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Project Goals

• Increase the accessibility of STEM curricular materials for 5th

– 9th grade students by harnessing  the power of technology 

• Motivate traditionally marginalized populations (e.g., 
students with disabilities) to engage and sustain participation 
in STEM learning activities

• Develop guiding principles that enable teachers to 
effectively integrate video games into their instruction and 
assessment

• Collaborate with commercial and academic partners to 
successfully transition individuals with disabilities to 
postsecondary education and eventually the STEM workforce



Project Overview



Research and Development Foci

• Students’ and teachers’ perceptions of using video games to 
learn about STEM 

• Usability, feasibility, and playability issues related to the use 
of games in the classroom

• Effective User Interface (UI) designs

• User analytics ~ backend data collection systems

• Dynamic scripting leading to Zone of Proximal Development 
learning opportunities

• Real‐time data reporting

• Mixed‐method analytic procedures



Can People with Disabilities Make Valuable 
STEM Contributions?



How Video Games Enhance STEM

• More than 430,000 players have been helping 
scientists solve complex problems using the 
games Foldit and EteRNA since 2008.

• In September of 2011, players were able to 
correctly identify the structure of a complex 
retroviral protease that is believed to play a 
key role in the spread of AIDS.

• Perhaps most remarkably, the game players 
were able to solve the mystery, which had 
eluded scientists and their supercomputers for 
more than a decade, in less than ten days. 



Our Innovative Approach to Video Game R&D

• Focus on middle school

• Develop guiding principles that apply to a wide range of 
curricular materials instead of prescriptive interventions with a 
narrow focus

• Consider independent student‐level variables that have been 
historically overlooked (i.e., reading ability level  and disability 
type)

• Design for learner variability                                                                    at 
the outset ~ UDL

• Build technologies for students                                                                   
at the margins and everyone benefits



What’s So Difficult About STEM?

 More new vocabulary than in the first 
year of a high school foreign language 
course

 Complex expository texts that limit of 
poor readers’ comprehension                   
(Lee & Erdogan, 2007)

 New information is covered at a rapid 
pace

 Increased emphasis on using the scientific 
method to solve complex multi‐step 
problems



Students with Disabilities in Text‐based 
STEM Environments

Have difficulty:
• Activating prior knowledge
• Making inferences during 

reasoning processes
• Implementing instructor 

feedback
• Transferring knowledge

 Are reluctant to pose questions or 
hypotheses

 Are less likely to have a systematic 
plan to approach problems

 Are less likely to be aware of their 
metacognitive processes
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Science Performance of Students Without Disabilities



Science Performance of Students With Disabilities
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Leveraging Students’ Strengths to 
Enhance STEM

• Thinking in pictures (not words)

• Often disinterest in Language 
Arts and Social Sciences

• Intense, sustained, obsessive, 
fixation on a problem

• Not bound by social, 
behavioral, or political 
considerations

• Benefit more from technology 
than their peers without 
disabilities





How Popular are Video Games?How Popular are Video Games?

Lenhart, A. (2008) Teens, video games and civics. Pew Internet and American Life Project
*Note: error +/‐ 3 points
Anderson, J.Q., & Rainie, L. (2012)  The future of gamification. Pew Internet and American Life Project

Digital games 
generated $25 billion 

in sales in 2010



“Serious”  Video Games“Serious”  Video Games
Educational video games represent the next generation of 

technology‐enhanced instructional materials 

Students can become immersed in fun and engaging standards‐based 
environments (e.g., inside the human body) that are unobtainable in 

traditional classrooms (U.S. Department of Education, 2010) 

Play some serious games at http://www.filamentgames.com/projects



Preliminary Research on Gaming and SWDPreliminary Research on Gaming and SWD

Can be more effective than 
traditional instruction             
(Twyman & Tindal, 2006)

Increases motivation                   
(Marino, Basham, & Beecher, 2011)

Promotes self‐esteem                   
(Harris & Rea, 2009)

Improves skills for extended 
periods after the game ends 
(Beaumont & Sofronoff, 2008)

Accelerates learning                 
(Marino & Beecher, 2010)



Universal Design for Learning (UDL): 
A framework for accessible videogame design

Provide scientific data using 
multiple means of representation 
(e.g., pictorial representations, 
tables, simulations, etc.)

Provide options for students to 
demonstrate their comprehension of 
concepts and phenomena (i.e., 
multiple forms of assessments) 

Allow students to engage with the 
materials in a diverse manner that 
fosters their motivation and unique 
learning needs  

Center for Applied Special Technology (2009)
www.cast.org



Instructional Supports in Games
• Clear goals and objectives
• Text‐to speech
• Virtual dictionary 
• Expert modeling via virtual mentor
• Extended learning and practice
• Immediate feedback
• Advanced organizers 
• Collaborative grouping & peer tutoring options
• Iterative learning cycles ~ each level builds on 
and reiterates previously learned knowledge and 
skills



UDL in a Game Environment







Scalability?
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What Teachers Told Us
 Students were excited and motivated 

to play.
 Appreciated learning scaffolds 

• highlighted vocabulary words
• textbook page links 
• visual dictionary

 Games spurred unanticipated 
discussions about content and 
scientific method, and

 led to increased learning by entire 
class. 



What Students Told Us

 The vast majority of students reported that 
the game enhanced the science curriculum 
and made learning about science more fun. 

 A majority of students praised the ability to 
collaborate during the game and asked for 
more opportunities to collaborate physically 
and in online in teams of 2 – 4 students.

 With few exceptions, all students said they 
would rather play videogames than take a 
traditional paper and pencil test. 



Students’ Perceptions

Marino, Israel, Beecher, & Basham. (in press).  Students’ and teachers’ perceptions of using video games 
to enhance science instruction. Journal of Science Education and Technology.
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UDL-based Games Address 
Problems with Traditional Assessments

 Print-based assessments measure decoding ability, writing 
ability, reading fluency, and reading comprehension before 
they measure subject-specific content knowledge

 Students’ performance on print-based assessments can 
cause teachers to purport inaccurate inferences regarding 
students’ learning

 Traditional assessments often  
focus on outcomes 
(e.g., # of terms recalled) 
without considering process



Linking Gameplay to Assessment



What Teachers Told us About Assessment

Based on discussions with students, teachers 
reported the games helped a majority of 
students, especially students at the margins, 
learn complex concepts and vocabulary.

The paper and pencil test was difficult for 
struggling readers and was not an accurate 
indication of what students actually knew 
about the content.

Gameplay statistics (user analytics) might be 
a better indicator of students’ actual 
knowledge and skills.



Questions / Discussion
 In search of innovative partnership opportunities!

 What we’ve learned about UI considerations

 Scalable implementation with fidelity

 Measures, construct validity, reliability

 Data collection and analysis 

 Project management

 Budgets and timelines

 Other topics? 



http://education.ucf.edu/exed/

Matthew Marino, Ph.D. matthew.marino@ucf.edu

Kathy Becht KPBecht@knights.ucf.edu

Lauren Delisio Ldelisio@knights.ucf.edu



RESEARCH QUESTIONS

1. What are the content, usability, and playability issues associated 
with the games?

2. Are there differences in student learning as measured by the 
pre/posttests across condition (game vs. no game), reading 
ability level (below basic, basic, proficient, advanced), and 
learning disability (LD) status (LD vs. non LD)? 

3. Is there a relationship between reading ability level, LD status, 
and the use of Universal Design for Learning (UDL) inspired 
cognitive supports (e.g., electronic dictionary) in the games? 



RESEARCH QUESTIONS 
CONTINUED

4. Is there a relationship between students’ use of the UDL features 
in the games and outcomes on the posttest?

5. Are differences in individual student characteristics such as 
reading ability level and disability status related to patterns of 
behavior, such as reading outside of school and hours per week 
playing video games?

6. Are differences in individual student characteristics such as 
reading ability level and disability status related to differences in 
attitudes towards science and learning about science with video 
games?



DESIGN

Dependent Variables: Unit Posttests, gameplay statistics, survey data, interviews

Independent Variables: IEP, reading ability, gender, SES, teacher



MEASURES

Videogames (n=4)
PCI Science Curricular Materials 
Student pre/posttest (n=10, reliability range = .77-.85)
Student characteristics and attendance form 
Student pre-intervention survey 
Student post-intervention survey 
Teacher interviews 
Student post-intervention interviews 



QUALITATIVE ANALYSIS (RQ 1,5,6)
• Interviews were transcribed, coded and analyzed using a basic 

interpretive qualitative methodology (Merriam, 2002).

• Categories and themes were determined through a constant 
comparative method (Glaser & Strauss, 1967) using data from 
transcribed interviews, game play statistics, and survey 
responses. 

• The units of data were sorted and grouped first by regularities 
and then by irregularities into tentative categories and 
subcategories. 

• To increase reliability, transcription included pauses, facial 
expressions when possible, and tone of voice. 

• Following the initial qualitative findings, a secondary analysis 
occurred in a select number of classrooms where the study was 
conducted. These member checks served to enhance accuracy, 
credibility, and validity.



ANALYSIS RQ2 ~ PERFORMANCE BY CONDITION

• To examine student performance across conditions (game vs. no 
game), reading ability, and disability status, (research question 2) 
a repeated measures factorial ANOVA was performed. 

• Condition (2 levels) and time (2 levels, pre-test and posttest) were 
cast as within-subject factors. 

• Students’ chapter tests were aggregated within each combination 
of within-subject factor. This design resulted in 4 percent-correct 
scores for each student. 

• Reading ability (4 levels, below basic, basic, proficient, and 
advanced) and disability status (2 levels, disabled and non-
disabled) functioned as between-subjects factors. 

• An alpha level of .05 was set for judging statistical significance. 
Effect size, r, calculations aided interpretation of the statistical 
test results provide small, medium, large criteria for r.



ANALYSIS RQ 3&4 ~ SCORE & GAMEPLAY
• A series of multiple regressions were conducted. Chapter posttest 

score (# of questions answered correctly) served as the dependent 
variable in each analysis. 

• Independent variables were entered in blocks to control for 
familywise error. 

• The first block contained the chapter pretest score. This variable 
was included to control for individual differences (e.g., prior 
knowledge) that could influence chapter posttest scores. 

• The second block entered into the model contained variables related 
to use of game UDL features including dictionary accesses, 
voiceover accesses, tutorial accesses, audio help toggles, and 
volume adjustments. 

• The third and final block contained game persistence and 
completion variables—total play time, number of starts, levels 
completed. Regression models were evaluated by the total variance 
captured (R2) in posttest scores. 

• Blocks of independent variables were evaluated for the change in R2

resulting from their inclusion in the model and the associated 
improvement in model fit, as measured by the F statistic (α=.01). 



ANALYSIS RQ 5&6 ~ STUDENTS’ PERCEPTIONS

Nonparametric (categorical) data
• Cross-tabulation analysis was conducted to compare the 

frequencies of student participants’ responses on items including: 
time playing video games, reading print, and reading on the web.

• A comparison of students’ perceptions of both reading and playing 
computer games for fun in relationship to student-level variables 
related to NAEP reading level and disability status was also 
conducted.  

• To answer research question six, the researchers analyzed 
students’ responses to the survey prompts: (1) I like science, (2) I 
am good at science, (3) I would like to have a job as a scientist 
someday, and (4) Video games make learning about science more 
fun using chi-square for both pre and post intervention surveys. 

• Again, results were disaggregated by NAEP reading level and 
disability status.


