advocates and researchers of educational video games (games) is their replayability. It is not uncommon for players of commercial games frequently replay them. The current study examines evaluation data for an educational video game produced by Justice Sandra Day O’Conner’s iCivics project. One of the games in the project, Do I Have a Right (DIHAR), has shown great success in being both educationally valuable and attracting an audience of repeat players. In an evaluation study the diverse range of students who played the game in schools in 13 different states nearly 57% reported having, of their own volition, replayed the game within 24 hours of having played it as a required classroom activity.
In this paper, the authors examine the relationship between replaying the game, student demographics, a range of variables associated with student media usage, and gain in student understanding of the bill of rights. 

Theoretical Background

Video Games, Learning, and Replayability 

Replayability, or replay value, is an established notion in commercial game design (Shelley, 2001; Björk & Holopainen, 2005). Much of this work focuses on what game design decisions are more likely to create games that continue to be engaging after multiple plays). Discussions of replayability often focus on ways that the non-linearity, branching narratives, and overall interactivity games are capable of enable the potential for replay value which is generally not found in other media (Riedl & Young, 2006). With this said, there is little work that has explored the dimensions of designing for replayability in an empirical fashion. 

The idea that individuals enjoy and engage in replaying video games has been one of the features that attracted educators to them (Prensky 2001, pp. 179-180). The potential for learning through repeated play of games is attractive to proponents of games and learning, but it is all the more attractive to funders and designers of games. Games are expensive to develop, and the idea that students might engage with a well-designed game multiple times is an exciting prospect for both the designers and funders of learning games. In What Video Games Have to Teach us About Learning and Literacy Gee provides a valuable idea about the value of replaying games in what he referees to as the achievement principle, “Good video games give players better and deeper rewards as (and if they) continue to learn new things as they play (or replay) the game.” (2003, p. 69). From his perspective, the idea of replayability is not simply a function of how fun it is to replay a game, but on another level, how effective the game is at providing additional engaging learning challenges to the player. 
While there remains little research on replayability in general there is even less exploring the effects of replaying games. If replay is, as Gee suggests, about further desire to explore and learn from a gaming environment one would expect to find that students who replay games would show significantly higher gains on measures of learning outcomes. The data collected from the evaluation of Do I Have a Right offers just such a space to begin exploring the extent to which learning gains are associated with replaying a game. 

What is particularly interesting about this data is that while none of the 448 students who participated in the study were asked or told to replay the game at home 57% reported playing the game again, of their own volition, at home that evening. Beyond allowing us to explore the extent to which learning gains were associated with replaying the game, this data allows the exploration of a series of related questions about how those gains and replay value are related to equity issues. It is not simply enough to know if replaying a game leads to better learning outcomes, we also need to know the extent to which 
Digital Divides and Gaming

According to the Pew report, games are the most ubiquitous form of media young people interact with. Their study found that 97% of teens between the ages of 12 and 17 play computer, web, portable, or console games. Of those surveyed 99% of boys and 94% of girls report playing video games. These teen gamers are also playing a diverse set of games, 80% of teens play five or more different game genres, and 40% play eight or more types. In short, a diversity of games have become a nearly ubiquitous facet of American teen life. Not only to teens play games, they also play games frequently, with 50% of teens reporting having played a game “yesterday”. In terms of frequency of game play there are gender differences, 55% of daily gamers play eight or more types of games; 65% of daily gamers are boys; 35% are girls. However, even in this there difference there is a plurality of male and female American teens engaged in daily play of digital games. The pervasiveness of this interactive media has been instrumental in a growing attention to the possibility of developing games for learning.  

As with many instructional technology developments, discussions of replayability must explore the extent to which it is an equitable goal. Video games have become a nearly ubiquitous facet of childhood in the United States (Lenhart, Arafeh, et al., 2008). However, there are significant differences between boys and girls gamming habits. Beyond use, the Pew study documented that boys were more likely to play more game genres, play online games, and, by a nearly three to one margin, play massively multiplayer online games (2008). As Warschauer and Matuchniak suggest, the critical role that games are playing in facilitating young peoples development of 21st century skills means gendered or ethnic differences in use of these technologies should draw researchers attention (2010). For this reason differences in who uses and engages with these technologies should be of great interest to researchers in this field. Data collected from the evaluation of DIHAR offers a valuable set of information to explore potential relationships between replaying educational games, race, gender, and learning outcomes.
The iCivics Project

Upset with American’s understanding of civics, particularly their lack of understanding of the role the Judiciary, Justice Sandra Day O’ Connor launched the Our Courts project in 2008. While there are many organizations that work to improve American’s civic knowledge, the Our Courts project is unique in its focus on digital media. Over the last two years, the project has developed a range of digital games on civic issues and lesson plans for implementing those games in classrooms. 
This study explores data collected in the evaluation of the game Do I Have A Right (DIHAR). The game takes about 30 minutes for students to play. DIHAR puts students in charge of a law-firm that takes on cases related to the bill of rights. Throughout the game players develop and refine their understanding of the bill of rights by deciding if clients "have a right." They then match clients to a lawyer specializing in the relevant right. In each game the player is presented with a series of different cases pulled from the games database, thus creating different challenges for the player each time. As players correctly pair cases with lawyers they earn prestige points which they can spend to hire additional lawyers, enhance their office, and take out advertising to attract additional clients. 

Research Questions

1. Are there differences in students’ gain in score from pre to post test for ethnic groups (Asian, African American, Hispanic, White, and Mixed/Multiple)?
2. Are there differences in student’s gain in score from pre to post test between student’s who replayed the game controlling for students frequency of game play and ethnicity?  

3. Can factors such as whether a student replays the game, interest in the game, frequency of playing computer games, pre-test achievement, and frequency of using computers for school work be used to predict gain in score?

4. Is there any association between how frequently students played video games and their ethnicity?

Methods
Data Measures
Gain in test score. The gain from playing Do I Have a Right (DIHAR) game was calculated as the difference between a student’s pre- and post-game test scores. The same 19-item inventory was used for both tests. Although this resulted in the exposure of test items, students were given the correct answers only after the post-game test. 

Prior gaming experience. This construct measures a student’s prior experience with computer/video gaming and is based on the pre-game survey question, “How often do you play computer games or video games?” Student responses ranged from 1 to 3, 1 (never or hardly ever), 2 (once a week or less), and 3 (every day). 


Prior computer-for-school-work-use experience. This construct measures a student’s prior experience with computers for school work and is based on the post-game survey question, “How often do you use the computer for your school work?” Student responses ranged from 1 to 3, 1 (never or hardly ever), 2 (once a week or less), and 3 (every day).

Game replay status. This variable categorized students into those who played DIHAR after school and those who did not, and is based on the post-game survey question, “After you played the game in school did you go home and play it?” Allowable responses were either "yes" or "no."

Demographics. Student’s grade, age, gender, and race were collected based on self-reported survey responses. Students who identified themselves as belonging to more than one racial/ethnic group were categorized as mixed/multiple race students.
Data Collection

The data was collected by the Persephone Group, a private, for-profit organization, that conducted data collection and analysis as part of evaluation of effectiveness of Our Courts online educational games. The sample data was collected from 13 participating schools in 13 states based on voluntary participation by class teachers contacted by Our Courts or its affiliates and thus is not representative of any specific national population (Persephone Group, 2009). 

Sample Information

The sample consists of 448 students. This sample size was used for all statistical analyses. Of the 448 students (boys, n = 257; girls, n = 191), 69 were in grade 6, 214 were in grade 7, and 165 were in grade 8. Among these students, 54 were 11 years old, 186 were 12 years old, 174 were 13 years old, and 34 were 14 years old. Based on self-reported race/ethnicity, the sample contained 6.7% Asian (n = 30), 8.7% African American (n = 39), 19.4% Hispanic (n = 87), 57.6% White (n = 258), and 7.6% (n = 34) mixed/multiple ethnicity students.

For prior gaming experience, 
29.9% (n = 134) students reported never or hardly ever playing computer/video games, 32.4% (n = 145) students reported playing computer/video games once a week, and 37.7% (n = 169) reported playing computer/video games daily. For prior computer-for-school-work-use experience, 28.1% (n = 126) students reported never or hardly ever using computer for homework, 41.5% (n = 186) students reported using computer for homework once a week, and 30.4% (n = 136) reported using computer for homework daily. Of the 448 students, 249 reported playing the game on their own time after school while 199 reported not playing it after school.
Statistical data analysis

To address the first research question, a one-way ANOVA was computed to discover if there is any difference in gain score between students in different ethnic groups. The results of this test help to suggest if the educational outcomes from the game are equitable in terms of ethnic groups. To further explore these relationships, the second research question was addressed through the use of a three factor ANOVA that took into account if students chose to replay the game controlling for students frequency of game play and ethnicity. To answer the third research question, a regression test was conducted taking into account whether a student replayed the game, how interested they were in the game, their frequency of playing computer games, pre-test achievement, and frequency of using computers as potential predictors for gain in score. Lastly, to address the fourth research question a chi-square test was conducted to explain if there is any association between students’ ethnicity and frequency of playing videogames. Where necessary tests for normality and homogeneity were conducted the ANOVA’s involving variables with more than two categories included Tukey post-hoc tests to parse out differences between sub groups. 
Results

It has already been established that the game makes a contribution to student’s gain in scores (Persephone, 2009). Student's pre-game test scores ranged between 1 and 19 (M = 10.69, SD = 4.17) while the post-game test scores ranged between 2 and 19 (M = 11.96, SD = 4.37). The gain in test score ranged between -10 and 12 (M = 1.27, SD = 3.56). The Pearson product moment coefficient of correlation between pre- and post-game test scores was .65 (p < .001) suggesting that the two sets of scores were strongly associated. For 12.3% of the students (n = 55), the gain in test score was 0, for 27.2% (n = 122) the gain was negative, and for 60.5% (n = 271) the gain was positive.

Research Question One
A one-way ANOVA comparing the gain of individual players broken into racial groups will help to illuminate if there are any racial differences in gain. 

The Levene's test of equality of variances suggests the assumption of equal variances across the racial groups F(4, 490) = 1.39, p = .239. Analysis on a QQ plot satisfied the assumption of normality required for an ANOVA. 

============================

Insert Table 1 About Here

============================

The ANOVA omnibus test indicates that there are statistically significant differences among the ethnic groups, F(4, 490) = 2.96, p=.02, n²=.024. According to Cohen's classification this is a small effect size (1988). However, the specific differences are worth examining as the differences are reported on a already small gain score. Specificity, the Tukey post hoc test indicates that the only statistically significant differences are between Asian and African American and Caucasian and African American student's gain at the 95% confidence level, Asian's out-gained African American students by a magnitude between 0.25 and 4.79 points. At the 95% confidence level Caucasians out gained African Americans by a magnitude of .14 and 3.31 points. 

Research Question Two


To further explore if ethnicity is a significant factor in gain scores a three way ANOVA was conducted comparing students by ethnicity, how frequently they play video games, and whether or not they replayed the game on their own time. The means, standard deviations, and cell sizes are reported in Table 2. The results from the Levene’s test indicate that the homogeneity of variance assumption is met, F(29, 439) = 1.207, p = .215. Preliminary tests with Q-Q plots suggested normal distribution of gain in scores. The ANOVA F-test results show that there are statistically significant differences in gain among the resulting groups, F(29, 439) = 2.033, p = .001, n2 = .118. According to Cohen’s work the effect size of n2 = .118 should be interpreted as a medium effect size. Importantly, of the three factors (ethnicity, prior-gaming experience, and replay) only replay was statistically significant, F(1, 439) = 9.176, p = .003, pn2 = .020. For the rest of the results see Table 3. To summarize, while the results of research question one suggested that ethnicity was an important factor for gain, this test suggests that that importance is mitigated when if the student replayed the game is considered. 

============================

Insert Table 2 and Table 3 About Here

============================

Research Question Three


The results of multiple regression in table 4 show that prediction of gain from using the computer for homework, finding the game interesting, student’s achievement on the pre-test, their frequency of playing video games, and gender is statistically significant, F (6, 354) = 18.74, p < .001. Further, R2 = .197 indicates that 20% of the variance in gain in score. The regression equation is:

^gain= (-1.15)Replay + (-.362)Interesting +  (-.346)Achievement + (.344)Computer for Homework + (-.318)Gender + (.025)Gameplay + 6.607


Given the coding for replay, this equation suggests that students who replayed the game gain 1.15 points on the post test, students who found the game interesting gained .362 points. The coding for achievement demonstrates a negative correlation between initial achievement on the test and resulting posttest scores. For each point lower on the pre-test that the student received they gained .346 points on the posttest. For each step up in frequency of game play students gained .344 points, and boys gained .318 points on the test. Lastly, each step up in the game play measure resulted in students gaining .025 points. 

Also, there is a statistically significant unique contribution to the prediction gain from replaying the game (p >.001), finding the game interesting (p =.012), a negative association with achievement as indicated on the pre-test (p >.001), and how often they use the computer for homework (p =.031). There were no significant independent contributions from gender (p =.311) and how often the student played games (p =.852). 

Research Question 4


The results of the chi-square test did not show a significant association between ethnicity and prior gaming experience, (2(16)  = 15.91, p =.459.  Importantly, three of the cells (12%) had less than 5 results. 

Discussion 

In terms of significance, the results of statistical analyses can be summarized as follows. When ethnicity is considered as the sole factor for assessing variance there are statistically significant differences between ethnic groups gains associated with playing the game. In particular Asian and Caucasian students gain more from the test than African American students. In this case, African Americans actually experienced a decrees from pre to post test scores, suggesting that the game is not a good tool for improving African American students understanding of the Bill of Rights. 

However, when the variance in gain is considered in a more comprehensive three factor ANOVA that includes ethnicity, prior gaming experience and if the student replayed the game only replaying the game acts as a statistically significant factor. 

The regression analysis suggested using the computer for homework, finding the game interesting, student’s achievement on the pre-test, their frequency of playing video games, and gender contribute to 20% of the variance in gain in score. This is not a massive contribution, but the unique contribution of replaying the game, finding the game interesting, offers some guidance to the development of such games. Further, the fact that gain in score was negatively associated with performance on the pretest suggests that the effects of the game was most pronounced on the lowest achievers. The chi-squared test comparing the constitution of ethnic groups with prior gaming experience suggests that there are no statistically significant skews in the distribution of gaming experience across ethnic groups. 

Together these results provide preliminary support for the idea that replayability is a valuable element in design of games for learning.

Limitations and Suggestions for Further Research
The results of this analysis come with some important limitations in the design of the evaluation study. Lack of a control, and use of the same questions on pre and post-tests create significant limitations on the results of this study. The decision to reuse the test questions in the evaluation, and to not gauge the effects of test-retest changes in a control suggest that some component of the gain on the test is most likely associated simply retaking the test. With this noted, the most important results from analysis of this data focus on differences between groups and not on gain in general. It is reasonable to assume that test-retest effects the entire population, which leaves the relative comparisons intact. It should also be noted that the evaluation data does not include indicators for SES, so we cannot speak to any potential correlations related to students SES. While further research is necessary to substantiate this relationship, this data suggests replayability provides significant value for learning objectives and that gaming experience translates into additional learning gains.
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Table 1

Means and Standard Deviations for Five Ethnic Groups on Gain in Score

	Ethnicity
	M
	SD
	pn2

	Asian
	2.2
	3.52
	34

	African American
	-0.31
	2.87
	47

	Hispanic
	1.26
	3.69
	100

	White
	1.4
	3.64
	277

	Mixed/Multiple
	0.81
	4.74
	37


Table 2

Means and Standard Deviations for Ethnicity * Replay * Gaming Experience on Gain in Score

	
	
	
	Replayed 
	
	
	
	Didn’t Replay
	

	Ethnicity
	Gameplay
	M
	SD
	N
	
	M
	SD
	N

	Asian
	Hardly Ever
	1.75
	3.28
	8
	
	3.15 
	4.77 
	13 

	
	Weekly
	3.20
	2.17
	5
	
	2.00 
	2.00 
	12

	
	Daily
	1.71
	3.04
	7
	
	1.11
	2.93
	 9

	Afro-Am
	Hardly Ever
	3.00
	1.73 
	3
	
	-1.00 
	3.65 
	10 

	
	Weekly
	1.66
	3.08 
	6 
	
	1.08
	2.75 
	13

	
	Daily
	-0.18
	2.48
	11
	
	-0.26
	2.21
	19

	Hispanic
	Hardly Ever
	0.31 
	3.64 
	13
	
	0.89 
	3.72 
	27

	
	Weekly
	3.15
	3.32 
	16
	
	1.31 
	3.12 
	29

	
	Daily
	3.15
	3.48
	20
	
	2.24
	3.03
	37

	White
	Hardly Ever
	0.69 
	3.51 
	39 
	
	0.35 
	3.38 
	81

	
	Weekly
	2.68 
	3.63 
	60
	
	2.07 
	3.67 
	88

	
	Daily
	2.16
	3.21
	57
	
	1.53
	3.49
	96

	Mixed
	Hardly Ever
	NA
	NA
	1
	
	-0.17 
	5.08 
	6 

	
	Weekly
	3.00 
	3.46 
	3
	
	1.27 
	3.74 
	11

	
	Daily
	1.22
	6.05
	9
	
	-0.44
	5.41
	18


Table 3

Analysis of Variance for Gain

	Source
	df
	F
	pn 2
	p

	Replay
	1
	9.17
	.200
	.003

	Race
	4
	1.07
	.010
	.367

	Prior Gaming
	2
	1.07
	.005
	.346

	S within group error
	439
	(12.06)
	
	


Note. The value enclosed in parentheses is the mean square error (MSw). S=Subjects
